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Abstract 

Over the past three decades more attention has been directed to research in early 

year’s science education. This is because science activities can provide rich possibilities 

for supporting children’s learning and development. In addition, research has shown 

how science related activities at a young age support children to develop positive 

attitudes towards science. However, most of the studies that have been undertaken focus 

on children’s science learning in formal settings, such as preschool or childcare settings. 

There is limited research on how families can support very young children’s science 

learning at home where parents are the child’s first teacher. Compared with research 

generally in science education, empirical research of children aged from birth to three 

has received limited attention worldwide, particularly for the infant-toddler age group. 

Thus, this thesis investigates the conditions that are created in everyday family life for 

the development of infants-toddlers’ science concept formation. The aim of the study 

reported in this thesis is to fill this gap, by determining how play and regular activities 

lead to the development of infants’-toddlers’ scientific concept formation within 

everyday family practices. Specifically, the study investigated the involvement of 

parents, other adults and peers, in everyday contexts for supporting the development of 

infant-toddler’s scientific concepts. 

Over the past two decades, the trend in researching science learning in the early 

years has developed interest to a socio-cognitive approach, with an emerging number of 

studies that draw upon cultural-historical theory. A cultural-historical reading of science 

education positions science as a form of cultural knowledge that is historically and 

collectively formed and understood, rather than as something that is located within the 

individual. Following a cultural historical point of view, children develop concepts as 

part of their everyday context. Concepts develop gradually and the process of 
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conceptual development starts in early childhood. For young children Vygotsky’s 

theory of concept formation foregrounds the value of context in combination with the 

dynamic and evolving nature of concept formation. Children learn scientific concepts, 

through adult mediated processes for developing understanding, learning and 

comprehension. Adults assist children to develop scientific concepts in everyday life. 

Everyday concepts and scientific concepts are dialectically related. That is, the everyday 

concept is learned in the everyday context where a personal motive for engaging with 

scientific concepts can emerge and scientific concepts learned during interactions with 

adults as abstract concepts, help explain everyday practices for the child. Considering 

infants-toddlers science learning through social interactions in everyday context, 

Vygotsky’s cultural-historical research has been drawn upon as the theoretical 

framework for this research. 

A cultural historical methodology encompasses a unique system of 

interconnected instruments for realising the analysis of the process of development in its 

wholeness and complexity. Studying children’s development in science examines the 

individual trajectories within sociocultural contexts. From the point of the whole 

exposition of the child, cultural-historical theory refers to the complex process of 

development of higher mental functions where development is always a complex and 

contradictory process but first of all, it is a dialectical process of qualitative change. In 

order to understand children’s science learning, the study design must be framed to 

include the science learning context of the family home. In the study reported in this 

thesis, three children from three Bangladeshi families in Australia and Singapore were 

followed in everyday family life. All three children (age 10 to 36 months) were born 

abroad and in each of the family homes they practice their Bangladeshi culture. Digital 

video observations were the tools used for data collection. Approximately 30 hours of 

video data and approximately 3 hours of interviews data were gathered from infant’s-
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toddler’s everyday life over one year. This study focused only on three Bangladeshi 

families’ everyday context in Australia and in Singapore and it does not seek to 

represent the Bangladeshi context. Dialectical-interactive approach from cultural-

historical research methodology has been applied for analysing the data.  

It is argued that science learning is possible from infants-toddlers age where 

parents or other adults or more competent peers act as mediators to support young 

children to develop small science concepts in play and other everyday activities. Small 

science is a new way of understanding science at the infant-toddler age. Small science 

has been defined as simple scientific narration of the everyday moments that infants and 

toddlers experience at home with their families. Small science moments are created 

through parent-child conscious collaboration and social interactions are the main criteria 

to learn small science concepts in the infants-toddlers life. In order to achieve a 

successful outcome from these play moments, one might consider the dynamic aspects 

of a play motive, and the successful play motives that create the rich possibilities for 

infant-toddler’s development of small science concept formation in their everyday 

culture.  Parents think that possibilities of science concept formation during the infants-

toddlers age do not entail extra effort for parents; rather, the science concepts could be 

advanced as part of the social situation of development in the infant-toddler’s everyday 

context. This study contributes to the theoretical knowledge, methodological 

understanding and the development of pedagogical approaches for science learning, as 

well as practices in early childhood science education.  
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Chapter 1: Introduction 

“Before studying development, we must explain what is developing”. 

(Vygotsky, 1997b, p. 44) 

Introduction  

This study seeks to find out about the everyday activities that occur in the home 

as part of family practices and to determine how children aged 10 to 36 months develop 

their scientific concept formation through regular activities. I have chosen children aged 

from 10 to 36 months because the research tradition which documents the voices of 

very young children is limited (Johanson, 2011). Being an early childhood researcher it 

is a great opportunity to work with infants and toddlers because little is known about the 

knowledge base of this particular age group within the field of early childhood science 

education (Johanson, 2011).  

Children aged to three years are mostly dependent on adults, especially parents 

or other adults in the family. My interest centres mostly on family practices during this 

age because children generally engage in regular activities where they develop concepts 

about everyday life. Additionally, it can be argued that it is important for young 

children to know scientific concepts for coping with a modern life style and if children 

grow with scientific concepts from an early age, they will more easily manage this 

contemporary lifestyle. 

“Until now we know very little about young children’s scientific experience and 

understandings of their everyday life and the impact that centre or family practices 

might have on children’s development and well being” (Johanson, 2011, p. 2). 

Therefore, I feel children’s regular activities and play in everyday family life either at 

home or outside the home contributes towards the development of their everyday 
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concepts and as Vygotsky (1987) notes, scientific concepts are also developed from 

everyday concepts. From this understanding, I conceptualised my research to 

investigate how children develop their scientific concepts through everyday life. I have 

examined this topic with a small sample of Bangladeshi-Australian and Bangladeshi-

Singaporean families because I am from Bangladesh and my cultural understandings 

will facilitate a deeper understanding of the research context. In addition, I seek to draw 

upon both cultural-historical theory and my cultural background to determine what 

kinds of daily practices lead to young children’s scientific development. 

In this chapter I sketch out my motivation for undertaking educational research 

in general and this study in particular, followed by the research questions that emerged 

from the literature review. I have explained the definition of terms in relation to the 

research detailed further in this chapter. I have provided a brief background of cultural-

historical theory that I believe will lead my exploration into the formation of scientific 

concepts of infants-toddlers life through everyday practices in the family. The final part 

of this chapter, discusses the thesis structure.  

Situating myself in the research circumstance 

I would like to share my personal story to locate myself in the research context. I 

started my PhD journey in Australia, I came here with my first child who was a six 

month old baby boy. I was more excited about my son rather than studying. During the 

first few months (about six/seven months) I followed him with lots of curiosity as a new 

mother and tried to understand each and every single step of his cultural development. 

In the meantime, I was reading Vygotsky’s cultural-historical theory and thinking about 

research questions. My readings on the cultural-historical theory of Vygotsky were both 

an amazing and painful journey to discover and understand cultural-historical theory. 

Knowing and learning cultural-historical theory is a wonderful experience although the 

language in the books of Vygotsky, is challenging. As I read Vygotsky I could relate the 
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content to my baby’s activities, which gave me extreme joy. My baby followed me 

because he liked to imitate all of my activities and I also followed him because it helped 

me with my understanding of the readings (in addition to supporting his development). 

Both of us enjoyed these activities and I now feel even more interested in my baby’s 

activities because of my theoretical understanding.  

In addition, I have a science background and I was never satisfied with the 

explanations of the science teachers in my life who demotivated my attitude towards 

science. However, I always felt that a positive attitude towards science is an important 

endeavour in the modern world. Then I wondered how a child could develop a positive 

attitude towards science from early childhood as the family is where a child’s learning 

begins, it is the first institution (Hedegaard & Fleer, 2008). For example, I recognised 

that I used simple verbal narration scientific explanation in each context when 

interacting with my son. My son is curious about my scientific explanations and I have 

noted that he applies his learning to other contexts. These moments helped me start my 

research journey because in the back of my mind was my own child and our positive 

science experiences together. I wondered if parents used simple scientific narration of 

each context to their children at home, and if their children developed a scientific 

attitude to enrich their future life. 

As a result of my personal experiences, I decided to study the development of 

three infants-toddlers and now I feel my research journey is not only joyful but also 

brings great excitement and happiness to me. In my research I worked not only as a 

researcher but also as an active participant observer which provided me with in- depth 

knowledge on my topic.  
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Statement of the research problem(s) 

Research questions.  

The aim of the study was to determine what kind of family practices were 

associated with the development of scientific concepts during children’s everyday 

activities and play. The study investigated play, regular activities of families at home and 

outside of the home where parents, other adults, siblings and peer groups were involved. 

The research problem has been derived from the gap in the literature located 

around early childhood science education. The study draws on cultural-historical theory 

to shape the study design that was developed to answer the research questions. 

The main research question of the study:  

What conditions are created in the everyday family life for the development of 

infants-toddlers’ (10 to 36 months) science concept formation? 

The central focus of this research question is about examining the conditions that 

are created for supporting the development of science in the infant-toddler period. 

According to the dialectical-interactive approach, “the aim is to research the social and 

material conditions as well as how children participate in these activities” (Hedegaard & 

Fleer, 2008, p. 35).  The subsidiary research questions have been narrowed down to find 

out the specific conditions of the research outcome through four papers as part of my 

thesis including publications.  

Subsidiary research questions of the study: 

Paper one: 

In Paper one (Chapter 4), the research questions are: 

1. What are the everyday concepts that families developed during everyday interactions 

and activities with infants and toddlers that are foundational for later science learning?  
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2. What are the possibilities for scientific development in everyday family practices at 

home for infants and toddlers?  

Paper two: 

The second paper (Chapter 5) responds to the following research questions: 

1. How do parents in everyday family life support infants-toddlers to develop their small 

science concepts? 

2. What kind of social interactions support the development of small science concept in 

infants-toddlers life? 

3. What are the social relations between real forms and ideal forms of science for the 

development of small science concepts of infants-toddlers?  

Paper three (Book chapter): 

Paper three (Chapter 6) investigates the dynamic relationship between a child’s 

science motives and the learning of science concepts during infant-toddler’s play where 

the research question is: 

1. How do the dynamic aspects of motives create the conditions and potential for 

developing small science concepts in play contexts at the infant-toddler age? 

Paper four: 

Paper four (Chapter 7) focused on parents’ perception of infant-toddler science 

concept formation. The study reported in that paper sought to examine: 

1. What are the parents’ perceptions of the development of scientific concepts in 

everyday family life for infants and toddlers? 

Definition of terms. 

Infant-toddler:  

Infant-toddler is defined in this paper to mean the age group of children from 10  

to 36 months. 
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Every day activities and play of Bangladeshi-Australian and Bangladeshi-

Singaporean families:  

Children usually take part in regular activities and play within the home as part 

of taken-for-granted established family practices. In this study, I have collected data 

from infants-toddlers everyday activities such as meal time, sleep time, shower time, 

wake up time, transitions time, story time and play activities such as individual play 

(e.g. puzzle play) and collective play (e.g. play with parents, peer play). Play is one of 

the leading activities in early childhood (Vygotsky, 1966). I have found varieties of play 

in infants-toddlers routines which are: play with play dough; puzzle play; water play; 

play in playground; football; kite play; cooking play; pretend play.  Kravtsov & 

Kravtsova (2010) divided children’s play in different ways, such as Director play, 

Image play, Plot role-play, Games with rules, Literature play and Theatre performance 

play. Yet what these everyday play practices afford for scientific learning is not well 

understood. I seek to examine within children’s everyday activities along with play, the 

link between regular activities and play and scientific concepts that occur during 

everyday family practices. My focus is the regular activities and play of children 

growing up in Bangladeshi-Australian and Bangladeshi-Singaporean families. As play 

is one of the regular and enjoyable activities children experience at young age, play is 

outlined as a leading activity (Vygotsky, 1966) in this thesis. 

Everyday Concepts and Scientific concepts:  

According to Vygotsky (1987) everyday concepts and scientific concepts have 

been defined in the following way: 

Everyday concepts are developed through practical activity and focus on a more 

conscious awareness of the object rather than the concept. Scientific concepts develop 

more conscious awareness of the concept than of the object. The concept develops 

through the systematic cooperation between the teacher and the child in educational 
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settings, informally, it occurs through the adult’s assistance and participation. 

“Everyday concepts help to progress development of scientific concepts and the 

scientific concept blazes the trail for the everyday concepts” (Vygotsky, 1987, p. 169). 

Scientific concepts could be any kind of academic concept, originating from the 

disciplines of mathematics, language, science and so on. This study mainly focuses on 

science concepts.  

For example, a young child is trying to learn how to swim in the swimming pool 

with his/her parents. In this everyday activity, the child is learning the rules of 

swimming as part of everyday concepts and scientific concepts in this context are 

floating, sinking, pushing, pulling and spinning. The child is experiencing some small 

science moments (e.g. push, pull, spin) which I have termed as small science concepts. 

These small science concepts are the basic foundation for future academic concepts (e.g. 

force, density). I have defined small science as capturing the simple scientific narration 

that we see accompanying the everyday scientific moments that infants and toddlers 

experience at home with their families through regular activities. 

Background of cultural-historical theory and relevance to my 

study 

Lev Semenovich Vygotsky (1896-1934) is known as the greatest and most gifted 

Soviet Psychologist who wrote overall 200 scientific works (Levitin, 1982) and through 

these works he initiated and led cultural-historical theory from early in the twentieth 

century (Rogoff, 2003).  

 Cole and Gajdamaschko (2007) identify three distinctive forms of culture in 

Vygotsky’s works.  First, culture defined as artistic products and the process of creation 

which appears in The psychology of Art, second, The development of higher 

psychological functions focus on the term as “cultural-historical” and “cultural-

development” and third as “cultural people” in relation to the term “primitive” people 
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during the period of Vygotsky’s writing dominant in Western European tradition. These 

conceptions of culture prejudiced theoretical and empirical research studied by 

Vygotsky and his colleagues Luria, Davydov, Leontev (Cole & Gajdamaschko, 2007).  

Cultural–historical theory has been influential, not only among developmental 

psychologists but also it has become increasingly important to other disciplines, such as 

anthropology and sociology and in the application of psychology, in such areas as 

education, human-computer interface design and the organization of work (Vygotsky, 

2004a). But what does Cultural-historical theory mean? 

“Cultural–historical theory foregrounds those contexts which shape social 

relations, community values and past practices which have laid the foundations of what 

participants pay attention to in their communities” (Fleer, 2008a, p. 4). Rogoff (2003) 

states similarly, the cultural-historical approach assumes that individual development 

must be understood in and cannot be separated from, its social and cultural-historical 

context. Moreover, in the emerging sociocultural perspective, culture is not an entity 

that influences individuals, instead people contribute to the creation of cultural 

processes and cultural processes contribute to the creation of people (Rogoff, 2003). 

“During the period between the late 1920s and early 1930s, Vygotsky worked 

within the course set by the general assumptions of Vygotsky’s cultural-historical 

theory, and together with his colleagues, undertook broad and novel experimental 

investigation of child psychology and educational psychology which was later 

published as numerous scientific studies” (Vygotsky, 1997a, p. xxix). In the child’s 

cultural development, every function appears on the scene twice, in two different 

contexts, first as social and then as psychological (Vygotsky, 1997a). Veresov (2014b, 

p. 219) extends this, stating that, “cultural-historical theory provides a powerful 

conceptual framework to investigate socially and culturally constructed pathways, 

milestones and transitions”. According to Vygotsky, children build up higher order 
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mental functions such as the ability to compare, to order, to analyse, to remember and to 

generalise (Smidt, 2009) which are psychological. My study mainly focuses on social 

and cultural development in relation to science concepts through everyday activities. 

In addition, Vygotsky (1987) writes about scientific concept development in 

school age children and proves that scientific concepts can be developed in everyday 

contexts. Then what does this mean for the scientific learning of infants and toddlers? 

This study will find out about science for infants-toddlers in the context of family 

homes. 

“Though Vygotsky did not write much about child’s play, Vygotsky’s approach 

to the activity of play allows not only to understand the basic characteristics of the 

cultural-historical approach but also, with the example of play, to single out specific 

traits and features of non classical psychology” (Kravtsov & Kravtsova, 2010, p. 25). 

This study focuses not only on infants-toddlers everyday activities but also their play in 

the family home. Thus, in this research, everyday activities and play in family practices 

are analysed from the cultural-historical perspective for a child’s scientific concept 

development. Cultural historical theory allows for the understanding of the process of 

child development not the product (Veresov, 2014a, 2014b) and my study looked at the 

process of scientific development of infants-toddlers because it is challenging for 

children within this age period to develop abstract science concepts. 

In developing my theoretical understanding in relation to cultural-historical 

research, I have reviewed the longstanding research, this focuses the rationale of my 

research. “The reading of historic works is inevitably done on the basis of present-day 

and personal knowledge and possibly with an eye to the future” (Van Oers, Wardekker, 

Elbers,  & Van De Veer, 2008, p. 20). Therefore, my theoretical perspective is 

concentrated on Vygotsky’s work and other research related to this. Vygotsky’s (1966)  

work on play, which was presented by Vygotsky in 1933, provides the main theoretical 



11 
 

ideas for this research. Other works of Vygotsky, for example Vygotsky (1987), 

Vygotsky (1998), Vygotsky (1997a, 1997b), Vygotsky (2004b), have also been used to 

develop my understanding of his work. To support my research, I have also studied 

other relevant research on play, learning and development from Vygotsky’s era, for 

example, Elkonin (1971, 2005 a, b, c, d), Parten (1933, 1932), Piaget (1962), Leontev 

(1965) and Levitin (1982).  

Furthermore, Vygotsky’s work has prompted several contemporary 

interpretations (Van Oers et al., 2008). Thus, careful consideration regarding other’s 

understanding and interpretation of Vygotsky’s work which is related to my topic has 

been reviewed, the main authors are as follows: Kravtsov and Kravtsova (2010), 

Kravtsova (2006), Karpov (2005), Van Oers (2008, 2010), Bodrova (2008), Bozhovich 

(2009), Dockett and Fleer (1999) , Fleer (2009a, 2010, 2011b, 2011d), Hedegaard 

(2002, 2009), Hedegaard and Fleer (2008), Holzman (2009), Gredler and Shields 

(2008),  Polivanova (2001), Rogoff (2003), Smidt (2009), Davydov (2008), Nixon and 

Gould (1999) and Veresov (2006). These authors’ interpretations of Vygotsky’s theory 

are relevant to my research and my theoretical understanding has been shaped during 

reading their interpretation of Vygotsky’s work. 

Configuration of the thesis 

In a break from the traditional thesis format, this thesis follows Monash 

University’s framework of ‘thesis including published works’. In following this thesis 

format, I have framed the research context. I have divided my project into three parts. 

Part one contains the Introduction, General Literature and Methodology (Chapter 1, 2, 

and 3). The second part discusses findings through the presentation of four papers 

(Chapter 4, 5, 6 and 7) and the third part is the Concluding Chapter (Chapter 8), which 

finalizes the thesis. 
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Therefore, this thesis comprises of eight chapters starting with this introductory 

chapter, which introduces the research topic, motivation for the study, the research 

questions, the rationale for drawing upon cultural-historical theory for framing the 

research and the definitions of the terms relevant to this study. The second chapter 

discusses why this research is important for the field of early childhood education, 

where an overview of the literature is presented; specifically it gives a general literature 

review of science learning in early childhood science education and a rationale for a 

cultural-historical study of child development. The third chapter explains the 

methodological framework of my study. This chapter draws connections between the 

cultural-historical theory and methods, bringing new insights in understanding the 

cultural-historical research methodology that animate Vygotsky’s philosophy. 

In part two, I have discussed four papers as four chapters where the subsidiary 

research questions have been answered in line with the main research question. Findings 

have been revealed through these four chapters (Chapter 4, 5, 6 and 7). According to the 

guidelines for a thesis including published works, each paper contains a theoretical 

framework, literature review, methodology, data analysis, findings and conclusion. In 

the theoretical framework, a system of concepts has been derived from cultural-

historical theory for explaining the data in each paper. The literature review identifies 

the gap in each paper and the findings of the study attempt to fill the gap through 

addressing the research questions of the paper.  The method section provides knowledge 

about the details of data collection procedure such as hours of digital video data used in 

the paper, participants’ particulars, role of the researcher and the research context. The 

research data have been analysed through a dialectical-interactive research method, 

which follows the cultural-historical paradigm. Each paper concludes with the result of 

the study. 
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Finally, chapter eight concludes the thesis, presenting an integrated discussion of 

the thesis. I have discussed and summarized the four papers, provided the significance 

of the study, followed by future research suggestions. I present the challenges that I 

have faced during the study period. I have ended the thesis with my insights as a set of 

concluding remarks. 
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Chapter 2: Literature Review 

“The future of our civilization depends upon the widening spread and deepening hold of 

the scientific habit of mind; and that the problem of problems in our education is 

therefore to discover how to mature and make effective this scientific habit”. 

(Dewey, 1910, as cited in Howe, 1975, p. 95) 

Introduction  

The first chapter presented the researcher’s inspiration to study science concept 

formation in everyday family life in three Bangladeshi families who live abroad 

(Singapore and Australia). The central research question emerged from the gap in the 

literature. The reviewed literature helps the researcher to identify the research aim. The 

aim of this thesis is to contribute to an understanding of how science learning can be 

studied from an institutional (family) perspective using digital methodologies (i.e. video 

observations). 

The literature review provides the justification or rationale for the research or 

technique to be described - or to put it another way - the review characterizes the empty 

space in the relevant literature that the results will seek to fill (Kremenak, 2010). In my 

research, I have completed a systematic review of the literature to understand the 

research gap that assisted me to develop my research questions in the field of early 

childhood science education. As described by Bennett, Lubben, Hogarth, & Campbell 

(2005): 

The benefits of systematic reviews lie in their potential to assist with the 

dissemination of research findings, to contribute to establishing a culture of 

evidence-enriched practice, to point to areas that require further research, to improve 

the comprehensiveness, clarity and rigour of research reports, and to make a valuable 
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contribution to informed debate about the nature, purpose and quality of educational 

research. (p. 405) 

By doing a systematic literature review, I have developed my understanding not 

only to reveal the gap in the research area but also to learn the trends in the research 

culture that are significant and important for undertaking quality research in early 

childhood education.  

In each of the publication chapters (Chapter 4, 5, 6, & 7) individual and specific 

literature reviews are presented, the focuses of these reviews are on the subsidiary 

research questions. Each publication is self-sufficient. That is, each publication has a 

systematic literature review on the relevant empirical studies and the relevant concepts 

from the theories that have framed the subsidiary research questions. Therefore, this 

chapter provides a general review of the existing literature in the field of early 

childhood science education to show how this study is situated within this literature and 

to demonstrate how this study is able to make a significant contribution to our 

understanding in Early Childhood Education. 

Research trend in early childhood science education 

In this section, the systematic literature review provides an outline of previous 

research to illustrate what knowledge and perceptions have been established on 

children’s science learning and development and to identify the specific elements that 

constitute the gap which this study will fill. As there are broad variations in the 

literature on early childhood science education, I have chosen to categorize the 

published papers systematically to reveal the gap and trends that informed my research. 

Significance of research on science learning in early years. 

More than half a century ago, Craig (1956) argued that children come to school 

with scientific ideas, which could be alternative conceptions, superstitions and 
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particular attitudes to learning science content. The author uses a developmental point 

of view, which suggests that parents are the first teacher of science in children’s life. 

From birth, children experience many science concepts for example, smoothness, 

lightness, darkness, sharpness and acceleration. Craig (1956) claims that children do not 

learn the abstraction of the concepts but children’s experience in relation to these 

concepts is fundamental for their life. He concludes that the human organism from birth, 

with its dynamic drives has the capacity for science learning. However, parents and 

teachers need to make certain that children can develop intelligent and democratic 

behavioural patterns for learning science. 

Consequently, about forty years ago Howe (1975) claimed that there is very 

little attention paid to the meaning and place of science in the lives and education of 

children before school age. He argued for a rationale directed towards science in the 

early years. He found, logical thinking and experience were important factors for 

children that could effectively enhance the scientific habit of children’s minds. Watts 

(1997) suggested that children from an early age engage in theorising about common 

phenomena that are key functions within the preparatory development of scientific 

thinking.  In Mantzicopoulos, Patrick, and Samarapungavan’s (2008) research, it is 

argued that science must be taught at an early age for developing children’s feelings of 

competence and enjoyment of science, which motivates children to continue science 

learning in their future life. This literature has shown that historically researchers have 

recommended for the significance and need of learning science in the early years.  

Therefore, I reviewed the Google Ngram Viewer to understand the trends in 

research regarding children learning science. According to the Google Ngram Viewer, 

there are many books (e.g. Aitken, 2012; Campbell & Jobling, 2012; Chittenden, 

Courtney, & Jones, 1997; Fleer & Pramling, 2015; Johnston, 2005; Harlan & Rivkin, 

2000; Lind, 2005; McNair, 2006; Neuman, 1978; Riley, 2008; Roth, Goulart, & 
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Plakitsi, 2013; Saracho & Spodek, 2008; Smyth, 2007) found in relation to science 

learning at the early childhood level. However, the following figure shows the 

publication of research into children’s learning of science gradually increased from 

1988 and the status of book publications were uppermost between 1998 and 2004. After 

this the publication date, the trend has sharply decreased. 

 

Figure 1. Graphs presenting the publication of children’s science learning book. 

(Source: https://books.google.com/ngrams/graph) 

The graph reflects that the recent book publications relevant to children’s 

science learning is decreasing and this shows a corresponding growing gap in current 

research into science learning in the early years. Therefore, my project in relation to 

early year’s science learning makes a significant contribution into early childhood 

science education.  

We now turn to another potential gap in early years science education – the formal 

settings associated with the learning of science. 

Science learning in formal settings: 

In an important content analysis by Tsai and Wen (2005) of three science 

education journals, some interesting trends were noted. Tsai and Wen (2005) examined 
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the International Journal of Science Education, Science Education and Journal of 

Research in Science Teaching from 1998 to 2002. At that time, the authors stated that 

the reviewed articles in these journals provide current and future trends in research to 

science educators. It was argued that research in science education at the time was 

getting increasingly more attention in the international research community. In 

particular, student learning contexts and social, cultural and gender relevant research 

topics received comparatively high attention. But an analysis of early childhood science 

education research did not feature in their work.  An analysis of the research base for 

children’s science learning in formal contexts such as Kindergartens, Pre-schools and 

childcare settings follows.  

During the 1990s some studies on children’s science concept formation featured 

in the literature. The studies found focused on the interactions between children and 

adult/teachers or child-child interactions in the social and cultural context of classroom 

settings. For instance, Fleer (1991) conducted a study of children’s scientific 

understandings of electricity. The children were aged between three to five year olds 

and were attending a childcare centre. It was found that these young children could gain 

scientific understandings of electricity if a socially constructed approach to learning was 

used. In addition, the learning situations need to be carefully planned and applied, with 

a focus on sustained, shared and conceptually engaged adult-child interactions. 

Therefore, the development of scientific concepts can be attained in a young child’s life 

if a learning situation is created to connect with their life experiences. In another study, 

Fleer (1992) investigated children’s (five years to eight years) scientific understandings 

and noted the conceptual change that occurred during the teaching of science in 

kindergarten. Teachers were involved in science following an interactive teaching 

approach. The author founds teacher’s interaction with students through social 

construction of learning scaffolds conceptual change in children’s science learning.  
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In the following year, Fleer and Hardy (1993) investigated how children’s (three 

to four years old) understanding about natural and processed materials could be 

extended and reinforced in the home. The authors designed the study in quite a different 

way. They developed four different interview schedules for children and parents. The 

researchers interviewed the children prior to experiencing the teaching of the concept in 

the childcare centre, followed by a final interview at the end of the teaching period. 

Parents were interviewed in a similar way. It was found that children’s science learning 

was influenced by the children’s life experiences, language skills, interest level and 

sense of social context. In the same year, Segal and Cosgrove (1993) examined 

kindergarten children’s exploration of ‘light’. Children explored shadows and shadow 

formation inside and outside of the classroom and shared their knowledge with peers. 

Finally children shared their understanding when exploring shadows in a small group 

with the researcher. It was found that sharing conversation with peers, small groups and 

other people provide insight into social and individual construction of knowledge that 

help children’s abilities to be scientific. Next, Segal and Cosgrove (1994) undertook a 

small study on socio-dramatic play and science learning for primary aged children. In 

socio-dramatic play, there are two or more people involved in dramatic pretend play. 

They found that if the opportunity is provided in classrooms for socio-dramatic play in 

relation to science education, this play offers a scope for science learning in classroom 

settings. Further, the authors found that teachers need to incorporate these opportunities 

for children in classroom settings.   

In longitudinal research by Tytler and Peterson (2000, 2003 and 2005), five-

year-old children’s scientific reasoning and achievement about specific science concepts 

(evaporation) in primary school classroom settings were examined. They sought to 

understand children’s knowledge of evaporation and found that children held a range of 

conceptions that changed in complex ways across context and time. The authors used 
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broader notions of language appropriation as a cultural tool, of personal and social 

narrative responses to features of the phenomena and the classroom setting and the 

nature of science explanations. The relationship between social and individual 

perspectives of learning by children was noted. The authors questioned some 

assumptions underlying conceptual change found in the literature and noted that 

alternative views can help children to develop scientific concepts. It was argued that the 

current science practices in primary schools need to be revised and recommend that the 

generation and explorations of ideas could be the key for scientific activity in primary 

school. The findings reveal the complexity and coherence of learning pathways relevant 

to learning about the concept of evaporation in educational contexts over time.  

Extensive research into specific science concepts (e.g. light, friction, rain, cloud, 

day-night, rolling objects, gasification, thermal expansion and contraction of metals, 

gravity, the shape of the earth, and water) of preschool aged children in formal settings 

has been undertaken (Fleer, 1996a, 1993; Lidar, Almqvist, & Ostman, 2010; Ntalakoura 

& Ravanis, 2014; Ravanis, 2013; Ravanis & Bagakis, 1998; Ravanis, Christidou, & 

Hatzinikita, 2013; Ravanis, Papandreou, Kampeza, & Vellopoulo, 2013; Ravanis & 

Boilevin, 2009; Ravanis, Koliopoulos, & Boilevin, 2008; Robbins, 2005; Siry, 2013; 

Siry, Ziegler, & Max, 2012). These studies have featured as the main type of research in 

early childhood science education. In these studies, the researchers have applied 

intentional teaching programs in relation to the science concept (e.g light, friction, 

rolling objects, thermal expansion and contraction of metals) formation in pre-school to 

school aged children (three years to 10 years). The Australian Department of Education, 

Employment and Workplace Relations, (DEEWR) (2009) argues that intentional 

teaching involves educators being deliberate, purposeful and thoughtful in their 

decisions and action. Through intentional teaching, learning occurs in social contexts 

and these interactions and conversations are vitally important for learning (DEEWR, 
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2009). Studies found that children can develop science concepts at preschool age 

through teaching intervention where the children’s social context is considered.  

Through a sociocultural approach, for example the research could find out the 

depth and extent of understanding young children’s thinking in science (Robbins, 2005). 

Robbins (2005) has studied the idea children (three to eight years old) develop of 

certain natural phenomena, such as rain, clouds, the sun, moon, day and light of children 

over an18 month time period. Using a socio cultural perspective Robbins (2005) acted 

as a part time participant in the research, arguing that traditional views of Piagetian 

constructivist approach in research needs to be challenged. The author found that 

“children’s thinking about science is complex and fluid” (Robbins, 2005, p. 168) and it 

can be extended through the social context. This paper emphasizes thinking about the 

use of cultural historical methodology and the way it may create the extended thinking 

for the researcher as a participant. Children’s science thinking can be studied in an 

alternative way to traditional developmental means, that is by using a socio cultural 

perspective, which moves from the individual to the social and community/institutional 

context (Robbins, 2005). In 2009(a), Fleer explored how preschool children’s (four to 

five years old) concept formation could be theorised as a relation between their 

everyday thinking and their scientific thinking. The data showed that preschool children 

could learn scientific concepts in playful learning contexts. This study focused more on 

the teacher’s role in developing the child’s conceptual development. 

I also found literature on the teacher’s pedagogical role in relation to children’s 

development in science learning. A collaborative project, namely ‘Planting the seeds of 

science’ is a new resource developed by academics, teacher educators and pre-service 

teachers in early childhood educational settings (Howitt, 2011). The resource is 

designed in such a way that teachers can use the modules in relation to the teacher’s 
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context, class, environment, and agency.  The philosophy of the module follows five 

principles, which are:  

Consider young children as natural scientists, engage children through play and 

guided inquiry, consider socio-cultural contexts for children’s learning, value on an 

integrated approach to children’s learning experience, application of meaning-

making practices for children to demonstrate their understanding and learning. 

(Howitt, 2011, p. 34)  

The resource encourages teachers to engage with science ideas and activities in 

the teaching of three to eight year olds. In another research project by Howitt, Upson, & 

Lewis (2011) a case study methodology is used to investigate how four year old 

children learn about forensic science as part of a scientific inquiry in a preschool 

classroom.  The researchers developed a forensic science module namely ‘We are going 

on a (forensic) bear hunt’. Through the module, children learned about fundamental 

principles of forensic science such as, where every contact leaves a trace, allowing 

children to solve a mystery relating to a set of bear footprints found in the classroom. 

The study provided clear evidence that children eagerly participate in scientific inquiry 

(generating questions and predictions, observing, recording data, using equipment, 

using observations as evidence, and representing and communicating findings) through 

guided teaching and an appropriate context. 

In the following year, Blake and Howitt (2012a) researched the opportunities of 

young children’s (three months to four years) engagement in scientific enquiry and how 

these opportunities benefit the development of scientific concepts in early learning 

centres. The research context was set in two pre-kindergarten classes from two early 

learning centres and one community playgroup situated in an early learning centre 

(where parents were the educators). The researchers discussed the study aims with 

teachers and parents before they started the project and found that young children learn 
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science through a balance of planning, flexibility, deliberate teaching and free play. 

Intelligent and thoughtful pedagogy can create harmonious and positive science learning 

environments for young children. In another study by Blake and Howitt (2012b) on 

developing pedagogical practices for science teaching and learning with three and four 

year old children, it was found that children continuously gain new knowledge and link 

their knowledge with their everyday experiences. If educators are thoughtful in 

pedagogy, they can create a positive learning environment linking children’s prior 

experience to practise concepts (science) in a way that is suitable for young children.  

In some research, it was found that teachers’ science knowledge is important for 

student’s science learning in formal settings. For example, Andersson and Gullberg 

(2014) investigated the purpose of science teaching in the classroom. Through an action 

research project, which was part of a professional development program for teachers on 

science and gender, data was collected from five preschool and primary school teacher’s 

classroom experiences over fifty seven months.  The authors found that teachers need to 

have subject matter knowledge as well as competence in teaching science in the 

classroom. This connects with the longstanding literature on teacher knowledge, 

confidence and competence to teach science generally. One research paper which has 

focused on teacher understanding of science concepts in childcare settings (Fleer, 

Gomes, & March, 2014), examined the everyday settings of a childcare centre to find 

the possibilities of science learning. Moreover, the authors researched the teacher’s 

perception of science learning through the environment of the childcare. In this study, 

the authors discussed the possibilities for science learning through objects and the 

environment of the childcare through which the teachers could introduce science to 

children. 

Children’s science knowledge, interests and context have been considered in 

research for the development of science curricula in kindergarten and primary schools. 
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In a longitudinal study by Siry, Ziegler, and Max (2012) water was investigated with 

children (five to six year olds) as part of a three year project in kindergartens on 

children’s (4 to 6 years old) processes and constructions of science within curriculum 

activities, the teachers’ role was an integral part of the project. In particular, the 

researchers looked at the interconnectedness of scientific inquiry with the nature of 

science –related discourse during explorations. It was found that through the approach 

of science as a discourse, young children participate in general talk in relation to the 

more specific science objects at hand and science becomes more relevant through 

interaction. The findings indicate that children enact science collaboratively and through 

multimodal means within discourse and interaction. Through the same project, Siry and 

Max (2013) found that science curricula emerged from students’ interest and insight 

through the integral role of teachers.  The discourse-in-interaction process provides the 

opportunity for teachers to develop the pedagogical practices at the micro level, which 

in turn helps teachers to develop science curricula (Siry & Kremer, 2011).  In addition, 

Siry (2013) argued that young children could produce the unprecedented science 

knowledge through collective experiences in the same project. It is found that science 

knowledge can be emergent from children’s interactions with each other in open-ended 

situations through participatory approaches where teachers guide children to the open-

ended doing of science.  Danish and Saleh (2014) examined how teachers might 

efficiently integrate student created representations through unplanned informal tasks in 

their curricula. Their study has been designed to support students in learning about 

scientific topics through generating adhoc representations (images). Activity theory was 

used to analyse the data. The findings indicate that students (age six to nine years) 

perform better in science learning through students’ cooperative strategies and teachers, 

parents, researchers’ support while they develop images.  
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In addition to studies focused on science concept formation, there are also 

studies that investigate scientific vocabulary, problem solving, and attitudes to science 

and thinking through science in formal contexts. For example, Hong and Diamond 

(2012) examined preschool children’s science concepts, vocabulary and scientific 

problem-solving skills in the context of two approaches of teaching science. Responsive 

teaching and combined explicit instruction were chosen as the two approaches for 

teaching science concepts and vocabulary related to floating and sinking and scientific 

problem solving skills. The authors found young children learned science concepts and 

vocabulary in both approaches. However, pre-schoolers learned more science concepts 

and vocabulary and more content-specific scientific problem solving skills in the 

combined explicit and responsive teaching approach, than when only responsive 

teaching or traditional teaching was used. Spektor-Levy, Baruch, and Mevarech (2013) 

have investigated pre-school teachers’ attitude towards science and how teachers could 

foster natural curiosity of science in children. In this study, 146 pre-school teachers 

were involved in the survey. The study results show that most participants believe 

scientific activities in preschool can influence children’s long-term attitudes towards 

science. The researchers found eight ways to foster scientific curiosity among children, 

framing learning by the teachers, which included the teachers being attentive and 

responsive, facilitating and participating in inquiry science.  Similarly in a teaching 

intervention project by Venville, Adey, and Larkin (2003), children’s cognitive 

acceleration in classroom settings was investigated. Four lessons out of 32 were 

analysed and intervention lessons in a Year one classroom were undertaken. Through 

intervention lessons, students were engaged in high level thinking through science. The 

findings indicate that teachers can nurture habits of good thinking through science: first 

by accepting difficulty as an integral part of the learning process, second, by 
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encouraging children to explain and talk about their ideas and finally, by creating an 

environment where thinking is a valued classroom process. 

 In combination, these studies inform us about the teacher’s role for developing 

science concept formation, how specific science concepts can be achieved in a formal 

context, the educator’s pedagogical role for science concept formation in children’s 

lives, the importance of educator’s content knowledge in teaching science, the 

educators’ intentional teaching for science learning, considering children’s science 

knowledge for integrating the curriculum and scientific vocabulary, problem solving 

and thinking through science in formal educational settings in the early years context. 

However, not all of the aspects of science learning in early years’ education are covered.  

There are many more features that still need to be revealed to understand early 

childhood science education such as science and technology in early years, science in 

informal contexts, science learning with parents and how younger children learn 

science. 

Research into science learning has also been linked with technology. In the next 

section I examine the literature with regard to science and technology in the early years.  

Science and technology in early years:  

From the 1990s until the present, there have been many studies conducted 

regarding science and technology, particularly digital technology. In this section I focus 

on those studies that have provided understandings about science concept formation that 

utilise technology for learning science in early childhood.  For example, Fleer (1990) 

examined gender issues in early childhood science and technology learning, where 25 

pre-school children and 25 kindergarten children participated in a study with 

approximately equal number of boys and girls in each group. It was found that science 

and technology learning needed to be introduced in a socially contextualized manner so 

then gender stereotyping could be minimized. Further, Fleer and Beasley (1991) 
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investigated how young children learn science and technology during the teaching of 

science in pre-school (year one, two, three classrooms). The purpose of the study was to 

understand whether young children hold alternative views on scientific and 

technological phenomena as generally recognized by the scientific community and 

second to determine the techniques which change young children's understanding of 

scientific and technological phenomena. Children were taught about torches over four 

weeks and the teacher actively worked towards children obtaining a conceptual 

understanding of electricity. The researchers collected video data of the lessons each 

child was interviewed about their learning on torches after completion of the unit. It was 

found, if young children get the opportunity to engage in scientific tasks they are able to 

conceptualize sophisticated ideas such as electrical flow. This research drew attention 

towards researchers and educational practitioners re-thinking their research interests and 

a re-examination of general expectations and curriculum content. It is clear that 

teacher’s active involvement is important for improving children’s learning science and 

technology.  

In another study, Fleer (1995) researched the development of early childhood 

students scientific and technological ideas based on different types of teacher-child 

interactions in two early years classrooms. In this paper, it was examined how 

children’s scientific knowledge developed during a child’s life experience and 

interactions in the classroom. It was found that development of children’s scientific 

ideas were dependent on the variations in interaction. It was evident that the teacher’s 

role influences the teaching-learning process and the teacher’s individual approach to 

teaching science has an impact on conceptual change. When a constructive-destructive 

orientation in teaching is used, limited learning occurs. However, children learn science 

and technological concepts more readily when teacher-child interactions take place 

within a social context. Cosgrove and Schaverien (1996) designed a research context for 



28 
 

year four and year six children for improving science and technology knowledge in a 

formal context. They found that extended conversations of teachers help children to 

learn science and technology.  

The common ground for the studies reviewed is that children’s science and 

technology learning mostly depends on children’s engagement with the scientific task 

and the teachers’ interactions with children in classroom. All these studies inform us 

about research during the 1990s, whereas it is important to know how science learning 

occurs with modern technology in recent years.  

Science learning through digital technology is a relatively new dimension in 

preschool and kindergarten settings. Bers (2010) recommends that teachers and children 

use technology from the early years to teach science as this supports young children to 

become more capable users of technology. Therefore, it is understood that technology is 

important to introduce into the curriculum and can support useful pedagogies for 

learning science in early childhood education.  

Slowmation is one form of technology that can be used for this teaching-

learning approach in preschool and kindergartens (Hoban, 2007). Slowmation is used as 

a multimodal representation to explain a science concept by a student teacher or by a 

child (Hoban & Nielsen, 2012). It has been shown that teachers can apply slowmation 

as a form of intentional teaching to support children to explain science concepts (Fleer 

& Hoban, 2012). Many studies have shown that Slowmation as a research based 

teaching approach enhances children and teacher’s science knowledge, as well as 

supporting children’s learning regarding how to use digital technology in early 

childhood settings in general (Hoban, 2005; Hoban, 2007; Hoban, 2009; Hoban & 

Neilson, 2010; Hoban, Loughran, & Nielson, 2011). Engaging young children in 

making a Slowmation with early childhood teachers provides a context for supporting 
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concept formation and Slowmation provides a sense of purpose for exploring scientific 

concepts. 

What is common in the studies reviewed in the sections entitled, Science 

learning and science and technology in early years, is the growing research base 

regarding children’s science concept formation in children’s childcare centres, pre-

schools and kindergartens, these are formal settings. However, the way children learn 

science in informal settings, where science is embedded in everyday life is less well 

researched and understood. 

Science learning in informal settings: 

Informal science education plays a significant role in developing scientific 

knowledge in students’ lives (Baram-Tsabari & Yarden, 2005). For example, a case 

study conducted by Tytler (1998) investigated primary school children’s informal 

science conceptions in a social context. Tytler (1998) discovered that it was possible to 

develop science conceptions such as air pressure, in a social context. In recent years, 

informal science learning has gained more attention, particularly in contexts and places 

outside the school classroom (e.g. Aubusson, Griffin, & Kearney, 2012; Avraamidou, 

2014; Bell, Lewenstein, Shouse, & Feder, 2009; Fallik, Rosenfeld, & Eylon, 2013; 

Kearney, 2009; Osborne & Dillon, 2007; Stocklmayer, Rennie, & Gilbert, 2010), which 

is referred to as an informal science environment.  Through informal science 

environments, teachers can link science to everyday life. The informal science 

environments offers an exciting, motivating and free-choice learning space that are rich 

in resources for teaching science to children/students from pre-schooler age to year 12 

students.   

There are some studies promoting young children’s science learning through 

play based curriculum or play based settings. In a study by Baldwin, Adams and Kelly 

(2009), who examined how educators develop child friendly play based curriculum, 
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they found that science concepts were more easily learned when introduced in a way 

that followed the children’s interests. Fleer (2011a) developed a new theory of play 

namely conceptual play through analysing concepts from cultural-historical theory 

merged with an empirical study of three and half year old children. Fleer (2011a) argues 

that children’s concept formation can be enhanced more if teachers apply conceptual 

play in their play-based programs. Cakici and Bayir (2012) designed a study on 

children’s (10 to 11 years) role play in relation to science learning. The authors 

undertook a pre-test and post-test which included asking 16 open ended questions for 

understanding children’s views on the nature of science. The researchers portrayed a 

scientist’s life story through role play to the children after the pre-test. It was found that 

role play could be one of the exciting, informative and constructive ways of developing 

understanding of the nature of science among children.  

In another study, Chang (2012a) designed a study in which pre-service teachers 

developed lesson plans on science concepts focusing on drawing (e.g. life cycle of frog, 

physical characteristic of a bug) and seventy young children (four – seven years) took 

part in this research. The findings show that drawing facilitates young children’s 

acquisition of science concepts and the study also provides knowledge of how some 

young children feel less stressed during the acquisition of science concepts through 

drawing. More recently, Andree and Lager-Nyqvist (2013) investigated science learning 

through play in Year six classrooms, finding science learning is socially and culturally 

embedded in classroom and play and emerged as an integral aspect of classroom work 

in this study.  Students through play can enact scientific identities in which they can 

transform and transcend classroom practice in their science learning (Andree & Lager-

Nyqvist, 2013). Through this study, it can be argued that play can promote children’s 

science learning and here it is argued that play is one of the leading activities in 

children’s lives. 
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Some of the studies reviewed noted the importance of emphasizing children’s 

scientific learning through linking science to everyday activities. Watts and Walsh 

(1997) that argued science could be linked with everyday explanations otherwise the 

lessons are remote, disembodied, unrelated and alien to the children. Teachers need to 

have confidence and motivation to teach science relevant to everyday life, thus new 

generations will have the similar motivation to learn science (Watts & Walls, 1997). 

Pramling and Pramling Samuelsson (2010) researched one young child’s (three and half 

years) experiences with natural science. Interaction between the teacher and the child in 

the preschool environment were observed in relation to learning about natural science. It 

was assumed that a child gains experience in their regular natural context and this 

everyday experience will help to develop later scientific understanding. Wee (2012) 

provide evidence that there is a significant relationship between children’s everyday 

ideas and implications for science teaching and learning. Teachers need to understand 

the regular socio-cultural context of the child for teaching science in classroom settings. 

Zimmerman and Bell (2014) examined the prevalence and social construction of science 

in the everyday activities of multicultural, multilingual children in one urban 

community. Children (10-12 years) participated in school science activities, namely 

science activity tasks (SAT) as part of the project and experienced science in everyday 

activities in school, home, community and media. Through participating in these 

science activity tasks (SAT), it was found that children could connect science across the 

everyday settings in which they participate. It has been evident in this review that 

science learning needs to link with everyday ideas, which is fruitful for supporting 

children to understand science concepts in depth. 

Although the above studies provide vast knowledge on children’s science 

learning, either formal or informal settings, these empirical researchers neglect the 

parents’ role in children’s science concept formation. Family is the first institution for 
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children’s learning and development (Hedegaard & Fleer, 2008). There is some research 

found on family involvement for supporting the development of science concept 

formation in the early years. 

Families’ involvement in science learning:  

There are some studies on how the family can support children to develop their 

scientific knowledge. For example, Fleer (1996b) examined families who supported 

teaching science learning in childcare centres and found the linking between home and 

childcare for learning science is significant. Empirical data highlights the importance of 

parents’ involvement when children (two years eight months to four years ten months) 

experience learning science concepts in their everyday family life. Children learning 

from home can be extended in teaching situations at childcare settings. In another study, 

Fleer and Rillero (1999) reviewed the literature on family involvement in student 

science learning. They also analysed an existing program, which supported the teacher 

to develop student learning in science through family involvement. Evidence shows that 

children’s science achievement and attitude are more positive when supported by their 

parents or family involvement. One intervention project designed for primary school 

children and a corresponding family involvement in learning astronomy (Watts, 2000) 

found that children and family members were excited to attend this project and learn 

about astronomy. Parents and carers needed to learn about astronomy to help children 

succeed. In Riojas-Cortez, Huerta, Flores, Perez, & Clark’s (2008) research, home 

cultural practices have been examined for developing scientific literacy of pre-

schoolers. Parents were informed about scientific readiness knowledge that schools 

expect children to bring from home. Parents explained that they were involved with 

children in science related activities such as cooking, gardening and administering home 

remedies. It has been found that parents have an important role in the young child’s 

scientific literacy development. The authors claim that culturally relevant activities 
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enhance understandings of pre-schoolers’ science conceptual development and the 

development of scientific vocabulary. All these studies focus on family involvement in 

children’s science learning but parent’s engagement is linked with pre-school, 

kindergarten or primary school research projects. However, the interest in this research 

is based on how the family can independently contribute to children’s science learning. 

Zimmerman, McClain, and Crowl (2013) have investigated how families can 

use magnifying glasses for children’s science learning through nature walks in a nature 

centre. This research program is designed informally for visitors and the investigators 

suggest guided participation to support family activities while using magnifying glasses 

to learn about science concepts related to magnification. In guided participation, family 

members can help each other to use the magnifying glass specifically so that the young 

children can take part in the science practices with parents and elder siblings. They also 

focus on social interaction for learning science in these informal science learning 

activities. There are other studies regarding parents’ role with children’s (three to 15 

years old) science learning in science centres and museum (Crowley, Callanan, Jipson, 

Galco, Topping, & Shrager, 2001; McClain & Zimmerman, 2014; Zimmerman, 2012; 

Zimmerman, Perin, & Bell, 2010; Zimmerman, Reeve, & Bell, 2010) where parents 

prior experience relevant to science concepts as a conversational epistemic resource or 

relate to the science activity presented. According to these studies, parents shape and 

support children’s scientific thinking in their everyday life, parents promote children to 

display a form of science based knowledge. These studies show how parents contribute 

to their children’s science knowledge in a pre-designed formal setting (e.g. museum, 

science centre) can be supported. Therefore what does it mean for children to be 

learning science in the home environment or in other informal settings?  

In 2001, Hall and Schaverien (2001) conducted research on young Australian 

children who were six years old, the focus was on children learning to use science based 
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concepts and technology at home. Learning about science concepts and technology 

might be more fruitfully afforded if families involved their children in science more by 

providing resources, discussing and exploring scientific concepts collaboratively (Hall 

& Schaverien, 2001). Unfortunately, an analysis of the many science activities 

potentially afforded in everyday life did not feature in this study. Cumming (2003) has 

studied four to seven year old children’s science related food concepts in informal 

settings. The data were gathered from diaries of nine parents of the children and 42 

parents completed questionnaires. Children’s first-hand experience was considered, 

where relevant science concepts of food technology were introduced in this study. The 

study found that children might learn more scientifically correct information with digital 

technology through their friends and family, than when teachers were the only ones 

supporting the children. Children’s prior informal knowledge can support teachers for 

teaching science in the classroom. In Dewitt, Osborne, Archer, Dillon, Wills, & Wong 

(2013) undertook a longitudinal study where the development of primary grade 

students’ of science related aspirations and interests over time were researched. It was 

found that students’ aspirations and interests mostly related to parents positive attitude 

to science, attitude to school science, self-concept in science as well as the student’s 

gender, ethnicity and cultural capital. Dabney, Chakraverty, and Tai (2013) provide 

evidence on how doctoral students are influenced by family interest and family 

occupation for these science studies. These studies reflect that parent involvement, 

parent’s positive attitudes, and parent’s interest all influence children’s science learning 

or helps to develop children’s attitude to science. 

In the section above, the researchers studied three year old children to doctoral 

age students and highlighted the importance of family interest and influence when 

developing science concept formation. Here we can see a gap in the literature and pose 

the questions: What about science concept formation for infants-toddlers in everyday 
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activities, including play? What types of research is frequently undertaken to examine 

infants-toddlers development through everyday activities and play?  

Research on infants-toddlers’ everyday activities, play and science learnings: 

There are countless empirical studies related to young children’s development 

through play and everyday activities between 1980 and 2014. Here are some examples 

taken to show the research evidence, such as, Cohen & Tomlinson-Keasey, 1980 ; Field, 

Stefano, & Koewler,1982 ; Main,1983 ; Howes, Unger, & Seidner,1989; Moyles,1989 ; 

Rogoff & Morelli,1989; Rogoff, Mosier, Mistry, & Goncu,1989; Werebe and 

Baudonniere,1991; Tamis-LeMonda & Bornstein,1991; Mayer &Musatti,1992; 

Goncu,1993a; Goncu ,1993b; Tamis-LeMonda, Damast, & Bornstein,1994; Farver & 

Wimbarti,1995; Damast, TamisLeMonda, & Bornstein,1996; Caulfield, 1996;  

Lyytinen, Poikkeus, & Laakso,1997; Pierce,1999; Goncu, Mistry, & Moiser, 2000; 

Duncan & Tarulli, 2003; Fleer, 2004a; Ugaste, 2005; Larkin, 2006; Alcock, 2007; 

Lillard, 2007; Sandberg & Vaurinen, 2008,; Gray, 2009; Brooker, 2010; Fleer, 2011a; 

Fleer 2011b; Chen and Fleer, 2013; and Singer, 2013. These studies have individually 

focused on infants-toddlers-pre-schoolers various types of development through play or 

everyday activities such as cognitive development, language development, physical 

development, general child development, the developmental nature of play, 

development of inter-subjectivity, development on metacognition, communication 

development, the effect of relations in development, conceptual development, emotional 

development, development on learning rules and so on. However, infants-toddlers 

science learning and development through everyday activities including play are 

missing in this substantial body of literature. There are very few studies on infants-

toddlers science learning. Those found as discussed below. 

Forman (2010) conducted research on science experiments in the play events of 

two and three years old children. He argued that the children acted like scientists in play 
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events in their lives. It was concluded that children could develop their thinking as a 

scientist through play and there was no need for direct instruction into how to play. 

However, it has been recommended that children need older and equally curious play 

partners to make the play event more effective for becoming a scientist. This paper drew 

on the actual play event and the reflections of the author for interpreting the event. 

There were limited references to build this argument. It seems the researcher would like 

to follow the child’s interests only and did not consider the child’s development in 

relation to other peoples or material world. Conversely, it is important to consider the 

child’s everyday play or life in relation to his/her social situation, culture, environment, 

interactions with adults and peers. As Howe (1996) recommends, a child needs to be 

considered not as a solitary thinker but rather the child must be viewed as being in a 

social context, where everyday concepts are integrated into a system of relational 

concepts through interaction, negotiation and sharing. 

In another study, Gopnik (2012) studied scientific thinking in young children. 

The author argued that very young children (from two years) have scientific intelligence 

this comes from what they have gained from everyday thinking and learning. Children 

analyse their experiences and revise their representations on the basis of everyday 

experience, as scientists do. Gopnik (2012) has used Probalistic models and Bayesian 

inference for deriving children’s learning mechanism in relation to science. Probabilistic 

models create accurate and comprehensive predictions about children’s learning. 

Bayesian methods determine the probability of possibilities. It was found that children’s 

exploratory and pretend play also support very young children’s (from two years) 

demonstrated scientific intelligence along with everyday thinking. Inquiry based science 

education is based on children’s science experience in their early age. This quantitative 

study provides knowledge only on scientific thinking or intelligence of young children. 
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It does not illustrate the overall understanding on how scientific concepts formation 

occurs in everyday life at home for toddlers.   

One study that focused on toddlers’ science learning was found, it was situated 

in a formal settings. In this article, Yoon and Onchwari (2006) discuss three key points 

for teachings science to young children. They identified toddler play environments 

where science opportunities existed and they noted that learning is maximized if 

teachers have 1) knowledge of child development and learning, (2) knowledge of 

individual differences and (3) knowledge of the social cultural context in which children 

live. In addition, the authors argue that teachers need to involve children in the 5Es 

Instructional model: Engaging, Exploring, Explaining, Extending and Evaluating. The 

researcher provided a sample science lesson but did not discuss the details of the case 

examples in which toddler’s science learning could be developed in a family home 

context.   

The early childhood studies reviewed above, strongly recommend a need for 

considering the importance of children’s learning and development of science at an 

early age. However, very few studies have focussed on infants-toddlers learning 

science, in particular there is a big gap in understanding the overall context for science 

learning at the infants-toddlers age. It is argued that framing research within meaningful 

social contexts, where authentic understandings of young children’s thinking in science 

can be gained, is urgently needed (Fleer, 2009a).  

The aim of my study is to understand infants-toddlers in a holistic way in the 

learning of science in everyday contexts at home. Understanding the child in a holistic 

way means to reveal the child’s thinking from an individual perspective, as well as from 

a social situation or orientation. As Hedegaard and Fleer (2008) recommends, a child 

needs to be studied in daily life across different institutional settings and arenas from all 

three perspectives (individual, institutional and social). In my thesis, infants-toddlers 
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have been studied through their everyday activities including play in individual 

contexts, family contexts (institutional) and the social context, in order to understand 

their science learning and development. Scientific concepts are cultural acts (Wells, 

2008) and children’s scientific thinking within a sociocultural context must be 

broadened from an individual to the social context in which the individual is situated 

(Fleer & Robbin, 2003). 

In studying children in a holistic way, it is necessary to study the socio-cultural 

context so as to understand the overall views of a child (see Howe, 1996; Fleer & 

Robbin, 2003; Ravanis, Koliopoulous, & Hadzigeorgiou, 2004; Martin, Jean-Sigur, & 

Schimdt, 2005; Robbins, 2003, 2009; Siry & Lang, 2010; Siry, 2013; and Fleer & 

Pramling, 2015).  However, in the past children’s science has tended to be dominated by 

Piagetian theory (Piaget, 1972) and the theory of constructivism (see Driver, Guense, & 

Tiberghien, 1985; Osborne & Freyberg, 1985; Watters & Diezmann, 1998; and White, 

1988) from 1970s to 1990s. According to constructivism, “children’s science is resistant 

to external suggestions, deep within the child’s thought, age specific, maintained in 

children’s consciousness over several years, the child’s first answer” (Fleer & Pramling, 

2015, p. 9). It reflects that the child is understood only from the individual perspective, 

as Vygotsky argues, children’s experience is considered as a “mosaic of mental life 

developed comprised of separate pieces of experience, a grandiose atomistic picture of 

the dismembered human mind” (Vygotsky, 1997b, p. 4). The trend of learning science 

in children’s everyday life has been changed from individual learning experiences 

though to personal interaction with the physical environment towards a collective 

learning experience where social and cultural influences are key (Driver, 1989). “A 

cultural-historical reading of science education would position science as a form of 

cultural knowledge that is historically and collectively formed and understood, rather 

than as something that is located within the individual” (Fleer & Pramling, 2015, P. 10). 
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The research design of this project was created to provide ways of revealing and 

reflecting upon infants-toddlers science concept formation within everyday societal 

conditions as part of family practices. Therefore, the main research question of the study 

has been developed on the basis of the general literature reviewed in this chapter which 

is: What conditions are created in the everyday family life for the development of 

infants-toddlers’ (ten to thirty six months) science concept formation? 

Through this research question, this study will try to fill the gap in early years 

science education in the context of everyday family life, where a holistic perspective on 

learning and development in science is central. 

Conclusion 

Throughout this chapter the focus has been on how children’s science learning 

has been explored. This review of the literature provides an understanding of the 

existing research into children’s science learning and development and the gaps that this 

study seeks to address. As discussed in this chapter, children’s science learning is 

researched mainly in formal contexts from the age of three years and above, few studies 

focus on informal contexts and family involvement. There was almost no literature 

located at the infants-toddlers level except for Forman (2010), Gopnik (2012), and 

Yoon and Onchwari (2006). Thus, it is most significant to explore the family’s 

involvement in the development of infants-toddlers science learning in the family home. 

The reviewed literature also provides the rationale to study children from the cultural-

historical perspective, which leads to the child being studied in a holistic way. 

Therefore, this study addresses the gaps in the current science literature at an early age 

by using cultural-historical theory to provide a theorisation of the holistic way of 

infants-toddlers science learning and development in the family home context. The next 

chapter will discuss the methodology used to attain this. 
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Chapter 3: Methodology 

 “Understanding child development as a dialectical unit of two essentially different 

orders, it sees the basic problem of research to be a thorough study of the one order 

and the other and a study of the laws of their merging at each age level” 

(Vygotsky, 1997b, p. 22). 

Introduction 

The purpose of this chapter is to justify why I have selected cultural-historical 

research methodology in each phase of the project. “A methodology for studying 

children’s development in everyday settings has to use methods, where the 

methodology focuses on children’s motives, projects, intentional actions and 

interpretation” (Hedegaard & Fleer, 2008, p. 5). This chapter draws connections 

between the cultural-historical theory and methods and brings new insights to 

understand the cultural-historical research methodology that animate Vygotsky’s 

philosophy. Veresov (2014a) terms cultural-historical theory a developmental theory 

where development is a dialectical process of qualitative change. In cultural-historical 

research methodology, the researcher can observe and analyse children’s development 

at each age in a particular manner (Vygotsky, 1997b).  A research methodology based 

on theory informs us about what we do in practice (Tudge, 2008). The following 

sections focus on how cultural-historical theory orientates the research methodology of 

this study.  

Cultural-historical research methodology 

Dialectical-Interactive research: A wholeness approach. 

In cultural-historical research, child development is studied as a whole. The 

study design of this research project has been shaped by my understanding on the 
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readings of Vygotsky (1987, 1997a, 1997b), Hedegaard and Fleer (2008), Fleer and 

Ridgway (2014) and Veresov (2014a, 2014b). Applying Vygotsky’s (1997a, 1997b) 

philosophy is to learn about children’s development in everyday settings. Through 

digital technology a contemporary method has been used (Fleer & Ridgway, 2014). 

This provides a context for explaining the cultural-historical research methodology in a 

dialectical way (Hedegaard & Fleer, 2008). 

Cultural-historical research provides a lens for the researcher to understand child 

development (Veresov, 2014b) in everyday settings. In the development of the child, the 

biological and cultural development of behaviour represents a child’s mental 

development and cultural –historical research methodology mainly focuses on the 

cultural development of the child (Vygotsky, 1997b). Vygotsky (1997b) describes 

cultural development as follows: 

Culture creates special forms of behaviour, it modifies the activity of mental 

functions, it constructs new superstructures in the developing system of human 

behaviour. This is a basic fact confirmed for us by every page of the psychology of 

primitive man, which studies cultural-psychological development in its pure, isolated 

form. In the process of historical development, social man changes the methods and 

devices of his behaviour, transform natural instincts and functions, and develop and 

create new forms of behaviour-specifically cultural. (p. 18) 

According to a cultural-historical methodology, “child development is a 

dialectical process between the child and their social and material world as a form of 

cultural development” (Fleer, 2014, p. 19). Veresov (2014b) extends this by saying that 

child development is a social-cultural process where every higher mental function 

originated in the social environment. In line with the cultural-historical methodology, 

my study focuses on child development and in particular, the process of young 
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children’s science concept formation. As supported by Veresov (2014a), cultural-

historical theory explores child development as a process for qualitative changes. 

In the next four chapters, I have answered subsidiary research questions under 

the main research problem of this project. I have used particular concepts from cultural-

historical theory for analysing the data to understand young children’s development in 

science. A theoretical gaze is important to the researcher for understanding each phase 

of the research design, such as the research problem, the methods, the data collection, 

and the data analysis (Hedegaard & Fleer, 2008; Fleer & Ridgway, 2014).  Cultural-

historical theory is a unique system of interconnected instruments for realising the 

analysis of the process of development in its wholeness and complexity (Veresov, 

2014a). In addition, child development can be studied from individual trajectories 

through to sociocultural contexts (Veresov, 2014b). According to Vygotsky it can be 

said, the methodology of this research permeates the whole exposition of the child 

(Vygotsky, 1997b). From the point of the whole exposition of the child, cultural-

historical theory refers to the complex process of development of higher mental 

functions (Veresov, 2014a). “Development is always a very complex and contradictory 

process but first of all, it is a dialectical process of qualitative change” (Veresov, 2014a, 

p. 132).  

In cultural-historical research methodology, the researcher can investigate how 

children contribute to their own developmental conditions and at the same time, 

perspectives of others that illuminate the societal and the institutional conditions that 

create a child’s social situation should also be studied (Hedegaard & Fleer, 2008). 

Moreover, in cultural-historical research, the researcher is positioned within the activity 

as a partner with the researched person (Hedegaard & Fleer, 2008, p. 30). Therefore, 

considering the relations of all these perspectives, this type of research uses a 

dialectical-interactive view of research. This dynamic methodology for researching 
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children’s learning and development provides a way to include the child’s perspective in 

research alongside the cultural-historical practices in which they live and learn (e.g. 

family practice) and the researcher’s motives and goals for the study (Hedegaard & 

Fleer, 2008). In each phase of my thesis, I have used a dialectical-interactive view of 

research under the broad umbrella of a cultural-historical research methodology. 

Hedegaard (2008a) provides differences between traditional experimental research of a 

child’s functioning (a descriptive approach) and a cultural-historical research approach 

where a dialectical-interactive method is used. This is shown in Table 1. 

Table 1  

Main differences between a descriptive approach and a dialectical-interactive research 

approach (Source: Hedegaard, 2008a, p. 35) 

Research  

Method        

Research 

Principles      

Knowledge  

form    

  Knowledge  

   content 

Descriptive methods 

Laboratory 

Experiment 

 

Control Groups 

Blind test design                                             

Empirical General laws of  

children’s psychic                                         

functioning 

Observation ‘Fly on the wall’ 

One way screen 

Empirical/ 

narrative 

Description of children in 

actual, local situations 

Interview Non-leading 

questions/ 

Clinical interview 

Narrative Description of children’s 

perspective 

Dialectical-interactive methods 

Experiment as 

intervention into 

everyday practices 

Theoretical planned 

interventions into local 

practice 

Dialectical- 

theoretical 

General conditions for 

children’s activity in local 

situations 
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Interaction-based 

observation 

Participation in shared 

activities 

Activity partners 

Dialectical- 

theoretical 

Diversity in conditions for 

children’s activity in local 

situations 

 

Interview as 

experiment 

Leading and provoking 

questions 

Communication 

partners 

Dialectical- 

theoretical 

Relations between 

conditions and children’s 

perspectives 

 

I have used a dialectical-interactive method in each phase of my project. The 

main research problem of my project is to learn what about the conditions in everyday 

family life that support the development of infants-toddlers’ (ten to thirty six months) 

science concept formation. Following a dialectical-interactive approach, the central 

focus is studying the conditions in everyday practice. I have one main research question 

shadowed by seven subsidiary questions presented in the next four chapters. I have 

discussed different conditions for the development of infants-toddlers science concept 

formation in their everyday family life. It is noted here, parents create the conditions for 

scientific concept formation in their infants-toddlers and artificial conditions were not 

created. The findings chapters (Chapter 4, 5, 6, and 7) explain details about the 

conditions in the study design. 

Parents’ creating new conditions in everyday practice is considered an 

experiment in a dialectical-interactive approach however this is not a traditional 

laboratory experiment (Hedegaard, 2008a). For the concrete experimental study in 

cultural-historical research, two research questions need to be answered: “What to 

study?” and “How to study?” (Veresov, 2014a, p. 137). ‘What’ questions cover 
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potentially the exact psychological process of functions in the course of an experiment 

and which aspect of the processes of development of this psychological function the 

researcher is going to analyse. ‘How’ questions explain the researcher’s selection of 

theoretical concepts, this selection is based on ‘what questions’ which reflect the 

selected aspects of development. Based on the questions in my research, I have 

investigated the process of science concept development in infants-toddlers everyday 

life. 

In the following four chapters (Chapter 4, 5, 6, and 7), I have discussed relevant 

concepts from cultural-historical theory in relation to the seven subsidiary research 

questions. Here I have addressed the research questions based on theory, in addition, the 

theoretical concepts were used to guide the study with the parents before the data 

collection process have been discussed. This method is typical of the dialectical-

interactive approach emphasized by Hedegaard (2008a). In chapter four, I have tried to 

find out the possibilities of science concept development of infants-toddlers in their 

everyday context and new dialectical-theoretical knowledge has been formed. Chapter 

five explains the interactive role of parents and children in shared everyday activities for 

developing science concept formation. The dynamic aspects of motives are discussed 

and related to the development of science concept formation in infants-toddlers play and 

this is extended further in chapter six. In chapter seven, parent interviews gained 

through leading and provoking questions are presented. This approach confirms the 

interview as an experiment in a dialectical-interactive approach for undertaking research 

(Hedegaard & Fleer, 2008). 

Similarly, Hedegaard (2008a) suggests that the dialectical-interactive approach 

allows for the conditions and the child’s development to be conceptualised as a whole 

and thereby the research problem becomes connected to how well the researcher in his 

or her conceptualisation can theorise the different perspectives. A wholeness approach 
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to studying children should encompass daily life across different institutional (e.g. 

family, school) settings and arenas from all three perspectives, which include societal, 

institutional and the individual (Hedegaard & Fleer, 2008). 

In my research, I have studied the whole picture of family practices. This 

includes different play and activities (e.g. collaborative play, shared activities), activity 

settings (e.g. play corner inside home, outside play, cooking space, bed time story) and 

regular activities (e.g. meal time, sleep time) of the family context. In the overall 

settings from a cultural-historical background I have tried to find out the qualitative 

changes for the development of young children’s science concept formation. According 

to the dialectical-interactive method, the research is based on a conceptual model of 

children’s activity settings in relation to practice traditions, where it is possible to 

follow changes in practices and activity settings over time and identify qualitative 

changes (Hedegaard & Fleer, 2008). Furthermore, I have tried to see the whole picture 

of family practice from all three perspectives, which are societal, institutional and the 

individual so that I can research the infants-toddlers development of science concept 

formation as a whole, which is the main point of the cultural-historical research. I have 

derived a diagram (figure 2) from Hedegaard and Fleer (2008) relating to my research 

design as follows: 
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Figure 2. The development of scientific concepts through everyday activities in family 

practices. (Adapted from Hedegaard & Fleer, 2008) 

According to my research design, the family’s (as an institution) every day 

activities lead to the development of scientific concepts because “children’s 

development takes place through participating in societal institutions and a child’s 

development can be thought of as a qualitative change in his or her motive and 

competences, and development can also be connected to the change in the child’s social 

situation” (Hedegaard & Fleer, 2008, p. 11). In chapter seven, I have discussed details 

about children’s social situation of development in relation to their science concept 

formation. Vygotsky (1998) emphasizes that a child’s social situation of development 

changes because of several reasons such as the age period, family culture and the 

societal context. Thus, the child’s particular development depends on how the child’s 

social situation is created (Hedegaard & Fleer, 2008). Looking at the three perspectives 

(individual, institutional, and societal) of the child’s social situations provides the 
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opportunity to examine the qualitative changes in children’s science concept formation 

of infants-toddlers. “The cultural-historical methodology provides opportunities to 

generate processes of development by creating various types of social conditions and 

social situations of development for children” (Veresov, 2014b, p. 227). 

Cultural-historical case study. 

“Finding a method is one of the most important tasks of the researcher” 

(Vygotsky, 1997b, p. 27). For my research, I study three individual children in their 

everyday settings and how these children’s everyday activity leads to the development 

of scientific concepts. According to a case study method, the case can only be studied or 

understood in context (Gillham, 2000). I have studied children’s regular activities in 

their everyday context. In addition, the case study approach is appropriate for 

descriptive questions (e.g. what questions) or explanatory questions (e.g. how 

questions) (Gay, Mills, & Airasian, 2009). As I have discussed previously in chapter 

one, my research questions are framed as ‘what questions’ or ‘how questions’.  Case 

study research provides evidence based on qualitative approaches, which include a deep 

understanding of the research (Gillham, 2000).  

 Yin and Davis (2007) describe the use of the case study approach as 

understanding encompassed with important contextual conditions of real life contexts 

that are presented in depth of the contexts. According to Yin (2009, p. 18), a case study 

is an empirical enquiry that “investigates a contemporary phenomenon in depth and 

within its real-life context”. 

The study focuses on the detailed investigation of three families as a collective 

case study, in the Bangladeshi-Singapore and the Bangladeshi-Australian cultural 

group, using the dialectical-interactive framework.  Since I am Bangladeshi, I have 

chosen a Bangladeshi family, as I understand their culture as I have life long experience 

within this culture. The main research question of this cultural-historical case study is to 
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explore what conditions are created in the everyday family life for the development of 

infants-toddlers’ (ten to thirty six months) science concept formation. The main research 

question and all other subsidiary research questions are identified regarding regular 

activities, play activities and social interactions in the family context in relation to the 

development of science concept formation of infants-toddlers.  

In my research, I take a participant observation approach in the context of a case 

study because in observational studies, investigators are able to discern ongoing 

behaviour as it occurs and because case study observations take place over an extended 

period of time, thus allowing the researcher to develop more intimate and informal 

relationships with those they are observing, generally in natural environments (Bailey, 

1994, as cited in Cohen, 2007). With this, according to a cultural-historical approach, 

“the researcher as a scientist has to conceptualise her own participation (motives, 

projects and intention) as part of the researched activities” (Hedegaard & Fleer, 2008, p. 

202). I am an active participant in my study design in line with cultural-historical 

theory. 

“Sampling is about choosing exactly what sources you will collect data from – 

what places you will visit, what events you will attend, which people or organizations 

you will talk to and so on” (Newing, 2010, p.65). I have selected targeted (also known 

as purposive) sampling for my project as I look for individuals who are most relevant to 

my study (Newing, 2010). My intention is to study children of Bangladeshi-Australian 

and Bangladeshi-Singaporean families who are culturally and historically from 

Bangladesh. Targeting families who align with my own cultural origins from 

Bangladesh, means it would be easy for me to enter the daily settings of the researched 

person and understand the culture of family activities.  

The aim of the sampling design in qualitative research should be to make sure 

that “enough data is gathered to give an accurate understanding of the issue under 
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investigation and the different perspectives that are present in the study population” 

(Newing, 2010, p. 75). Considering the aim of the sampling design, I think three 

children from three Bangladeshi-Australian and Bangladeshi-Singaporean families is 

enough for gathering data to get an accurate understanding for solving my research 

questions. I have conceptualised a diagram (Figure 3) from the institutional perspective 

below, showing my understanding of the case study approach from the theoretical 

perspective of cultural-historical research: 

 

 Figure 3. Cultural-historical research: The case study approach. (Adapted from 

Hedegaard & Fleer, 2008)  

 According to Figure three, the researcher as an active participant observer 

focuses on three families’ everyday contexts in relation to everyday activities, play 

activities and cultural context and analyses how these contexts create conditions for 

infants-toddlers science concept formation from an individual trajectory within the 
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institution of the family. In the next section, I will discuss in detail the researcher’s 

position in cultural-historical research methodology. 

Role of the researcher. 

In qualitative studies, some scholars (Atkinson & Hammersley, 1994; Flick, 

2006; Silverman, 2006) designate the researcher’s position as participant observer 

whereas other researchers (Erickson, 1996; Johnstone, 2007) label the word as 

observant participant. Both terms provide the idea that the researcher takes part in 

research activities as an inside observer. In cultural-historical research, the researcher is 

positioned within the activity as a partner with the researched person and the researcher 

always has to keep the aim of the research in mind when entering the research settings 

(Hedegaard & Fleer, 2008). Hedegaard & Fleer (2008) describes the researcher’s 

position as a double role as: 

The double-ness of the researcher in the research situation-both as a researcher and 

as having a personal relationship to children and adults in the setting-can also be 

viewed in the same way when making interpretation of the protocols, where the 

researcher seeks meaning in relation to both roles. (p. 205) 

In my study, I have explained my position as involving multiple roles. When 

collecting data from the family contexts, I have participated as a secondary participant 

in these contexts. As a secondary participant, I built good relationships with the families 

and in particular with the children in order to have a strong understanding of their 

everyday context. In some cases I played with children as an active participant 

according to the cultural obligations and demands of being in a Bangladeshi home.  In 

this situation, I created the conditions for the research by acting in the expected cultural 

manner, whilst also acting as a researcher gathering data in the home context. I was a 

primary participant in this context. The roles I took were made clear in both the data 

collection phase and during the analysis phase where I indicated when I was acting in a 
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lead role with the children or when a secondary participant observer. In each context, 

the research aim was kept in mind when participating as a primary or secondary 

participant and as a research professional while analysing data. In addition, I have 

analysed data at my research desk as a professional researcher. So I have multiple 

positions in my project, which is visualized in the following diagram: 

 

Figure 4. Multiple role of the researcher. (Adapted from Hedegaard & Fleer, 2008) 

In a cultural-historical research framework, the researcher always considers the 

participants’ perspectives, especially while collecting data in the context of the family 

home, where it is necessary to consider minimising the power position held between the 

researcher and the participants.  

The next section will outline the digital methods I have used in this study in 

order to carry out research consistent with the cultural-historical research methodology 

described above. 

Digital tools in Cultural-historical research. 

Fleer (2008b) states, 
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Research using digital video and computer technologies provides a useful framework 

for a dialectical-interactive research approach and as the aim of the cultural-historical 

research is to study children in everyday settings in their social situation, it is 

important to examine the different perspectives of the participants being observed. 

(p. 104) 

Flicks (2006) extends that visual data provides important input in the collection 

of qualitative research. Fleer (2014) argues that using digital tools are worthless without 

theoretical understanding.  Being a researcher in a cultural-historical study, I have used 

digital tools, which include a video camera, a still camera and an audio recorder in my 

project. In particular, “visual methodology within cultural-historical framework creates 

the conditions for the researcher to be an insider of the research setting in order to 

investigate young children’s activities and engage in the social practices of everyday 

life” (Veresov, 2014b, p. 225). As I have already discussed the researcher’s role in my 

study and using visual methodology as a researcher, provides the opportunity to 

understand the research context in-depth as an insider of the research setting. 

The uniqueness of using digital visual tools within cultural-historical framework 

is that it exposes and uncovers the process of development (Veresov, 2014b). Fleer 

(2014, p. 20) contends that “digital video observations provide detailed accounts of 

how, in everyday life, cultural development is shaped by and shapes the social situations 

that the child find themselves in”.  In my study, I have used digital video tools for 

collecting the details of activities that focus on children’s everyday life such as sleep 

time, shower time, story time, wake up time, meal time, play activities and transition 

periods. Digital video tools provide opportunities to explore the process of child 

development, but also analyse the process of child development in its dynamic and 

complex state (Veresov, 2014a). The specific methodological discussion regarding 

using digital tools (e.g. video camera for collecting children’s everyday activities, audio 
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recorder for parents’ interview) has been continued in next four chapters (Chapter 4, 5, 

6, and 7) as part of the publications included in this thesis. 

Moreover, Fleer (2008b) discusses that digital video observations make it 

possible to look at different perspectives (individual, institutional, and societal) visually 

through video clips and to discuss these observations with participants either informally 

or more formally with interview questions. Regarding this view in my mind, I have 

interviewed the parents to find out the things that the researchers were unable to observe 

themselves (Stake, 2010). In a cultural-historical research study, the interview process is 

not like asking questions and answers but rather shared knowledge construction and 

deconstruction between two persons while dialoguing (Hviid, 2008). I have discussed 

with the parents in this study their thinking and their intentions when interacting with 

their children in particular activities when collecting video data.  The following table 2 

shows the details of the research participants and the quantity of data I have collected in 

my project. 

Table 2  

Details of sample and data gathering 

Particip

ants 

Age 

Period 

Location Data 

Gathering 

tools 

Times of 

visit 

Hours 

of 

video 

data  

Interview of Parents 

Family 

one-

Jhumki 

23 

months 

to 28 

months

Singapore Video 

camera,  

still 

camera 

15 times 6 hours One final interview 

after viewing the 

data (field notes). 

Parent was 

interviewed about 
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= 6 

months 

the activity during 

each visit (field 

notes). 

Family 

two-

Barnan 

10 

months 

to 13 

months

= 

4 

months 

Australia Video 

camera,  

still 

camera, 

voice 

recorder 

11 times 12hours 

12min 

19sec 

One final interview 

after viewing the 

data (video 

camera). Parent was 

interviewed about 

the activity during 

each visit (voice 

recorder or field 

notes). 

Family 

three -

Joy 

30 

months 

to 36 

months

=7 

months 

Australia Video 

camera,  

still 

camera, 

voice 

recorder 

10 times 11hours 

42 sec 

One final interview 

after viewing the 

data (video 

camera). Parent was 

interviewed about 

the activity during 

each visit (voice 

recorder or field 

notes). 
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     Total 

video 

data= 

29 

hours 

13 min  

Three final 

interviews and 

several small 

interviews in 

relation to 

activities. 

 

The whole data gathering process was completed over a one-year period. Two 

cameras were used for video observations where one was in a stationary position and 

the other one was used for taking close observations, often in the hand of the researcher 

who followed the children during activities undertaken. One volunteer research assistant 

was involved with supporting the researcher in gathering the video data. Occasionally 

the parents also collected video data, such as during sleep time or over weekends. A 

total of 30 hours of video data were collected from three children’s everyday life. Parent 

participants collected a total of five hours of video data and the researchers gathered the 

rest of the data. One hour forty-four minutes of videos and one hour twelve minutes of 

audio interviews with parents and necessary field notes have been gathered over one 

year. The interview questions were developed from a cultural-historical perspective of 

child development, specifically focussing on scientific concept development in their 

everyday life. 

Data Analysis. 

I have collected qualitative data in my research, and qualitative data are 

essentially meaningful but diverse (Gibbs, 2007). Vygotsky’s analysis of children’s 

learning and development, while not a complete explication of these phenomena, 
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provides some methodological insight (Holzman, 2009). As I have discussed, I am 

looking at the process of infants-toddlers development in science concept formation, the 

process of development has two forms, which are lower forms and higher forms. 

Vygotsky (1997b) describes:  

To understand the process of development of higher mental forms we have to learn 

the nature of movement of lower or simpler forms and no higher form of behaviour 

is possible without lower forms, but the presence of lower or secondary forms does 

not exhaust the essence of the main form. (Paraphrase from p. 82)  

Following Vygotsky’s philosophy, I have analysed the data from the lower 

forms of behaviour of infants-toddlers to higher forms of behaviour for understanding 

the development of higher mental function in science concept formation. In particular, 

chapter five explains infants-toddlers development of higher mental function from real 

forms to ideal forms and chapter six describes the mental progression over time in 

science concept formation. 

In a cultural-historical theorisation of researching with young children, 

Quinones and Fleer (2011) create the methodological tool of Visual Vivencias for 

studying children aged three years and younger which conceptualises both the theory 

and the tool of capturing young children’s everyday settings. Visual Vivencias is “an 

analytical tool to further understand visually the child’s emotional experience of the 

event” (Quinones & Fleer, 2011, p. 123). Visual Vivencias supports the researcher in 

the following way (Quinones & Fleer, 2011): 

• Dynamically visually documenting the “alive” experiences of the child and 

the social environment such as the relationships the child is living in those 

moments of time. 

• Dynamically showing the young child’s united thinking and emotion through 

his social interactions towards others. 
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• The child’s making meaning and sense of events through subjective 

components, configurations and productions. 

• Researcher’s subjective sense and interpretation of the events (scenarios, 

social life of the child). (pp. 114-115) 

Since I am completing research on children aged 10 to 36 months, Visual 

Vivencias is an appropriate tool for interpreting the data. Through analysing data, I have 

tried to make relations between my theoretical understanding and the actual practices to 

achieve the aim of my research. In addition, I have visited and revisited children’s 

emotional expressions, activities and interactions with adults repeating the process to 

understand the data and to answer my research questions. Visual Vivencias provides me 

with insight into understanding the research context from the child’s perspective. As 

supported by Li (2014), visual analysis supports the researcher to understand the data 

dialectically from the simple to the complex, where the researcher can interpret the data 

from different perspectives. 

I have also used Hedegaard’s (2008b) holistic approach to interpret my data. 

Hedegaard (2008b) outlines three ways of interpreting data, which are 1) common sense 

interpretation, 2) situated practice interpretation and 3) interpretation on a thematic 

level. First, the researcher interprets the visual data using his/her common sense in 

relation to research aims. Then the researcher analyses the video data with a 

theoretical understanding, which is situated practice interpretation. Finally, the 

researcher bridges the theory and the practice in video data for answering the research 

questions.  I have used visual Vivencias for developing a data table (see Appendix A: 

Table 5) and three levels of interpretations for analysing data. In addition, Sikder and 

Fleer (2015a) form four categories of small science concepts, which conceptualise both 

the theory and the tool for studying infants-toddlers everyday science moments (see 

Chapter 5 for analysing the table as an analytical framework). The analytical framework 
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that was used to determine the science moments in this study (Chapter five) is shown in 

Table 3 below. 

Table 3 

Analytical framework for identifying small science categories in infants-toddlers life 

(Sikder and Fleer, 2015a) 

Categories of   

Small science 

Activity Settings Every day 

concepts 

Scientific concepts 

Multiple 

possibilities for 

small science 

 

Preparation of 

snacks 

1. Mixing 

ingredients 

2. Follow the 

instructions 

4. Cooking 

5. Concept of 

shapes 

 

 

1.Force (push hard, 

press, roll) 

2.Correlation 

3.Properties 

4.Change of state of 

matter 

5.Heating and Cooling 

continuum 

Discreet 

Science 

Concepts 

 

Mirror play Identification of  

body parts 

Human body 

Embedded 

Science 

1. Day time  Everyday 

experience of day, 

1. Light and Dark 

2. Air 
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 2. Night time 

(switch on-

off) 

3. Breathing 

night  and 

breathing 

 

3. Breathing 

process 

 

Counter 

Intuitive 

Science 

 

1. Sunrise and 

sun set 

2. Moon 

follows me 

Historical 

development of 

knowledge 

3. Solar system 

(Earth is moving 

The position of earth in 

the universe) 

 

In the four chapters that follow, I have provided details of the data analysis using 

Visual Vivencias, three levels of interpretations and the analytical framework (Table 3) 

for identifying small science categories in infants-toddlers life (Sikder and Fleer, 

2015a). 

Ethical Issues 

A basic concept in qualitative research is trust (Boeije, 2010). Boeije (2010, p. 

44) adds, “Researchers have to consider the moral accuracy of their research activities 

in relation to the people they meet along the way, such as participants, hosts, funders, 

colleagues and parties who are likely to encounter the implications of the research". 

Since I have studied children and their family context, it is mandatory for me to give 

attention to ethical issues where voluntary participation, privacy and confidentiality are 

important. Therefore, I gained ethical approval (see Appendix B) from Monash 

University Human Research Ethics Committee before my data collection. In addition, I 

have visited four to five times the participant’s family home before starting data 

collection as I wanted to build trustworthy and friendly relationship with the children. 
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Thus, children may not feel any stranger anxiety during data collection process. For 

example, when I have visited the participants’ home I played with children for 10 to 15 

minutes. I have also showed them my cameras (video and still) and how the cameras 

can be operated as children are very curious about digital technology. For studying 

young children, developing trustworthy and friendly relationship with children is 

essential to undertake before starting to collect data. 

The approved consent forms were signed by participants for involvement in the 

research assuring voluntary participation and confidentiality. Moreover, for privacy, I 

have used pseudonyms and removed any identifying information that may guide others 

to recognize the participants. Furthermore, in interview sessions, if any participants did 

not wish to answer or wanted to avoid any questions, I respected their wishes at all 

times. As suggested by Mayne and Howitt (2014), the ethical documents (e.g. informed 

consent, institutional ethics approval) does not protect a vulnerable participant, rather 

the key to ethical reporting is to present researcher and participant while they engage in 

a sensitive and ongoing dialogue during participation. Finally, during video 

observations if any child felt any discomfort or any other issue arising from the 

situation, I stopped video observations at that moment. Although the ethics report is a 

small part of a study, it enacts genuine ethical principles at the heart of the project 

(Mayne & Howitt, 2014). In each paper (Chapter 4, 5, 6, & 7), ethical principles have 

been reflected on consistently.  

Conclusion 

Following the dialectical-interactive research framework provided me with 

deeper understanding of a cultural-historical research methodology as a whole. In a 

cultural-historical research study, the researcher always needs to consider the child’s 

perspective either during data collection time or data interpretation at the desk. The 

theoretical gaze of the researcher creates the conditions for the research settings. Digital 
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video tools have an exclusive role for data collection and data interpretation for 

understanding the specific development of young children.  A cultural-historical 

research methodology informs my new understandings of the institutional practice 

(family) of the development of infants-toddlers science concept formation. The next 

four chapters present detailed findings and discussions of data along with extensive 

literature reviews and theoretical framework, which have framed the four publications 

in this thesis.  
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Part II: Thesis Including Published Works 
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Chapter 4: Small Science in Everyday Life 

“The word is almost always ready when the concept is ready”. 

(Tolstoy, ibid, as cited in Vygotsky 1987, p. 241) 

Overview of thesis including published works 

The PhD thesis (including publications), invites the candidate to create a 

systematic plan of how to present the findings across a set of published papers. When I 

started to plan for the writing of articles, as part of thesis including publications, I had to 

consider a number of things. First, how many papers I would need to develop during the 

PhD candidature period? What would be the specific outcomes of the research to be 

reported in each paper? Which journal is most relevant for publishing my research 

project? Considering these questions, I have re-organized the sequence of subsidiary 

research questions and categorized the questions to tell the story of the writing process 

of four papers, which are all in line with the central research question of my study. 

Next, I have linked the data and the subsidiary research questions in relation to the 

development of each particular paper or book chapter. The sequence of the papers 

needed to be placed in the thesis in such a way that each paper/ book chapter would tell 

an episode chronologically of the analysis of the data, so that when all the papers are 

taken together the whole story is told.  

Since my project aimed to understand the holistic view of infants-toddlers 

science concept formation, I had to set the four papers/ book chapter in such a way that 

all four papers/ book chapter could cover the complete view of my project on infants-

toddlers science learning. Vygotsky’s theory of (1987) everyday and scientific concepts 

was the central construct for this project, and I have used this concept in each paper/ 
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book chapter. In addition, play is one of the leading activities of young children, thus I 

have also used Vygotsky’s (1966) conception of play in most papers.  

 

The first paper provides knowledge on the possibilities of infants-toddlers 

science learning in an everyday context. In the second paper, the parent’s role has been 

discussed for developing science in infants-toddlers age. The third paper (book chapter) 

describes how science learning is fostered when a motive in a play context is developed 

through the dynamic relations between parents and children as they explore science 

concepts together. The fourth paper unpacks parent’s perception in relation to science 

concept formation in their children’s everyday life. Through these four papers, I have 

attempted to reflect the whole story of science concept formation during the infants-

toddlers age period.  

Background of the first paper 

In my first paper (Chapter 4), I wanted to reveal the possibilities of science 

concept formation during infants-toddlers life through everyday activities and play. 

Therefore, I have looked at all the data (30 hours of video data) and developed a data 

table (see Appendix A: Table 5) of the science possibilities in everyday life. In the table 

5, I have highlighted some subjects, which include the activity settings, parents-child’s 

position in the context, possible everyday concepts, and possible science concepts. This 

table provides an overall map of my PhD data.  

In the first paper, Vygotsky’s (1987) theory of everyday and scientific concept 

formation has been used for explaining the theoretical framework that supports the 

analysis of the data, drawing primarily upon Hedegaard’s (2008b) three levels of 

interpretation. In addition, play is one of the leading activities in young children, thus 

the theoretical concept of play (Vygotsky, 1966) was also applied in understanding and 

unpacking the data. Findings are derived from the empirical data gathered and analysed. 
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Small science has been developed as a new term for describing science during the 

infants-toddlers period. Small science represents the scientific moments that occur in 

the everyday lives of toddlers and infants. In addition, small science has been 

categorized in four ways. I also present the dialectical relations between small science 

and everyday cultural contexts in this first paper. 

I developed my first paper and presented it at the European Early Childhood 

Education Research Association conference in 2013. I received valuable feedback from 

the conference participants and improved my paper based on this feedback. I submitted 

my first paper to the Journal of Research in Science Education (RISE) as was planned.  

Research in Science Education (RISE) is an ‘A’ ranked journal. The journal with a 

Scopus SNIP (Source Normalized Impact per Paper) of .500 or more, and that ranked 

A from the 2010 ERA Ranked Journal List. Scopus SNIP (2011) provides 

information that RISE achieves score 1.293. Research in Science Education is an 

international journal publishing and promoting scholarly science education research 

of interest to a wide group of people. The journal examines early childhood, primary, 

secondary, tertiary, workplace, and informal learning as they relate to science 

education. (Source: RISE website).  

My study focuses on science in early childhood education. Therefore, I chose 

RISE for publishing my first paper. My supervisor co-authored the paper with me. I am 

the principal author and my supervisor is the second author. I have contributed 80% for 

writing this paper and my supervisor contributed 20% of the writing and overall 

guideline to develop the paper for an “A” ranked journal. 

During the publication process, I received blind peer reviewed comments, which 

suggested some minor revisions. I am providing two examples of what the reviewers 

suggested and how we responded to the comment as shown:  
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Reviewer #1: This paper reports on a small study examining infant and toddler 

development of scientific concepts. This is an under-researched area and the paper does 

add new knowledge. The theoretical framing is appropriate to the main argument in the 

paper - the explication of Vygotsky's ideas about scientific and everyday concepts is 

very clear and the dialectical relationship between these is carefully articulated. This 

pays off later in the presentation of the model for a dialectical conceptualisation of 

infant and toddler science learning. The paper would benefit from some thorough 

editing to tighten up the expression and to reduce the over citation of references 

throughout. 

Response: The study gives new insights into infant-toddler science and learning, and 

through this gives new understandings about this age period. We have kept seminal 

references and reduced some of the multiple citations in order to make the reading of 

the literature smoother. 

Reviewer #2: The study seeks to investigate the scientific development of 

infants-toddlers in families. This is a very important topic for research in the field of 

science education. It is a well written manuscript with a clear introduction and well-

elaborated theoretical frame-work. The research-design as well as the main results are 

clearly accounted for. I look forward to seeing this study in print. There are some minor 

issues that need to be attended to: 

- To me, it does not become self-evident to use the concept 'small science'. The concept 

may connote to the scientific concepts emerging in the everyday activities of the 

toddlers as somehow 'childish' in a negative sense. I recommend the authors to consider 

if there might be alternative options for labelling the scientific concepts (e.g. emergent 

science).  

Response: We believe the concept of small science does capture the early forms 

of scientific concepts that such young children experience early in life. The concepts are 
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not fully formed science concepts. Naming them as small science is one way to capture 

this. We have field tested the term, to see if this term does give an ‘immature’ thought 

to young children’s learning, as discussed by the reviewer. The advice received is that it 

was overwhelmingly positively received. 

During the review period, I presented this first paper to the Australasian Science 

Education Research Association (ASERA) Conference 2014 and I received positive 

feedback from the scientific community. The paper was revised on the basis of 

conference responses and reviewers’ feedbacks and sent back to the journal. I am 

awaiting acceptance of the final version of my paper.  

Through the first paper (Chapter 4), small science introduces new knowledge to 

the field of early childhood science education. 
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Chapter 5: Social Interactions in Small Science 

Moments 

 “Man [sic] is a social creature, that without social interaction he [sic] can never 

develop in himself any of the attributes and characteristics which have developed as a 

result of the historical evolution of all humankind”. 

(Vygotsky, 1994, p. 348) 

Background of the second paper 

Having established in my first paper the concept of small science to capture and 

name the science learning possible during the infants-toddlers age period, then it was 

obvious to me that I needed to know how the science concepts were developed. The 

second paper (Chapter 5) seeks to answer how small science is possible and under what 

social context. I reviewed the data table (see appendix A: Table 5), which provided me 

with an overall understanding about the data. In particular, I looked at the column where 

I recorded child and parent’s position in each context. It is impossible to show all the 

contexts from the data set (almost 30 hours of video data) for discussing the parent’s 

role and social context in one paper. Therefore, I have used table 3 (see chapter 4, paper 

1) as an analytical framework for analysing the data.  

Table 3 describes four categories of small science and each category provides 

examples of one activity setting along with everyday concepts and scientific concepts 

developed in that setting.  Consequently, I have chosen four activity settings from the 

data set in relation to four categories of small science. Since the data shows that the 

parents’ role is very important to develop small science in young children, then I 

selected the cultural-historical concept of the relations between the “Ideal and Real 

form” from Vygotsky’s (1994) writing on “the problem of the environment”. I also used 

a system of concepts for the analysis, which include the social situation of development 
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(Vygotsky, 1998), and the development of higher mental functions (Vygotsky, 1997b). 

These systems of concepts supported me to understand the parent’s role and the role of 

the environment for framing young children’s science concept formation during the 

infant-toddler period. In the paper, I have described the details of four contexts (four 

vignettes) using four categories and show how parents and children collaboratively act 

in each context. The paper provides the details of the empirical evidence of how infants-

toddlers can learn small science concepts in their everyday context with the support of 

parents.  

I presented the paper at a symposium at the International Society for Cultural 

and Activity Research (ISCAR) Congress in 2014. I received some valuable suggestions 

from the Congress delegates and incorporated the suggestions into my paper to improve 

it further. Finally I submitted the paper to the Journal of Cultural Studies of Science 

Education. This is because I have used cultural-historical theory and studied science 

education in a variety of contexts. The aims and scope of Cultural Studies of Science 

Education is as below: 

Cultural Studies of Science Education aims to provide an interactive platform for 

researchers working in the multidisciplinary fields of cultural studies and science 

education. By taking a cultural approach and paying attention to theories from 

cultural studies, this new journal reflects the current diversity in the study of science 

education in a variety of contexts, including schools, museums, zoos, laboratories, 

parks and gardens, aquariums and community development, maintenance and 

restoration (Source: CSSE website).  

According to 2010 ERA journal lists, Cultural Studies of Science Education 

(CSSE) is a “B” ranking journal. The SNIP (Source Normalized Impact per Paper) for 

CSSE is .531.  
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My supervisor co-authored this with me. I am the principal author and my 

supervisor is the second author. I have contributed 90% for writing this paper and my 

supervisor contributed 10% by writing and providing overall guidance to develop the 

paper. 

During the publication process, peer review comments were forwarded and 

minor revisions were requested. I have provided two examples from two reviewers’ 

suggestions and the way I responded to the comments as shown below:  

Reviewer #1: This is a well-written paper which provides several examples to support 

the theories relating to the impact of parent-child relationships on a child's learning in 

science. Given the extent of the data collection, the authors presumably have many 

other examples, which would support their conclusions. Whilst there is not an 

expectation that other examples are provided here, a summary statement about the rest 

of the research, which highlights that these four vignettes are not isolated examples 

would have been valuable. 

Response: We have tried to explain that the vignettes are not isolated and they represent 

the whole data set (see page 13, 15, 18, 25) 

Reviewer #2: This paper is on an important research topic where as the author remarks 

there are few publications. It is written within the framework of Vygotsky and this both 

makes interesting reading and also raises questions about the influence of other research 

frameworks. In particular it focuses on parent- toddler learning in science at home. 

 The introduction of the term "small science" ..."as simple narration of everyday 

moments" needs more explanation. 

Response: We understand that we should explain more about small science. Thus we 

have expanded the concept along with example (see page 7) 

We have revised the paper based on the reviewers’ feedback and sent the paper 

back to the journal. In addition, the Chief Editor provided some more feedback and we 
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have edited the paper according to the Editor’s suggestions. Next, another editor 

advised more revisions and we adhered to these suggestions. Finally, our paper was 

accepted, it took around five months for this process. The paper is not yet published but 

we have an acceptance letter. 

The second paper provides an in-depth understanding of parent-child 

collaboration for developing small science concepts in regular everyday contexts. Each 

individual vignette reflects the idea of the categories of small science development 

found within the study of each family home context. 
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Chapter 6: Dynamic Aspects of Motives in Science 

Concept Formation 

 “A genuine diagnosis of development must be able to catch not only concluded cycles 

of development, not only the fruits, but also those processes that are in the period of 

maturation.” (Vygotsky, 1998, p. 200) 

Background of the third paper (Book chapter) 

The first paper and second paper provide the theoretical knowledge of small 

science and empirical details of the development process of small science concepts in 

infants-toddlers life. However, we still do not know the dynamic aspects of motives for 

developing small science concepts in everyday play of an infant-toddler. The third 

paper/book chapter (Chapter 6) will discuss the dynamic relationships of an infant-

toddler with the social environment which motivate the child for playing and learning 

small science concepts in the regular play context. Therefore I reviewed one child’s 

particular play moment in which I considered the relationship between the child and the 

social environment for trying to understand the motivational factors in the play moment. 

In the data set, there are a series of video clips of the child’s playful activities in relation 

to small science moments. I selected a representative video clip at infant-toddler age 

that showed how the dynamic aspects of motives creates the conditions and potential for 

developing small science concepts in play contexts at the infant-toddler age. 

The child has been studied as a whole in the play context. For example, I studied 

how the child became motivated by the activities of the family members who interacted 

with the child in the play situation. Similarly, I was curious about the culture of play 

and how the motivations to particular objects and actions in the collective play in the 

child’s home were fostered. I wanted to know how does the family create the 

motivational environment for the child?  I also wanted to know if the child was 
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motivated by their biological needs, as well as what was afforded for them by the family 

in their everyday environment. Finally, I considered all the infant-toddler interactions in 

the family home in relation to the societal motives that are featured in the play moment? 

In the third paper/book chapter, Cultural-historical theorisation of motives in play, 

learning and development has been used to understand the dynamic aspects of motives 

in infant-toddler play. In the vignette, I have discussed the influence of each motive in 

the child’s play moment and how play motives create scientific learning motives in the 

regular play context. In this paper/ book chapter, there is a new understanding about the 

dynamic aspects of motives which have a significant influence on infant-toddler’s play. 

It was found that the successful dynamic of the play motives as a whole, enhanced 

infant-toddler’s development of science concept formation within everyday family 

practice. 

I presented the paper at the Symposium during the Pacific Early Childhood 

Education Research Association (PECERA) Conference in 2015. I received valuable 

feedback from the participants and improved my paper according to their suggestions. 

Finally I submitted the paper as a book chapter to the editing book of Springer baby 

book named “Studying Babies and Toddlers: Cultural Worlds and Transitory 

Relationships”, which will be published by Dordrecht Springer. The Faculty of 

Education (Monash University) provides staff and students with a list of book 

publishers, where Springer is described as having a world-wide reputation. This book 

combines the chapters from the scholars who are doing research on babies and toddlers 

and the book is edited by the well-known scholars in early childhood education. Since 

my project is about infants-toddlers science learning in the family context, I decided it 

was an appropriate place to publish my third paper.  

I submitted the paper/book chapter to the editors two months ago and received a 

letter of acceptance for the paper/book chapter with minor suggested changes. My 
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paper/book chapter was finally accepted after being reviewing twice. However, I would 

like to provide two examples of reviewer’s comments regarding the book chapter as 

follows. 

Reviewer: 1 

Comments to the Author 

What do you mean by dynamic aspects of play motives? It needs your 

explanation. Also, how do these links to children’s emotional experience? You may 

need to make it more explicit in your chapter.  

Response to reviewer 1: Thank you. The comment is thoughtful. I have added 

one paragraph on page 3 as follows: 

For understanding children’s motives in cultural-historical theory, we have to study the 

dynamic aspects of child’s relation to the world (Hedegaard, 2012) in the particular 

context. Explaining the relationship of dynamic aspects of motives, Hedegaard (2012) 

showed how the particular family culture has been influenced by multiple relations of 

the moment. Hedegaard (2012) discussed children’s relation as relevant to a societal 

motive, institutional motive, the motive of the situation, person activities as a motive, 

and human’s self-driven motive in the family culture. 

Reviewer: 2 

Comments to the Author 

What does this vignette mean in each part to the reader. Please put initial interpretation 

for reader. 

Response to reviewer 2: 

Thank you for your thoughtful comment. I have added one paragraph, “The mother 

creates a collective play moment which is very common culture in Barnan’s family 

home. Barnan was very curious to the tiger toy and tried to explore the “roar” sound. 
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However, Branan was not successful in this play moment which will be discussed 

details later in the discussion” on page 7. 

The third paper (book chapter) provides a detailed account of one child’s 

particular play context, insights and knowledge of understandings the dynamic aspects 

of motives in infant-toddler’s play for learning small science concepts. 
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Chapter 7: Parents’ Perception of Small Science  

 “The social situation of development is nothing other than a system of relations  

between the child of a given age and social reality”. 

(Vygotsky, 1998, p. 199) 

Background of the fourth paper 

In the first three papers, I have discussed the possibilities for small science 

moments in everyday contexts, social relations for developing the concepts, and the 

dynamic aspects of motives for the development of the science concepts in regular play 

contexts. However, these papers do not illustrate what parents think about the science 

concept formation at the infants-toddlers age. To understand the whole view of infants-

toddlers’ science concept formation, it is significant to research parental participant’s 

perception. Since infants-toddlers are too young to express their views due to their 

developing language skills, I have conducted dialogue based interviews with parents in 

relation to small science moments. I analysed interview data for the fourth paper 

(Chapter 7).  

Parents talked about their views that were relevant to small science concepts, as 

well as the children’s actions in relation to small science moments. I have used 

Vygotsky’s (1998) concept of the social situation of development for explaining the 

theoretical framing of the analysis of the data presented in this paper. According to the 

parents’ view, it is evident that they consider the child’s social situation for developing 

science concepts in the child’s life and combine the children’s experience in relation to 

science concepts, which also contributes to children’s social situation of development. 

Infants-toddlers show and express agency in these small science moments. 
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I have submitted the fourth paper to Early Child Development and Care and I 

am awaiting final acceptance after making small revisions. Since this paper is to 

understand children’s science concept formation as part of their social situation of 

development, I have chosen the journal of Early Child Development and Care to publish 

my work. According to the journal website: 

Early Child Development and Care is a multidisciplinary publication that serves 

psychologists, educators, psychiatrists, paediatricians, social workers and other 

professionals who deal with research, planning, education and care of infants and 

young children. The Journal provides descriptive and evaluative articles on social, 

educational and preventive medical programs for young children, experimental and 

observational studies, critical reviews and summary articles (source: Early Child 

Development and Care website). 

According to 2010 ERA journal lists, Early Child Development and Care is a 

“B” ranking journal. I am the sole author of this paper.  

According to the parents’ perception, small science concepts do not require any 

kind of artificial conditions rather they could be developed in the child’s everyday life 

context with support from parents along with age related features. 
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Part III: Finalizing the Research 
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Chapter 8: Conclusion 

“Cultural-historical research into science education seeks to examine the relations 

between the child/teacher and the concept/contexts as a dialectical process, where the 

learner is shaped by, but also shapes the social and material conditions for science 

learning”.(Fleer and Pramling, 2015, p. 14) 

Introduction 

This chapter draws the thesis to a conclusion by presenting an integrated 

discussion and summarization of the four papers. In this chapter the findings are 

discussed in the context of the significance of the study, the limitations of the research 

approach adopted, and recommendations for future research. The process of child 

development in relation to science concept formation has been conceptualised in this 

study from a cultural-historical perspective. The synthesis of findings of the papers sum 

up how each paper answers the overarching research question, “what conditions are 

created in the everyday family life for the development of infants-toddlers’ (10 to 36 

months) science concept formation”.  

It will be shown how the overall findings contribute to the field of early 

childhood education and in particular to the literature on infants-toddlers science 

learning and development. Conducting the study with infants-toddlers is a dynamic and 

complex process and as a researcher working within a cultural-historical paradigm, I 

always had to think from the child’s perspective. Therefore, I faced some challenges 

while collecting data. Moreover, there are some other challenges that I will discuss in 

the limitations section. Finally, suggestions for future research will be presented. 
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Integrated discussion 

Synthesis of findings: Implications of the study. 

This study has examined the process of how some infants-toddlers develop 

science concepts as part of their everyday activities in their family home. The research 

was undertaken as a qualitative case study of three Bangladeshi families who live 

abroad (either Singapore or Australia). The documented interactions provided rich data 

for studying the child in a holistic way. Therefore, child development has been obtained 

not from the outside view but rather from a comprehensive and insightful understanding 

of a cultural-historical theoretical perspective. 

The research problem of the study has been derived from the gap in the literature 

on early childhood science education. The study draws on cultural-historical theory to 

shape the study design, which was developed to answer the research questions. Findings 

of the study, in responding to the main research question on examining the conditions 

that are created for supporting the development of science in the infant-toddler period, 

have been turned into four papers that were presented in Chapters 4-7.  

As was illustrated in the introduction and presented in each of the papers that 

followed, “in a dialectical-interactive approach, the aim is to research the social and 

material conditions as well as how children participate in these activities” (Hedegaard & 

Fleer, 2008, p. 35).  The subsidiary research questions have been narrowed down to find 

out the specific conditions for the research outcome through four papers (Chapter 4, 5, 

6, and 7) as part of my thesis including publications. These findings are summarised in 

Table 4, with a presentation of argument in each paper.  
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Table 4 

Summary of arguments and findings of four papers 

Chapter 
4/ 
 Paper 
one 
 

Argument  
of the 
paper 
 

Science concepts can be developed from infants-toddlers age 
with help of parents and other adults in family home and the 
main conditions for developing science in this context is the 
simple scientific narration of the everyday moments that 
infants-toddlers experience at home with their families which 
has been termed as small science (Sikder and Fleer, 2015a) 
 

Finding  
of the 
paper 
 

Small science moments are not only a dialectical relation 
between every day and scientific concepts but this concept 
also explains the process of learning science within this early 
age period 

Chapter 
5/ 
Paper two 
 

Argument  
of the 
paper 
 

The argument presented in the paper uses empirical evidence 
for showing purposeful social interactions for the 
development of higher mental functions; from the real form 
to ideal form in infants-toddlers science learning with their 
parents in everyday settings at home 
 

Finding  
of the 
paper 
 

A special form of narrative collaboration between parents and 
infants-toddlers, which create the conditions for the 
development of small science concepts, where the 
environment can be considered from a scientific perspective.   
 

Chapter 
6/ Paper 
three 
 

Argument  
of the 
paper 
 

Any single aspect of motives in a child’s play cannot be 
ignored because play is central for a child’s social situation 
of development and new demands afford new developmental 
possibilities. 
 

Finding  
of the 
paper 
 

The play motives enhance the child’s scientific learning 
motives when all the aspects of motives fulfil the child’s 
demand at that moment. 
 

Chapter 
7/ 
Paper 
four 
 

Argument  
of the 
paper 
 

For understanding the whole picture of infants-toddlers 
science learning and development, there are many things to 
consider which are: age related concepts, purposeful toys, 
play actions, focused collaboration of the parents, special 
circumstances of the family and their culture 
 

Finding  
of the 
paper 
 

Possibilities of science concept formation at the infant-
toddler age are not any extra effort for parents; rather, the 
concepts could be developed as part of the social situation of 
development in everyday contexts. 
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All four papers (Chapter 4, 5, 6, and 7) discuss the different conditions for 

developing science in infants-toddlers life and in so doing answer the central research 

question of what are the conditions created to support science learning in family homes. 

The development of science concept formation in infants-toddlers life has been viewed 

in a holistic way in my thesis. When taken together, the findings of this study have 

shown that: 

1. Infants and toddlers can learn small science as they interact with their 

families in everyday situations. 

2. How infants and toddlers learn science is based on the‘in the moment’ 

narrations that adults make as they play or interact with their infants or 

toddlers when doing everyday things. 

3. Infants and toddlers appear to pay close attention to adult narratives and it is 

thought that this helps children to interpret the adult actions and explanations 

of everyday life from a scientific perspective, such as to‘push or pull’. 

4. Infants and toddlers experience adult science narratives and science 

interactions that appear to create a motive for the learning of small science 

concepts. 

5. Infants and toddlers do engage with small science and recognising these 

moments as important opportunities for learning science, contributes 

positively to the literature and to pedagogical practices in an under 

researched area. 

 

Evidence of these five conditions for Infants and toddlers learning science was 

captured across all the papers but particular elements were found in select papers only. 

The first paper looks at possibilities of infants-toddlers science concept formation in 

everyday life. The second paper provides the details of interaction patterns between 
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parents and infants-toddlers for developing the science concepts. The third paper is a 

comment on the motivational factors that enhance infants-toddlers’ science learning in 

play context and the fourth paper reflects on parents’ perception of infants-toddlers 

science. The five conditions for infants and toddlers learning small science can be 

captured through one illustrative example where the conditions for developing science 

in infants-toddlers life as a holistic phenomenon are shown: 

“One infant-toddler plays with sand in the beach and he uses some toys such as 

spade, bucket, and patterns. The child tries to make sand castle but the sand was not 

condensed/thick. The child loses interest to make the castle. The child’s father comes 

and helps the child to make a sand castle. The father shows the child how to make the 

castle and narrates that add some water with sand for making sand condensed/thick, pull 

sands into bucket using spade, put sand for making castle by pushing hard then you will 

see the castle shape. The child follows his/her father by doing the actions again and 

again. Finally the child makes a new sand castle independently.” 

Through this example, it explains clearly that the father’s simple scientific 

narration of the moment improves the child’s understanding on small science concepts 

such as push, pull, add water to make sands thick. The child understands the concepts as 

s/he applies his/her understanding to make a new castle independently. Both father and 

child were conscious and purposeful in the play moment where fathers acts as ideal 

form and the child follows the ideal forms in the real context. First the child loses 

his/her interests because s/he failed to do it. Thus we need to understand the dynamic 

aspects of motives in the context.  The whole play context is derived from their regular 

playful context at the beach where the child can develop small science concepts as part 

of his/her social situation on development. The father does not need to provide any extra 

effort for developing small science concepts in the moment. 
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The context of my project is to investigate family practices for the development 

of infants-toddlers science concept formation and I have tried to find out all the 

possibilities for developing infants-toddlers science concept formation in the family 

home context. Therefore, I have claimed that the project has examined and found the 

process of child development in science from a holistic stand point for the children of 

this study in the context of the home. However, there are other conditions that could 

have been examined in everyday family practices for understanding infants-toddlers 

science concept formation, such as the physical and material conditions, which could 

influence the social interactions. These are worthy of future investigation, as they could 

reveal other dimensions of infant-toddler engagement in science in everyday life.  The 

study has found five key conditions that capture the learning of small science concepts 

in family homes for infants and toddlers. In each paper, the child’s perspective has been 

considered and through this orientation, the study has allowed for the formulation of 

science development (see the vignettes and discussions in Chapter 4, 5, 6, and 7).  

According to cultural-historical theory, child development reflects the process of 

development and investigates the processes in their wholeness and complexity from a 

developmental perspective (Veresov, 2014a). 

Significance of the study 

The overall findings from this study have contributed to the literature of early 

childhood education in four ways theoretically, methodologically, empirically, and 

pedagogically.  

Theoretical contributions:  

The study mainly focuses on Vygotsky’s (1987) theory of the development of 

everyday and scientific concepts and uses this as the central theoretical framework for 

the entire study. Vygotsky (1987) introduced a theoretical discussion of everyday and 

scientific concept formation and showed how everyday and scientific concepts influence 
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each other.  In particular, Vygotsky (1987) argues, scientific concepts can be learned in 

formal settings for school aged children. However, this study has revealed that the 

process of scientific concept development can begin from an early age in childhood. It 

is impossible that the child could provide the definition of abstract science concepts 

(e.g. Insulation) at the infants-toddlers age but the child could learn the small science 

concepts (e.g. hot and cold concept) in relation to the abstract concepts (e.g. Insulation) 

from their everyday moments. Simple scientific narration of the small science concepts 

can help infants-toddlers to understand the concepts if it is relevant in their everyday life 

context. In this study (Chapter 4, Paper 1), I have termed this as small science concept.  

 According to the literature review in this thesis, there is a big gap in the 

development of scientific concepts at infants-toddlers age. In particular, there is no 

theoretical literature found to understand scientific conceptual development at this early 

age. Small science is a theoretical contribution to the almost non-exist literature into 

infants-toddlers scientific development. In addition, Small science has been categorized 

in four ways these are: multiple possibilities for science, discrete science, embedded 

science, and counter intuitive science (For details see Chapter 4, paper 1). Vygotsky 

(1987) discusses influential relations between everyday concepts and scientific 

concepts. I have added how everyday and scientific concepts are dialectically related, as 

well as the dialectical relation between small science and academic concepts through the 

visual model shown in figure 1(Chapter 4, Paper 1).   

 In Paper two (Chapter 5), I have developed a visual model (see figure 1, Chapter 

5) by adapting Vygotsky’s (1994, 1997b, 1998) philosophical discussions on the 

development of higher mental functions. This model explains how purposeful social 

interaction can support children’s scientific development of higher mental functions 

from real forms to ideal forms. This visual model also contributes to understanding 
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theoretically child development from real forms to ideal forms in early childhood 

education specifically in science education.   

 The third paper/book chapter (Chapter 6) provides theoretical understandings of 

the relationships of dynamic aspects of play motives in children’s play, including an 

adult’s engagement in the moment. The play motives enhance the child’s scientific 

learning motives when all the aspects of motives fulfil the child’s demand at that 

moment. Therefore, for achieving a successful outcome of the play moment, one might 

consider the dynamic aspects of a play motive (Hedegaard, 2012), and the successful 

play motives that create the rich possibilities for infant-toddler’s development of science 

concept formation in their everyday culture. 

   In paper four (Chapter 7), the social situation of child development has been 

discussed from the perspective of parents. I have added to this conception by showing 

how infants-toddlers everyday experiences in relation to science concept formation can 

contribute to their social situation of development. This theoretical understanding 

enhances knowledge on infants-toddlers science development in early childhood 

education.  

 The overall theoretical findings from this study not only contribute to filling a 

gap in the theoretically fuzzy zone of early childhood science education but also expand 

theoretical knowledge in the cultural-historical research paradigm. 

Methodological contributions: 

Following the cultural-historical research methodology, this study applies 

dialectical-interactive research framework in each phase of research design. Dialectical-

interactive research methodology provides an opportunity to understand child 

development in a holistic way. This methodology discloses a child’s everyday activities 

in detail, interactions between adult and children, collaborations among children and the 

cultural development of the child. It also focuses on the aim of the project in depth.  
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Digital tools (video camera, still camera, audio recorder) have been used for data 

collection as this captures the whole picture of the child. The researcher can revisit the 

data as needed and can interpret the data in-depth. There is full evidence for research 

reliability and validity through digital data analysis. It is important to understand child 

development from a child’s perspective. Since infants-toddlers expressions are 

important to understand and these very young children do not express everything 

verbally, it is necessary to use digital video tools for capturing their each and every 

moment. It could happen that the researcher may not understand infants-toddlers 

activities in the research context but the researcher could understand it through 

revisiting video data later at the research desk. Using digital methods for researching 

children makes a methodological contribution to a cultural–historical research 

methodology for early childhood education. 

This study also used a case study approach. I have developed a visual model (see 

Figure 3, Chapter 3) regarding the cultural-historical case study approach. This model 

provides insight into the case study method and how this method examines particular 

development in a comprehensive way. 

Hedegaard and Fleer (2008) have discussed the idea of the double role of the 

researcher in the research context. I have explained the multiple positions of the 

researcher in the methodology section (see Figure 4, Chapter 3). The explanations 

contribute to research by specifically outlining the role of the researcher when using 

digital technologies in the research context and through this contributes to better 

understanding the role of the researcher who may be participating in the research 

context as an active participant. The visual model (see Figure 4, Chapter 3) provides the 

essence of the researcher’s role in a holistic way as part of dialectical-interactive 

research framework. 
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I have introduced the four categories of small science as a theoretical 

contribution in early childhood science education (Chapter 4, Table 3). But this finding 

also adds value methodologically in early childhood education. In the second paper 

(Chapter 5), I have used the table in relation to categories of small science (see Table 2, 

Chapter 5) as an analytical framework. This table contributes as an analytical 

framework in early childhood science education. 

 The interviewing of parents is a traditional means when collecting data in 

qualitative research. However, I have used dialogue based interview techniques with 

parents, which bring new insight into cultural-historical research methodology. In 

particular, I have discussed with the parents about the conditions for the development of 

scientific concepts. They have developed their own conditions in relation to their 

children’s interests and motives. Since children are very young (10 to 36 months) in my 

study, I have interviewed parents after each home visit in relation to the activities to 

understand the child from their own perspectives. Therefore, I could capture the child’s 

perspective in a holistic way and this approach reflects an approach of undertaking 

research with infants-toddlers rather research on infants-toddlers according to the 

principles of cultural-historical research methodology (Veresov, 2014a).  Creating 

conditions with parents for developing the research design and dialogue based 

interviews, makes a methodological contribution to early childhood education research 

as well as to a cultural-historical research methodology.  

Empirical contributions: 

 The study has provided a broader understanding of how Bangladeshi-Australian 

or Bangladeshi-Singaporean everyday family practices, including play activities, create 

the conditions for infants-toddlers development in science concept formation. 

 By investigating the individual child during each family’s everyday activities, 

the study has endeavoured to find the in-depth possibilities for the developmental 
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process of science learning in the child’s individual context. Therefore, I have examined 

each and every aspect of the child’s overall activities in daily family life. The data 

includes morning time (e.g. wake up time, brushing teeth, breakfast), play activities 

(e.g. favourite play, family play, cultural play, peer play, play with parents, individual 

play and collective play), outdoor activities (e.g. gardening, play in the playground, 

swimming in a pool, shopping and beach play), meal times (e.g. breakfast, lunch, dinner 

and snacks), sleep time (e.g. nap time at day and night sleep), transition periods (e.g. 

preparation for going outside, from play activities to lunch time), family practices (e.g. 

story time, TV time).  In addition, the dialogue based interviews with parents have been 

undertaken to understand each aspect of the above context.  

I have developed a data table (Appendix A: Table 5) about the everyday 

activities of each child, possibilities of everyday concepts and scientific concepts and 

interactions between child-adult and child-child. From this table, I have created a table 

(see Table 2, Chapter 4) on a range of small science possibilities in everyday settings at 

home. This table (see Table 2, Chapter 4) provides details and in-depth empirical 

findings of early childhood science education. The vignettes and parent interviews 

(Chapter 4, 5, 6, and 7) delivers the details of interactions and activities of the context. 

These vignettes and dialogue based interviews empirically enrich our understanding of 

the cultural-historical research context and how children can culturally-historically 

develop their learning of science in the family home. In addition, the figure (see Figure 

1, Chapter 4) on dialectical relations between everyday concepts and through everyday 

activities and scientific concepts has been established based on empirical understanding 

of children’s regular activities. This visual figure affords insight about the dialectical 

relations between everyday concepts and scientific concepts theoretically as well as 

practically and is a useful tool to support the researcher or practitioner. 
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 I have developed a table detailing sampling and data gathering (see Table 1, 

Chapter 4) and discussed how many times I have visited (e.g. 15 times, 11 times, and 10 

times) the family’s home for data collection purposes, as well as for understanding the 

child in their own context. Although it is obvious I visited the families four to five times 

extra, beyond the data collection purposes planned because I wanted to build up a 

relationship with the child and the child’s family. Researching with children is not a 

simple task as traditional research with adults. Being a researcher in cultural-historical 

paradigm, the study recommends empirical knowledge for understanding the research 

context from the child’s perspective. Understanding infants-toddlers in a holistic way as 

has taken place in this study is the central empirical contribution to the field of early 

childhood education. 

Pedagogical contributions: 

In thinking through the pedagogical aspects of my study, the process and the 

findings link home pedagogy to the pedagogy of the formal settings of early childhood 

education. Educators who are working in child care centres can consciously introduce 

science to infants and toddlers if they have deeper insight into what experiences 

children already have at home that are scientific. As I have discussed in table 2 (see 

Chapter 4 and also Table 5 in the Appendix A) about the activity settings, there are 

many activity settings such as playful contexts (e.g. play dough, pretend play, riding 

scooter and mirror play) and everyday routines (e.g. sleep time and meal times) already 

available in childcare centres. Through these contexts, the caregivers (or educator) can 

incorporate science teaching in infants-toddlers routines. In paper two (see Chapter 5), I 

have explained how parents could create conditions for infants-toddlers science learning 

through conscious narratives and collaborations. In similar ways, caregivers or teachers 

could create the scientific pedagogical conditions for supporting infants-toddlers in 

childcare centres as one of the pedagogical recommendations from my study. 
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The third paper/book chapter (Chapter 6) explains the dynamic aspects of 

motives for developing science concepts formation through one play event (musical 

toy). In the childcare centre, infants-toddlers have regular access to some toys or play 

events such as musical toys for exploring vibrations of different sounds, caregivers or 

teachers can use their scientific knowledge to teach infants-toddlers science 

understanding through the musical toys, considering dynamic aspects of motives in the 

play moment.  

The main focus of paper 4 (Chapter 7) is to outline the social situation of infants-

toddlers development where parent’s perspectives have been analysed. Parents consider 

many aspects, such as their cultural context, the child’s age and experiences in relation 

to the activities, roles of people, in the context of developing small science concepts in 

infants-toddlers life. Care givers or educators could consider these conditions in their 

centre as small science strongly contributes to infants-toddlers social situation of 

development. Thus, this research adds to our understanding of the pedagogy of science 

teaching in child care centres for such young children. 

Challenges. 

 As mentioned previously, the present cultural-historical study undertook to do 

research with children not research on children (Veresov, 2014a). As I already discussed 

I have visited families for a total of 36 visits (See Table 1, Chapter 4) specifically 

family homes as part of my data collection and an additional four or five times beyond 

data collection for improving my relations with the children. I visited the family home 

at a convenient time to the family. According to my study design, parents create the 

conditions or set the context for infants-toddlers science learning and I am supposed to 

collect the data smoothly. However, data collection was found to be challenging.  

Infants-toddlers may be emotionally unhappy for some reason, the child may become 

suddenly sick, the child may be very curious about the digital tools rather than the 
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activities the parent is undertaking with them, the child may feel that the researcher is a 

stranger. According to cultural-historical paradigm, the researcher always needs to be 

conscious about the child’s perspective (Hedegaard & Fleer, 2008). Therefore, being a 

researcher in this paradigm, I had to face these challenges and give careful consideration 

to the child in order to determine if the visit would go ahead on arrival and data would 

be gathered as planned. Therefore, to increase the opportunity for gaining data, I visited 

the family home many times to build a friendly relationship with the child. I took the 

video camera to fulfil the children’s curiosity and allowed them play with it.  

As introduced throughout this thesis, I have collected a total 30 hours of video 

data from children’s family home. I have developed a long data table (see Appendix A: 

Table 5) by focusing my study aim which covers activity settings, interaction patterns, 

and small science possibilities, in the everyday context. However, I could not analyse 

each and every single video clips because of the constraints of the PhD timeframe and 

the structure of the thesis including publications, which together does not allow for 

analysing and publishing all the findings form the data within four publications. There 

are more findings, which will be written as journal articles and submitted in due course. 

I have collected data from Bangladeshi families who live outside Bangladesh (Australia 

and Singapore). I have chosen these two countries because of the difference of 

demographic structure (small land vs wider land), weather conditions (warm vs cold), 

and construction of home structure (e.g. flat vs high rise). However, I have collected 

maximum data from family context whereas the outside context has been neglected. 

Therefore, I could not provide any guideline about a country’s (either Singapore or 

Australia) particular cultural influence in infants-toddlers science learning. In addition, 

although the families were from Bangladesh and they practice Bangladeshi culture in 

their home, children may have access to Western toys in their home abroad, whereas 

Bangladeshi children living in the Bangladesh context may not use the same toys in 
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their play. Therefore, my study cannot generalize knowledge beyond the context of the 

Bangladeshi families I studied.  

The data only provide knowledge on the context of Bangladeshi family culture 

abroad and further research within Bangladeshi children in the country of Bangladesh is 

needed. I am unable to generalize my findings regarding different family cultural 

contexts such as Western, Australian, American, England, and other Asian countries.  

I have collected data only from three children in three families, which only allows me to 

understand these three children’s individual cases in-depth. Therefore, the findings 

discussed about the Bangladeshi family context in Australia and Singapore can only 

provide a general picture of the learning of science in the families in this study from the 

community in which they reside. 

Suggestions for future research. 

While it is clear that researching with infants-toddlers science learning in a 

family context provides new insights and further understanding of the process of 

science development in the family home, I would like to focus this discussion on 

possibilities for further research using cultural-historical theory in science learning for 

child development. 

 Firstly, I have completed research in the context of Bangladeshi family, which 

provides in-depth knowledge about this cultural context for science learning in infants-

toddlers home life.  Further research is needed to investigate the phenomena in other 

cultural contexts such as other Australian families, European families and English 

families. 

 From my study, there are some important theoretical findings that have emerged 

which are small science, categories of small science, dynamic aspects of motives in 

science learning, relations between ideal and real forms for developing science 

concepts, which together contribute to a child’s social situation of development. A 
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recommendation for future research is that these concepts need to be tested in early 

childhood science education research and in particular, for the development of cultural-

historical research paradigm. 

 The visual figures and tables are a significant outcome of this study as indicated 

in chapter 4, 5, 6, and 7. It can assist as an influential analytical tool and a worthwhile 

framework to understand infants-toddlers development in relation to science concept 

formation. Further research on the applications of the figures and tables across a broader 

sample set and contexts is recommended.  

 As discussed earlier regarding the pedagogical contribution of the study, it is 

recommended that conducting further research in infants-toddlers science learning in 

childcare settings is needed. Further research into this area in the childcare centre may 

bring new insights that help to fill the gap in understanding with science learning in 

early childhood education. 

Concluding Remarks 

Family is the first institution for the child’s learning and development 

(Hedegaard & Fleer, 2008). In my study, I have shown how parents create the 

conditions for infants-toddlers science learning in the home context. When I started my 

data collection with parents, they were a little worried about how a child at this age 

could develop science concepts. Then we (the parents and I) had lots of discussions 

regarding what we understand science to be in our everyday life. The parent’s practical 

knowledge and my theoretical understanding provided some ideas about science at the 

infants-toddlers age.  

Through conversations, we concluded that infants-toddlers may not understand 

abstract concepts but could understand the actions or processes. It was found that 

parents did simple scientific narration to their children in particular contexts. As I 

started data collection, the parents became more excited than me, as they felt their child 
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had begun to collaborate with them in science learning. One parent (data collected from 

age of 30 months to 36 months) told me that “My daughter has started to ask me about 

the reason behind the facts (e.g. why it happens and how the process works) in each 

context” and she felt that her daughter was developing a scientific attitude.  

Another mother told me that her son (data collected from age of 10 months to 13 

months) responded scientifically when the video camera was on. Then I asked her “Do 

you think it happen because of video camera or because of your full engagement with 

your child in the particular activity?” The parent tested the same event with her 

involvement and without her engagement in front of the video camera. Finally she 

realized that the child responded scientifically because of her conscious involvement in 

the task.  In particular, she felt that her simple scientific explanation and involvement in 

the task supported her child to understand the process of development in science 

learning. 

I believe, if parents start simple scientific narration of each context to their 

children from the early childhood period in the family home, children will grow up with 

a scientific attitude that they will take into their future life. 
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Appendix A: Data Table 

The table shows the data at a glance as below:  

Table 5 Data Table 

 Folder Name Everyday Activities Interaction Pattern 
of Parents 

Everyday concepts and 
scientific concepts are being 
promoted within the 
particular everyday context 

Participant child: Jhumki (Pseudonym), Date of Birth-18 September 2010, Location Singapore 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Jhumki\
SR040312wat
er play 

Water play (different 
flow of water) in the 
Marina Bay 

They extended 
their activities 
through 
collaboration nd 
communication 
which is sustained 
shared thinking 

1. Flow of water 

2. Water Force 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Jhumki\
SR300312play
ground 

Play in the city square 
playground (seesaw, 
sliding) 

They extended 
their activities 
through 
collaboration and 
communication 
which is sustained 
shared thinking 

1. Force (Push, Press) 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Jhumki\
SR250812ball 
n balloon 

Playing with ball and 
balloon 

Mum-child 
positing- above, 
equal, below, 
independent 

 

1. Force (change 
direction, push) 

2. Rules of games 

3. Characteristics of 
balloon (balloon can 
fly) 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Jhumki\
SR010912flou
r n cook 

Preparation of snacks  Mum-child 
extended their 
activities through 
collaboration and 
communication 
which is sustained 
shared thinking 

1. Force (push hard, 
press, roll) 

2. Correlation 

3. Naming 

4. Measurement 
(Mixing Ingredients) 
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5. Change of state of 
matter 

6. Fire 

7. Insulation (hot to 
cold) 

8. Concept of shape 

9. Differentiate of 
shapes 

10. Follow the 
instructions 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Jhumki\
SR100912boo
k 

Reading the story book 
with mum 

Mum-child 
extended their 
activities through 
collaboration and 
communication 
which is sustained 
shared thinking 

1. Force (jump) 

2. Correlation 

3. Discover new things 
through reading 

4. Feel n touch 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Jhumki\
SR170912play
dough 

Making shapes by Play 
dough with MUM, 
creating birthday party, 

Playing with doll 

Mum-child 
extended their 
activities through 
collaboration and 
communication 
which is sustained 
shared thinking 

1. Living habitat of 
human (play doll) 

2. Force (press, cut the 
cake, blow candle) 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Jhumki\
SR200912pool 

1.Swimming in the pool: 
sliding in water, body 
movements for 
swimming with the help 
of parents  
2. Play sliding, climbing, 
seesaw, spinning, swing 
in the playground 

3. Mum shows how to 
swim to the child then 
child also follows mum. 
Mum use tub for child’s 
swimming in  the 
Swimming pool 

Mum-child 
positing- above, 
equal, below, 
independent 

 

1. Force (floating, 
move forward) 

2. Rules of swimming 

3. Flow of water 

4. Floating and sinking 
5. Push and Pull 
6. Motion (spin) 
7. Force 
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S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Jhumki\
SR220912birt
hday 

Birthday party, blow the 
candle, cut the cake, 
sing the song 

Mum-child 
extended their 
activities through 
collaboration and 
communication 
which is sustained 
shared thinking 

1. Air pressure (blow 
candle) 

2. Rules of birthday 
party 

3. Correlation 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Jhumki\
SR290912kyte 

Flying kite in the ground Mum-child 
extended their 
activities through 
collaboration and 
communication 
which is sustained 
shared thinking 

1. Air 

2. Rules of flying kite 

3. Force (run) 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Jhumki\
SR161012dra
wing 

Drawing in the white 
board 

Mum-child 
extended their 
activities through 
collaboration and 
communication 
which is sustained 
shared thinking 

1. Drawing 

2. Use of white board 

3. Application of 
marker 

4. Unknown to known 
(draw balloon, ball) 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Jhumki\
SR231012hom
e n car driving 

Making different shapes 
with play dough, 
drawing pictures with 
water colour, 

Riding car  

Mum-child 
extended their 
activities through 
collaboration and 
communication 
which is sustained 
shared thinking 

1. Force 

2. Correlation 

3. Identification 

4. Use of Substances 

5. Change of state of 
matter 

6. Differentiate of 
shapes 

7. Safety Rules 

8. Sound (horn) 

9. Force (press horn, 
close door) 

10. Rules of driving car 

S:\R-
EDUC\Shukla-
Sikder\Data\V

Cycling at home Mum-child 
extended their 
activities through 

1. Force(push, pull) 
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ideo 
Data\Jhumki\
SR140113cycli
ng 

collaboration and 
communication 
which is sustained 
shared thinking 

2. Navigation 

Participant child: Joy (pseudonym), Date of Birth-28 July 2010, Location-Australia 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Joy\JA20
0213 Beach 

Playing in the beach, 
swimming, sands play 

Parents-child 
extended their 
activities through 
collaboration and 
communication 
which is sustained 
shared thinking 

1. Concept of shape 
(triangle, round) 

2. Discover sand, shell, 
stone 

3. Force (try to float 
with ball) 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Joy\J280
213puzzle, 
garden, cycle, 
animal 

Playing alphabet puzzle, 
gardening and other 
toys, playing with 
animals’ toys 

Sustained shared 
thinking by 
communication, 
collaboration. 
Imagination and 
concept formation 
is extended 
through collective 
mind 

1. Identification 

2. Correlation 

3. Insulation 

4. Life cycle of zucchini 
plant 

5. Discover plant name 

 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Joy\J210
313 
playdough n 
other toys 

Play with playdough and 
other toys 

Sustained shared 
thinking by 
communication, 
collaboration. 
Imagination and 
concept formation 
is extended 
through collective 
mind 

1. Change of state of 
matter 

2. Colour concept 

3. Concept of 
size(big/small) 

4. Use of 
technology(camera) 

5. Push, press(force) 

6. Counting 

7. Logical order 

8. Solving 
problem(puzzle) 

9. Sound (animal 
sound) 
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10. Safety rules(seat 
belt) 

11. negotiation 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Joy\J270
32013 making 
zoo, block, 
picnic 

Making a zoo, develop a 
playground with blocks, 
picnic in the park with 
all the animals 

Sustained shared 
thinking by 
communication 
(question-answer), 
collaboration. 
Imagination and 
concept formation 
is extended 
through collective 
mind 

1. Animal habitat(food 
habit, movement 
habit) 

2. Insulation (blow 
food to make it 
cold) 

3. Construction 
(making playground 
with block e.g. 
sliding, seesaw) 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Joy\J180
413playdough
, rainbow 

Making rainbow with 
play dough, food 
preparation in oven 

Sustained shared 
thinking by 
communication 
(question-answer), 
collaboration. 
Imagination and 
concept formation 
is extended 
through collective 
mind 

1. Logical order 

2. Force(rolling) 

3.  Correlation 

4. Colour concept 

5. Rainbow 

6. Food preparation in 
oven 

7. Life cycle of 
butterfly 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Joy\JA19
0513 play 
with friend, 
taking shower 

Play with friend, writing 
alphabet with dad, 
taking shower 

Sustained shared 
thinking by 
communication 
(question-answer), 
collaboration. 
Imagination and 
concept formation 
is extended 
through collective 
mind 

1. Drawing/Writing  

2. Concept of texture 
(soft/hard) 

3. Concept of weight 
(heavy/light) 

4. Force(floating/sinkin
g) 

 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Joy\J220

1.Wake up n brush, 
breakfast 

2. breakfast 

Sustained shared 
thinking by 
communication 
(question-answer), 
collaboration. 

1. Insulation 

2. Brush help to clean 
the teeth 
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513 morning 
to all day 

3. cooking and playing 

4. Drawing 

5.walking to playground 

6.play in playground 

7. return home 

Imagination and 
concept formation 
is extended 
through collective 
mind 

3. Discover nature(tree 
name, plant name, 
flower name), 
insects (caterpillar) 

4. Life cycle of 
butterfly 

5. Negotiation 

6. Rules in games 

7. Identification 

8. Application of 
materials 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Joy\J280
513 reading 
story book, 
doctor-
patient, 
drawing 

1.Reading story books 
with mum 

2. play doctor-patient 

3. drawing picture 

Sustained shared 
thinking by 
communication 
(question-answer), 
collaboration. 
Imagination and 
concept formation 
is extended 
through collective 
mind 

1. Identification 

2. Correlation 

3. Number concepts 

4. Concept of 
textures(floppy 
jacket) 

5. Time concept 

6. Rules of games 

7. Application of 
doctor’s instrument 

8. Force(Push) 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Joy\J280
713Birthday 

Joy’s birthday 
celebration 

Parents-child 
extended their 
activities through 
collaboration and 
communication 
which is sustained 
shared thinking 

1. Force (blow the 
candle) 

2. Rules of birthday 
party 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo Data\Joy 
\J230313 
cooking in the 
park 

Cooking with sands in 
the park. Mixing 
ingredients as sands 
then cooking and eating  

Sustained shared 
thinking through 
question-answer 
approach 

1. Concepts of 
ingredients 

2. Concepts of mixing 

Participant child: Barnan (pseudonym), Date of Birth-17April 2012, Location-Australia 
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S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Barnan\
W170313 
activities with 
mum n play 

Play with car, activities 
with mum 

Mum-child 
positing- above, 
equal, below, 
independent 

 

1. Colour concept 
(blue car) 

2. Sound (car sound, 
rattle sound, sheep 
sound) 

3. Force (Push, spin) 

4. Identification of 
car’s materials 
(window, back glass, 
door) 

5. Correlation 

6. Discover the 
materials of the box 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Barnan\
W050413Dico
vering box 

Discover toy box. There 
are many toys in the box 
such as –duck, flute, 
ball, Tiger, rattle frog…  

Mum-child 
positing- above, 
equal, below, 
independent 

 

1. Discover toy box 

2. Force(press the 
button, blow the 
flute,) 

3. Sound (tiger roar, 
flute sound, making 
sound with box) 

4. Colour(orange and 
black) 

5. Identification 

6. Texture 

7. Use of mobile 

8. correlation 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Barnan\
W080413 new 
toy 

Playing new toys with 
mum 

Mum-child 
positing- above, 
equal, below, 
independent 

 

1. Sound of duck 

2. Identifying new 
materials 

3. Object meaning-
meaning 
object(basket 
become car) 
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S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Barnan\
W100413 
rhyming, toys, 
keys 

Activities with rhyme, 
play with toys 

Mum-child 
extended their 
activities through 
collaboration and 
communication 
which is sustained 
shared thinking 

1. Matching 

2. Correlation 

3. Rolling 

4. Pressing 

5. Shake 

6. Different Sound 
concepts 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Barnan\
W170413Birth
day 
celebration 
according to 
culture 

Birthday celebration 
according to culture 

Mum-child 
extended their 
activities through 
collaboration and 
communication 
which is sustained 
shared thinking 

1, blow candle(force) 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Barnan\
W220413 toy 
garden n 
mirror 

1. A toy like a garden 
and they are discovering 
the things in the garden. 

2. Identifying body parts 
through mirror 

Mum-child 
positing- above, 
equal, below, 
independent 

 

1. Discover garden’s 
insects and other 
things (lady bug, 
mushroom, flower) 

2. Force (Spin, knock 
knock 

3. Colour concept 

4. Identification of 
body parts 

 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Barnan\
W140513 
morning to 
day activities 

Wake up at morning, 
brushing, breakfast 
time, play activities, 
taking shower 

Mum-child 
extended their 
activities through 
collaboration and 
communication 
which is sustained 
shared thinking 

1. Correlation 

2. Identify  

3. Colour concept 

4. Concept of shape 

5. Water flow 
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S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Barnan\
W150513 
activities with 
dad and 
playing with 
mum 

Activities with dad and 
play in the play zone 
with mum 

Parents-child 
positing- above, 
equal, below, 
independent 

 

1. Colour concept 
(Diffèrent colour 
Ball) 

2. Construction 
(building Tower) 

3. Operation of 
machine (switch 
on/off) 

4. Direction 

5. Push/ pull/ blow 

6. Concept of shapes 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Barnan\
W170513 play 
with dad 

Play activities with dad 
and mum 

Parents-child 
positing- above, 
equal, below, 
independent 

 

1. Follow the 
instruction 

2. Correlation 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Barnan\
W240513 play 
sound with 
dad n ball 

Making sound with 
mouth, imitate dad, play 
ball 

Dad-child extended 
their activities 
through 
collaboration and 
communication 
which is sustained 
shared thinking 

1. Creating different 
kind of sounds 

S:\R-
EDUC\Shukla-
Sikder\Data\V
ideo 
Data\Barnan\
W290513 
mirror play, 
rhyme with 
mobile 

Mirror play, play with 
mobile, see rhyme in 
mobile, toys with push n 
pull 

Mum-child 
extended their 
activities through 
collaboration and 
communication 
which is sustained 
shared thinking 

1. Identification of 
body parts 

2. Reflection 

3. Force (push/pull) 

4. Switch on/off 

5. Knowing new things 
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Appendix B: Ethical Approval 
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Inclusion of another two Participants in Ethics Approval 

From: MRO Human Ethics Team  
Date: 26 June 2013 14:28 
Subject: MUHREC Amendment CF12/1569 - 2012000846: Toddler development of scientific 
concepts through play in family practices 
To:  
 

 
 
Dear Researchers  
 
Thank you for submitting a Request for Amendment to the above named project. 
 
This is to advise that the following amendment has been approved: 

Changes to Recruitment 

−       Inclusion of another two participants 

Thank you for keeping the Committee informed. 
 
Professor Ben Canny 
Chair, MUHREC 

Human Ethics 
Monash Research Office 

Our aim is exceptional service 
 
Monash University 
Level 1, Building 3e, Clayton Campus 
Wellington Rd 
Clayton VIC 3800, Australia 

tel:2012000846
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Thank you, Readers! 
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