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(iv) 

Abstract 

This study sought to inv~stigate young children's understandings oDthe 

science concept forces. A government preschool in the AC. T. was the 

setting for the study. 

The research methodology consisted oDpre and post interviews 

conducted before and after a teaching sequence using an interactive 

approach to teaching science (Biddulph and Osborne 1984). Interviews 

were audio taped, work samples were kept and lessons and discussions 

were audio taped during the teaching sequence. 

This study examined three factors associated with young children's 

understandings oDthe science concept forces. First, it documented 

young children's understandings prior to any formal teaching in this 

area. It was found that most children did hold views about the areas OD 

forces such as pushes and pulls, inertia, friction and gravity. Some OD 

these views are generally recognised by the scientific community as 

being scientifically correct answers. 

Second, this study sought to reveal iDthese prior views were changed 

or reached a higher conceptual level after the experience OD a three 

week interactive teaching sequence on forces. It was found that in all 

cases changes in language indicating higher level understandings, the 

use OD scientific terms and more detailed responses indicated that it 

was possible and relevant at the early childhood level to teach the 

concepts OD forces. 
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A third aspect of this study sought to identify teaching strategies which 

would effectively teach forces to very young children. 

It became clear in this study that as young children already have views 

about the concepts of forces it is possible to build on these views with 

correct scientific knowledge and thus empower the young child in an 

area of science which research has indicated may cause problems for 

older learners. 

It is therefore proposed that early childhood is a crucial time for 

teaching correct science concepts in the area of forces. 

This thesis has shown that young children, particularly those 4-5 years old, have 

already formed views of forces, some scientifically correct and it is proposed that 

building on this existing knowledge will empower the child in later learning in the 

areas of physics and mechanics. 
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Chapter One 

Introduction 

Introduction 

It is only in recent years that there has been input to the body of knowledge on early 

childhood science. Recent work has focussed on young children's science 

understandings and research has been undertaken in childcare, pre-schools and the 

early years of school. This body of research is much needed (Hardy 1992; Fleer 

1992; Shapiro 1988) and provides an empirical base for more research in the area of 

early childhood science. 

With the introduction of the National Curriculum Profiles and Statements 

(Australian Education Council 1994). There is now a more pressing need for an 

informed, up-to-date structure for teaching specific science concepts to young 

children. 

It is only just being recognised by education professionals that the practice of the 

past of 'modifying' or adapting research and teaching practices aimed at primary 

levels is not developmentally appropriate in working with young children (3 - 8 

years). This is especially relevant when teaching the concept of Forces to young 

children. At the time of this study it was not possible to locate research which 

studied children under the age of eight, yet the physical world of the young child is 

rich with experiences such as crawling, learning to walk, playing with balls and on 

playground equipment such as swings and see-saws. The laws of forces inherent in 

these experiences are so much a part of the everyday lives of young children. 
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This study is concerned with young children aged 4 to 5 years of age. It is at this time 

that these children enter a world outside the family and establish themselves within a 

setting made up of unfamiliar adults and peers. It is also the time when they first 

encounter and deal with the challenges set to them by our system of education. 

Donaldson, Grieve and Pratt (1983) suggest that by the time this period is over, 

children will have formed conceptions of themselves as social beings, as thinkers, as 

language-users and they will have reached certain important decisions about their 

own abilities and their own worth (p.1 ). This places much responsibility on those 

involved in the teaching of young children either at preschool or school or within a 

child care setting. 

The decisions children reach about their own worth and abilities are important, 

not only for their self respect and general well being, but also for their 

subsequent progress. (Donaldson, Grieve and Pratt 1983; p. l ). 

Experienced teachers and researchers involved with early childhood education are 

aware that Early Childhood is a time of rich curiosity and endeavour to explore their 

world. Charteris (1991) as cited in Fleer and Hardy ( 1996) suggests: 

We know young children actively explore their environment and, at a very 

early age, demonstrate curiosity about it. Whether we plan for it or not, 

children bring these experiences with them to school. To ignore these, and not 

to assist the child to explore and to make sense of these activities is to deprive 

them of an interesting important part of their potential experience and 

development (p.20). 

In a paper entitled "Science Education in Early Childhood Education - a diagnosis of 

a chronic illness", Fensham (1991) revealed that in the 1960's when there was an 

enthusiastic optimism for the future of science education it was commonly proposed 

that: 
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Science will be the easiest subject to teach in the early childhood years (p.3). 

This proposal was supported with the following clarification (Fensham 1991) - that 

the science teaching and learning being referred to involves only three skills on the 

part o£the learners. These are: (i) the ability to observe natural phenomena or 

scientific situations, (ii) to say what these observations are, and (iii) to suggest 

possible explanations for them (p.3). 

Fensham (1991) went on to argue that science thus had enormous advantages for the 

early childhood teacher because the children appear to have these basic skills 

reflected in their natural curiosity. Teaching strategies therefore build on these skills. 

This is different from the rest o£the curriculum which does require children to be 

able to read, write, draw and calculate - skills that teachers need to teach most 0£ 

these young learners (p.3). Fensham (1991) then challenges: 

What went wrong ? Why more than twenty years later do we find so little 

science in both the early childhood and primary years? (p.3). 

Until the 19801s primary science curricula in Australia either omitted any statement 

o£rationale or it was an underdeveloped section (Pearce 1981). Justification for the 

inclusion 0£ science in the school curriculum was not seen as necessary and this 

reflected the status 0£ curricula developed centrally by Education Departments. 

Typically, curricula were statements 0£ content which all teachers had to teach and 

these were not to be questioned (Fleer and Hardy 1996). 

In 1989 all the State education ministers and the Federal Minister o£Education 

attended a conference o£the Australian Education Council. One outcome o£the 

conference was a statement o£Common and Agreed National Goals for Schooling in. 
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Australia. Over the following five years, there was a great deal of work undertaken 

in a collaborative manner among the States to develop curriculum as a result of this 

statement. In 1994 The National Curriculum Statements and Profiles were 

published by the Curriculum Corporation (Australian Education Council 1994). As a 

result of the introduction of the National Statements and Profiles, the Australian 

Education system is currently going through a period of change. The profiles aimed 

at providing guidelines in eight key learning areas. Science is one of these areas. 

The profiles provide a description of the progression of learning outcomes typically 

achieved by students during the compulsory years of schooling, that is, 5 - 16 years. 

Using these profiles as a base, most states in Australia developed system level 

documents for use in their state schools. 

The ACT Frameworks consists of an overview of the learning area in each subject. 

This includes definitions, rationale for teaching and across curriculum perspective. 

Areas covered are broad outcomes, assessment and reporting, discussion of learning 

and teaching and evaluation. In contrast to the usual concentration on subject matter 

and teaching methods, the emphasis of the frameworks is on what students know and 

do, that is, the focus is on outcomes-based education. The scope is Preschool to 

Year 12 which makes the document extremely relevant to early childhood programs 

(Preschool to Year 2). It could be assumed that these formative years provide the 

basis for all subsequent learning levels. 

There is an expectation that teachers will use the frameworks to develop programs 

following an outcomes-based approach. An outcomes-based approach is when a 

teacher maps the learning at an individual level through observations and analyses of 

process and products. The teacher then makes decisions about evidence of 

achievement in relation to the levels. This information results in a profile of the 
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child's learning in a particular area (Fleer and Hardy 1996; p.159). This serves as a 

tool to review and improve classroom practice, to review and improve curriculum 

documentation, report on student achievement and develop new curriculum. There 

is also an expectation that these documents will provide a basis for informing 

parents and community members, school boards and school administrators outhe 

progress OD system and school based curriculum. 

The science curriculum framework has been divided into five strands oDknowledge. 

It includes a process strand 'Working Scientifically' and four conceptual strands: 

Earth and Beyond; Energy and Change; Life and Living; and Processed Materials. 

These strands are the major structural organisers in the Science Curriculum. The 

process strand is integrally linked to concepts. It is based on the assumption that 

scientific knowledge is generated through hypothesising, questioning, analysing and 

testing ofodeas. The conceptual strands deal with scientific understandings, 

theories, ideas and knowledge. They draw from the traditional scientific disciplines 

(Australian Education Council 1994). 

In the Science Framework, expectations specific to the early years OD schooling are 

that the students are encouraged to express their own ideas about why things are as 

they are, and to give reasons. The children should begin to build a vocabulary OD 

scientific terms, predominantly the names and properties OD objects. There should 

be opportunities to explore everyday activities such as cooking, caring for animals, 

growing seeds and building. They begin to discover that people use scientific 

processes and knowledge in their work and everyday lives (Australian Education 

Council 1994). 
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In the area of energy and change, which includes forces, the specific outcomes are 

that children learn to recognise the ways in which energy can be used in their 

everyday lives. Students should have the opportunity to explore rolling, sliding, 

spinning, falling, flying and speeding up. They need to investigate the effect of these 

motions on the wind, pushing, pulling, striking, gravity, motors and magnets. They 

begin to recognise the conditions under which common phenomena such as 

shadows, rainbows, echoes and melting occur (Australian Education Council 

1994). 

An interesting feature of the outcomes stated in the frameworks is that early 

childhood teachers are required to teach some of the fundamental concepts of 

science and assess children's understandings of them. The role of the teacher also 

involves explaining, justifying and promoting science to parents, colleagues and the 

children in the class or centre (Fleer and Hardy 1996). 

In response to this expectation a need is created for further understandings of young 

children's conceptions of science and the identifying of effective teaching/learning 

strategies. It can therefore be proposed that insights gained will enable teacher/ 

professionals to provide extensive and effective learning opportunities in science in 

the early school years. 

Background to the Study .. 

There is a need to add to the small amount of research already present in the area of 

young children's understandings of science concepts. This will enable educational 

professionals to gain knowledge about how young children develop understanding of 

scientific ideas. In addition, curriculum writers and teacher educators will gain 

strategies for the teaching of science to this age group. 
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Before children are exposed to classroom science, they have already developed ideas 

about how and why things behave as they do. Research in this area has included 

studies which detailed children's knowledge o:fi the internal body (Fleer 1994 ), 

electricity (Fleer 1991), and digestion (Coulson and Smith 1994). These studies 

provided insight to children's understandings and indicated that 4 and 5 year olds 

have already formed ideas about scientific phenomena. Furthermore, research 

suggests that children hold views o:fi scientific concepts which can negatively 

influence further science education (Fleer 1992; Shapiro 1988). 

The childcare environment, the preschool and the infant's classrooms provide a very 

natural context for science education (Fensham 1991). Everyday experiences provide 

a setting for a rich scientific learning environment. However, according to recent 

research (Fleer and Hardy 1996) it appears that frequently, only the natural 

environment is studied ( for example, seeds and animals) and the physical 

environment is not considered (for example, physics, forces, electricity, mixtures and 

materials). As a result more needs to be understood about the teaching o:fiphysics to 

young children. It is the physical environment which is the focus o:fithe present study. 

A case study method was chosen for identifying young children's understandings o:fi 

forces. This approach is consistent with research in science education in Australia 

(Fleer 1994, Research in Science Education Journals 1985-1998). The present study 

aimed to observe the reactions o:fi children aged from 4 years 8 months as they related 

to the teaching sequence. The setting was the natural setting in which children take 

part in experimental teaching activities. The role o:fiteacher as researcher is also 

consistent with this method. The role o:fifamiliar adult is a key factor in qualitative 

research where the children studied are in a familiar learning environment (Bums 
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1992). Observations took place over a period o£five weeks and included the three 

week teaching sequence. Diary description 0£ the activities were kept to assist in data 

collection. These features are consistent with case study characteristics, (Cohen and 

Manion 1992). A single case study design was used featuring pre and post test 

interviews preceding and following a three week teaching sequence which used a 

modified interactive approach (Biddulph and Osborne 1984). 

Purpose of the Study ... 

The purpose o£the study was to investigate young children's understandings o£the 

science concept 'forces'. By recording reactions, behaviours and comments, it was 

envisaged that data obtained would be useful in giving insights into how young 

children learn about science. It was hoped that this data would reveal i£ prior views 

could be changed after the experience 0£ a three week interactive teaching sequence 

on forces. 

The study was about children's conceptual development prior to, during and after a 

teaching unit. Had the teaching approach only dealt with the transmission of 

knowledge, or featured process skills, it would have been harder to document what 

children were thinking. Interactive teaching involves children making explicit what 

they are thinking. It is a useful teaching approach for obtaining insights into 

children's ideas, and as a basis for gathering data. 

This study set about to determine whether young children had formed any opinions 

about forces and if1 after being exposed to the accepted scientific theory they were 

able to indicate any evidence o£higher level thinking or change in perceptions. The 

research design draws upon previous studies conducted in other areas ( electricity, 

Fleer 1991; internal body, Fleer 1994). 
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The Research Questions. 

Children in a preschool context were studied. 

Two specific questions were asked: 

1) What views do children hold about forces? 

2) How do children's ideas change as a result of being involved in an interactive 

teaching program on forces? 

Significance of the Study. 

The present project is designed to add original dimensions to the body of existing 

research on the nature of children's early knowledge and awareness of forces. It is 

significant in that it is the only documented account to the author's knowledge, of 

young children's ( under 8 years) understanding of forces. 

There are two outcomes to the present study. First, scholarly knowledge of young 

children's understandings of forces. Second, detailed knowledge of the Teaching -

Leaming process for young children on forces. There is an assumption that physics is 

one of the hardest areas in which to change misconceptions ( Gunstone and Watts 

1985). It could then be argued that children who are involved in a carefully 

constructed interactive teaching program will gain significantly, assisting them in the 

longterm. 

It is anticipated that evidence of quality teacher-child interactions with documented 

results of greater understandings will provide insight for teachers and education 

professionals in their role in science teaching. 



It is envisaged that this body of knowledge should help establish a stronger link 

between research, theory and practice in early childhood science teaching. 

Limitations of the Study._ 

The present study sought to develop an understanding in an area of science education 

for very young children. However no assumption has been made that this study is 

fully representative of all children aged 4-5 years. This sample of 30 children is only 

inclusive of the preschool level and not representative of early childhood education 

which includes children aged 3-8. 

Only one teaching/learning context was detailed in this study. This was a government 

preschool in a large capital city. As the data was gathered in the ACT from a sample 

of 30 in a preschool setting, the findings cannot be generalised beyound the 

population sample. Children from remote regions or from culturally different 

backgrounds may well have articulated other views. However, the study provides 

insight into what some children aged 4 to 5 years think about forces. 

The study focused on children's conceptual development rather than an evaluation of 

the teacher's ability to successfully implement an interactive teaching program. 

It is acknowledged that in the research design, the interview about instance and 

interview about events techniques could impose limitations in the types of responses 

given by the children (Schaverien and Cosgrove 1995). The method is a teacher 

dominated pattern of discourse ( teacher initiation, student response, teacher 

evaluation (Cazden 1988), and as such could detract from child initiated or 

spontaneous responses. 

Summary. 

This chapter has attempted to introduce the context for the present study. 
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It was shown that early childhood education is a crucial time for young children in 

their education pathway. For many children their first encounter with social 

situations, and formal teaching occurs at preschool. As young children are naturally 

curious about their world the challenge for early childhood educators is to make 

science the challenging, interesting and worthwhile experience that it should be. It 

was shown that some progress is evident in planning and teaching science to younger 

children. However, more needs to be understood about young children's 

understandings in science, particularly physical sciences and the teaching-learning 

process. 

In Chapter Two a briefireview of educational theories, science education and 

research into children's conceptions of scientific phenomena will be presented. A 

review of approaches to science teaching to young children and a brief overview ofi 

the history of forces and research relating to the teaching of this concept will also be 

included in this chapter. 

Chapter Three will explain the methodology used in this study. Current literature 

about research paradigms and the qualitative approach to research will be explored. 

A case study design was chosen for this study and is explored in detail in this 

chapter. Details of research design and research questions are presented. 

Chapters Four and Five illustrate the findings ofithe study. In Chapter Four children's 

investigations about forces are detailed. This chapter presents an account ofi 

children's progress during the three week teaching program on forces. Chapter Five 

presents data on children's understandings of forces both before and after the 

teaching program. In Chapter Six analysis and discussion of the findings is 
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presented. Patterns emerging from the research are detailed. Chapter Seven provides 

the conclusion and recommendations for the study. 
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Chapter Two 

Literature Review 

In the educational research literature very young children (aged 3-5) have been 

relatively neglected by developmental researchers (Deloach and Brown 1990). 

It appears that until the last decade there has been a general lack of knowledge about 

early development. The research which focussed on early childhood seemed to 

present data on what young children did not know and could not do, little emphasis 

was given to areas in which they may be knowledgeable and competent ( Donaldson, 

Grieve and Pratt 1983). 

This review chapter will outline briefly the more prominent theories that have 

influenced science education research and the subsequent models developed as a 

result of that research. 

Section one ofithis chapter will examine earlier and recent theories of how children 

think and learn. In section two, selective research into children's conceptions of 

scientific phenomena will be presented. This will be followed by section three which 

will reveal the need for further research in this area, review a number of approaches 

to teaching science to young children and encapsulate theories and research from the 

preceding two sections. Section four will include a brief overview of the history of 

forces as a scientific study. It will highlight selective studies which have been 

conducted with students and adults to find out about what they know about forces 

and to establish effective teaching-learning strategies. 
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In this chapter the literature is explored to gain understanding about how young 

children learn science concepts and to provide a theoretical basis for the present 

study. 

Section 1. Learning Theories. 

In order to enable us to better understand how children create meaning or make 

sense of their environment, it seems necessary to gain some knowledge of the 

complexity of their thinking. Leaming theories have profoundly influenced the 

teaching of science over the last forty years. In this section learning theories will be 

examined for their description of early ideas and the extent to which they have 

influenced current theories. 

In the science education research literature different parts of a theory have been 

emphasised according to the theoretical orientation of the researcher. There seems to 

be consensus however, that there were three dominant traditions in education 

theories which have impacted on the teaching of science (Driver, cited in Gunstone 

1988). These are the developmental tradition ( which has emphasised age-related 

stages argued to have major determining impact on what can be learned), the 

behaviouralist tradition ( which has emphasised cumulative learning through small 

steps and reinforcement) and the constructivist position (p.84). In describing the 

influences the early theories had on science teaching practices Appleton ( 1997) 

noted: 
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Traditionally, behavioural learning theories dominated education, then 

developmental theories held considerable sway, but the more recent 

theories are collectively called constructivism (p.43). 

The constructivist view OD children's learning in science has been the object OD 

numerous research studies (Thijs 1992; Osborne 1985; Barbour 1985; Driver, 

Guesne and Tiberghien 1985). This view contends that individuals construct their 

own knowledge in ways that are personally meaningful. The constructivism 

approach to teaching science uses this information to further develop existing ideas 

about a phenomena. That is, people's past experiences, including feelings, are 

organised into related ideas called schemes (Appleton 1997; p.46). These schemes 

are used to interpret and make sense oDnew experiences. As new experiences are 

encountered which do not fit the existing schemes, changes are made to fit the new 

information by either modifying some schemes or creating new ones (Appleton 

1997; p.46). The implication oDthis theory is that learners are perceived as actively 

constructing meaning for themselves from all experiences. 

In a review OD articles published in the ~ournal Research in Science Education 

(RISE) Skamp (1992) commented; 

Research based on constructivism started to focus on young learners in 

RISE articles from 1983. An important influence was the Leaming in 

Science project (LISP)(Primary) which commenced in February 1982 at 

the University oDWaikato, Hamilton, New Zealand (p.44). 

Skamp (1992) goes on to say that many Australian primary science education 

researchers have been influenced by this project through~oint conferences and 

collaborative research efforts under the LISP plan which guided the study over 
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succeeding years. As a direct result of this project the 'interactive teaching' 

(Biddulph and Osborne 1984) approach emerged. 

Over the last decade, constructivist theories have influenced most of the teaching of 

science. They fall into two broad groups- cognitive constructivism and social 

constructivism. Cognitive constructivism is derived from cognitive psychology 

which includes the work ofKohlberg and Piaget. Social constructivism is derived 

from theories based on the work ofVygotsky. Vygotsky's theory will be examined 

briefly further in this section. 

Cognitive Constructivism. 

Piaget's Theories. 

Studies of children's conceptions have a long history, mostly in clinical settings. One 

of the earliest systematic attempts to examine children's conceptions of the physical 

world was carried out by Piaget (1929, 1930). 

Piaget painted a compelling picture of how children construct and acquire 

knowledge (Wadsworth 1989 ). This conception was based on sixty years of 

rigorous observation, thought and research. Piaget's theory was developed as a 

result of data collected from over one hundred studies focussing on the 

question of causality in a range of contexts. The children were given physical 

tasks to do and their understandings were assessed using a clinical method, 

that is, asking individual children carefully selected questions and noting their 

responses and their reasoning for those responses. 

Through the systematic and detailed observation made of children over time, Piaget 

identified specific characteristics of children's thinking at different ages. His theory 

is characterised by four stages of development indexed by chronological age. They 
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include: sensorimotor (birth - 2 years): preoperational (2 - 6 years); concrete 

operations 6 - 12 years; and formal operations (12 years onwards) (Gage and Berliner 

1979; p.155). As it is the 2 - 6 year age group this study is involved with, in Piaget's 

definition - pre operational, the assumptions of this stage only will be explained. 

The pre-operational stage is marked by some dramatic attainment. Language is 

acquired rapidly. Thought is symbolic and no longer restricted to immediate 

perceptual and motor events. Perception still dominates reasoning so that when 

conflicts arise between perception and thought, children using pre-operational 

reasoning make judgements based on perception. Behaviour is still largely egocentric 

and non-social. These characteristics become less dominant as the stage proceeds. As 

cognitive development proceeds so does affective ( emotions and feelings) 

development. This results in the constant construction of new and improved 

cognitive schemes (Wadsworth 1989). 

Social interaction, whilst acknowledged in Piaget's work, is given little emphasis 

when discussing pre-operational (below 6 years) children. Children in this stage are 

considered to be too egocentric to benefit cognitively from engaging in peer 

interaction (Watson 1997; p.12.) 

Another aspect of his research was Piaget's theory of how children acquire and 

develop knowledge (intellectual development). His theory consisted of two 

developmental processes, assimilation and accommodation. Assimilation was 

described as taking in environmental stimuli and accommodation consisted of the 

re-arrangement and modification of mental structures (representations of the world) 

leading to a change in what the individual can do. Thus the child's cognitive structure 

arrives at a state of equilibrium (balance) (Wadsworth 1989; pp.13-15). Children, 
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according to this theory, learn about the world by acting upon the environment and 

assimilating old information with the new. 

Piaget often discussed the relations between equilibration and learning (Donaldson 

1984; p.145). According to his theory learning is by no means synonymous with 

development. Rather, he equated learning with the acquisition of knowledge from 

some external source - that is, he contrasts it with acquisition as a result of one's own 

activities. Piaget's theory included the belief that fundamental developments take 

place by means of active construction and self regulation. For example the possibility 

that teaching may make a real difference will depend on the stage the child has 

reached. According to Donaldson (1984): 

learning is subordinate to the subject's level of development (p.145). 

For quite some time (1930 - 1950's) Piaget's theories were widely acknowledged and 

proven to be influential in curriculum development, teaching pedagogy and research 

itself (Donaldson 1984 ). 

In recent years, some researchers in science education have drawn upon Piaget's 

theory oflearning. Appleton (1997) has examined aspects of Piagetian ideas which 

are considered relevant. He suggests that much of the focus of attention by educators 

on Piaget's work seems to have been misplaced (p.47). Appleton (1997) suggests 

that instead of emphasising the stages as described earlier in this section, more value 

should be given to Piaget's ideas of how we acquire knowledge, that is, his theory of 

assimilation and accommodation. 
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Appleton (1997) emphasises that a crucial factor of Piaget's ideas is that it is the 

learner who learns. Leaming does not necessarily occur because the teacher teaches. 

He also suggests that learning is enhanced when the learner has control and choice 

on what to learn (p.47). 

Freyberg and Osborne (1989) in their studies of children's views of science 

education have reported over the last decade that there has been much discussion 

about developmental stages and their possible constraints on what can be learned at 

each stage (p.85). In studying the work recorded in this area, they have noted that the 

same specific response is given by a wide range of ages. Osborne and Freyberg 

(1989) suggest that results taken as a whole seem to indicate that there is such a 

range of ages at which specific responses are given that no general stage theory could 

adequately explain them (p. 85). 

There is also evidence in research that it is not only the views about science concepts 

which influence science learning but also the general life experiences and context to 

which the children are exposed. 

Social Constructivism. 

There has been an increasing awareness among constructivist theorists over the last 

few years of the importance of the social context in science learning. 

Appleton (1997) suggests that: 

While theorists such as Piaget and Osborne and Wittrock acknowledged 

that the social contexts may influence the process of cognitive 

restructuring, there has been a growing feeling that the social context 

plays a greater role than at first anticipated (p.50). 

Concerns about individualistic views of learning were initially expressed when 
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Piaget's cognitive learning theory was first introduced because it did not take into 

account the learners social context. 

One of the main criticisms of Piaget's work is that the social context of the learner is 

given little attention. As a result of this criticism, theories emerged which put a much 

greater emphasis on the social context of learning. Vygotsky' s work on socially 

constructed learning offers insight into how children learn science concepts. 

Vygotsky was considered to be a developmental or educational psychologist. One of 

the most fundamental assumptions that guided Vygotsky's attempt to reformulate 

psychology on Marxian foundations was that in order to understand the individual, 

one must first understand the social relations in which the individual exists (Wertsch 

1985; p.58). 

Vygotsky' s theory agrees upon the constructive nature of cognitive development 

proposed by Piaget. It is in relation to the influence of social interaction where the 

two theories are different (Watson 1997). 

Like other theorists, such as Piaget, Vygotsky viewed internalization as a process 

whereby certain aspects of patterns of activity that had been performed on an 

external plane come to be executed on an internal plane. Unlike many other 

theorists, however he defined external activity in terms of semiotically mediated 

social processes and argued that the properties of these processes provide the key to 

understanding the emergence of internal functioning (Wertsch 1985; p.59). 

Vygotsky believed that it is social interaction which shapes children's cognitive 

development from infancy. That is, the student is immersed in its socio-cultural 

context and cognitive development cannot be separated from it - the student's 

cognitive development takes place in this context and so the context becomes part of 
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the cognitive development (Appleton 1997). The process of cognitive development 

occurs through social interaction with adults, teachers and peers and the use of 

language. He developed a theory about the zone of proximal development. 

Vygotsky defines the zone of proximal development as the distance between the 

actual development level as determined by independent problem solving, and the 

level of potential development as determined through problem solving under adult 

guidance or in collaboration with more capable peers. Building on this theory of 

social constructivism, Bruner developed the process of providing structured 

assistance known as scaffolding (Bruner and Haste 1987). Scaffolding can occur in 

social structuring or in language forms and can be facilitated by an adult or capable 

peer who provides experiences just beyond the student's current capability and this 

helps the student work towards a new level of performance. 

Discussion 

Both Piaget and Vygotsky' s theories have had profound influence on the formulation 

of theories and learning strategies for the teaching of science to young children. 

As discussed earlier in this section the links between the theorists have some 

similarities, for example, the acknowledgement of social influence, but differ in the 

emphasis put on certain assumptions of these theories. A clear understanding of the 

earlier theories was sought to provide an orientation for a program aimed at teaching 

young children. Much of early childhood education is influenced by Piaget's theories 

and it appeared to be valuable to consider his theory as one of several ideas, 

especially in the light of current research. 
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Section 2. Science Education Theories. 

In the previous section, theories of how children think and learn were examined. 

This section will highlight the principles of these theories which have influenced the 

direction of science education research. 

Current science education research has taken several paths of investigation. Among 

these are finding out what children know about a certain concept or phenomena, how 

children construct this knowledge, and identifying teaching learning strategies 

which will build on or change existing views. As previously discussed, a significant 

influence on science education has been constructivism. Research into children's 

views in science has led to the development of a theory on misconceptions or 

alternative views. These terms are used to describe the ideas children have which fall 

outside the scientifically accepted explanations for a range of science concepts. The 

following section examines the literature on children's alternative views and 

identifies important influences upon their formation and development. 

Alternative Views. 

Within the framework of constructivism, there is a view that children do possess 

ideas that influence the present and future construction of concepts (Bloom 1990). 

Watson (1997) in her study on conceptual change argues: 

the term preconceptions refers to those earliest beliefs that children develop 

about the world. These beliefs frequently develop before any formal instruction 

is given (p 12). 

She states that it is when these preconceptions are not aligned with the scientists 

views, that they are termed 'misconceptions' (p.12). 
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In support OD the theory that children already hold ideas. Driver, Guesne and 

Tiberghien (1985) make the observation that many children come to science classes 

with ideas and interpretations concerning the phenomena that they are studying even 

when they have received no systematic instruction in these subjects whatsoever. 

Children form these ideas and interpretations as a result OD everyday experiences in 

all aspects OD their lives, through practical physical activities, talking with other 

people and through the media. 

Experienced teachers and researchers realise that students do have their own ideas 

about phenomena, even iD at times these ideas may seem incoherent from the 

teachers point OD view. It is also recognised that such ideas often persist even when 

they are not consistent with the experimental results or the explanation OD a teacher 

(Watts 1983; Gilbert and Watts 1983). Driver, Guesne and Tiberghien (1985) refers 

to these ideas as "stable" ideas (p.4). 

Other references to these ideas include alternative views (see Osborne and Freyberg 

1989; Kruger 1991) and misconceptions (Rowell, Dawson and Lyndon 1990; Thijs 

1992). Further discussion into the misconceptions or alternate views that children 

hold about forces occur later on in this thesis. 

Rowell, Dawson and Lyndon (1990) have defined misconceptions (with regard to a 

science concept) as explanatory or theoretical knowledge that is judged to be wrong. 

In elaborating on this the study also refers to these misconceptions as reliable aspects 

OD an individual's theoretical knowledge. That is, the individual's misconceptions or 

existing knowledge is the starting point for any further progress irrespective OD 

whether it is judged in scientific terms to be limited or wrong. 
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Driver, Guesne and Tiberghien (1985) propose; 

student's minds are not blank slates able to receive instruction in a neutral way. 

On the contrary, students approach experiences presented in science classes 

with previously acquired notions which influence what is learnt from new 

experiences (p.4). 

This view is extremely pertinent to that of early childhood science and therefore to 

this study. Early childhood science can be regarded as the foundation of consequent 

science experiences in later school years. 

This argument is also supported in Osborne's (1989) study where he defines alternate 

ideas as firmly held ideas which are different to those of scientists. He argues that 

children always have preliminary ideas which influence their thinking about any 

topic. He suggests the teacher should aim for at least some children to exchange their 

existing ideas to those of scientists, to develop a more scientific perspective, or to 

gain an additional perspective related to their earlier ideas. 

Posner, Strike, Rawson and Gertzog (1982) as cited in Osborne (1989) consider that: 

If children are to change their ideas, then they must first feel that their present 

ones are unsatisfactory in some way (p.47). 

Osborne (1989) suggests that dissatisfaction with a view may not in itself be a 

sufficient reason for discarding it. Children, like scientists, will not usually reject an 

idea unless they have an attractive alternative available to them (p.47). 

As addressed previously in this section there has been a wealth of published research 

identifying misconceptions in the understanding of scientific concepts by students. It 

is interesting to note that relatively little has appeared detailing how misconceptions 

might best be changed, and why any proposed strategy might be expected to work. 
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Driver, Guesne and Tiberghien (1985) report it is often noticed that even after being 

taught, students have not modified their ideas in spite of: attempts by a teacher to 

challenge them by offering counter - evidence. Examples of: this are evident in 

several research studies such as, Watson 1997, Vosnidour and Brewer 1992 and 

Inagaki and Hatano 1987. 

As discussed later in this thesis even the very young child has ideas about things and 

these ideas play a role in the learning experience. Many different authors such as 

Ausubel, Piaget and Wallen (Driver 1985) have incorporated this notion as an 

integral part of:their theory. Driver (1985) concludes that what children are capable 

of:learning depends, at least in part, on" what they have in their heads" (p.4) as well 

as on the learning context in which they find themselves. 

There is only a small amount of: research which takes into account the child from 4 

years as an active science learner (Skamp 1992; Fleer 1992; Fleer and Hardy 1996). 

Therefore while the above information serves as useful background in seeking more 

knowledge about how children construct meaning it is well to remember that a major 

function of: early childhood science is to enable them to form scientifically accepted 

ideas and a minor role is to encourage change in concepts already held. 

Theorists such as Vygotsky, Piaget and Bloom offer insights into how young 

children's ideas change as a result of: instruction or social context. In the following 

section Bloom's typology is explored to add depth and richness to the information 

available about how young children construct meaning. 

Bloom (1990) conducted a study which sought to explore the composition of:young 

children's contexts of:meaning. The major concerns involved identifying: a) potential 
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underlying beliefs that may influence the construction of concepts; b) cognitive 

processes that contribute to the construction of concepts and meaning; c) variables 

that affect conceptual development and variables that may influence the construction 

of meaning. 

Research by Bloom (1990) revealed a typology which was generated from data used 

in a project involving children's understandings of live earthworms. The typology 

establishes a profile of the psychological components that interact in the process of 

the construction of meaning. The typology consists of four general divisions; a) 

knowledge (semantic and episodic); b) mental processes including inferring 

perceiving, describing and explaining; c) frameworks of belief; and d) emotions 

values and aesthetics. 

Bloom (1990) indicated the various components of the typology interact in ways that 

create personal contexts of meaning for each child. Such contexts of meaning are not 

strictly scientific in nature, nor are they strictly logical or rational. Instead, the 

contexts contain a wide variety of associations to different types of information, 

beliefs, emotions, values and aesthetics. Contexts of meaning expand and change as 

they overlap and interact with other contexts. 

Conclusions and recommendations from Bloom (1990) indicate that researchers and 

teachers should be working with the children to incorporate scientific concepts into 

their contexts of meaning, that is, into what they already know or experience about 

their world. In addition, if teachers want children to adopt more scientific concepts 
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then science lessons should be addressing more than the specific concepts 

themselves. 

That is, to encourage the children to explore the contexts of meaning surrounding 

that concept, rather than controlling the concept directly (p.560). 

This is consistent with the National Frameworks science stream which includes skills 

such as working scientifically, alongside learning about specific phenomena 

(Australian Education Council, 1994). As early childhood learning is essentially the 

beginning of science learning then it is proposed that Bloom's theory has important 

underpinnings for greater understanding of the early learner. This assumption seems 

to fit the purposes and context of this study which seeks_ to draw out the scientific 

knowledge within the everyday setting of the pre-school child interacting with the 

law of forces. 

It is therefore proposed that there is a need to explore an approach to science 

teaching which is sensitive to young ch~ldren' s alternative views. A brief discussion 

of a number of teaching strategies and approaches based on the ideas presented in 

this chapter follows. Some of these principles are now being applied to science 

teaching (Appleton 1997). 

Approaches to Science Teaching 

Appleton (1997) defines a teaching approach as a way of structuring and linking 

several lessons which are focused on the same topic (p.112). A teaching approach 

would therefore consist of a series of teaching strategies, possibly with links to 

similar routines. There are many teaching approaches used in science, some with 

several variations. Recent developments in Australia indicate that an interactive 
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teaching approach is consistent with current thinking about effective methods of 

teaching science to children (Hardy 1992; Skamp 1992; Fleer 1992). 

Interactive teaching is a constructivist based approach which encourages the learner 

to share their prior ideas. This approach is quite different from other approaches 

often used to teach science and it was the teaching approach used in this study. 

Four approaches to teaching science will be outlined briefly in this section. They 

include discovery, transmission, process and interactive approaches. The interactive 

approach is discussed in detail in the design and methodology chapter of this thesis. 

The discovery approach to science conveys a view that the laws of nature are 'out 

there' waiting to be discovered. It is based on an assumption that learning arises 

from learners observing and manipulating their environment and will happen when 

the learner is at the right stage of development. This is consistent with Piaget's ages 

and stages approach and is heavily based on his theories. 

This approach is common in many early childhood settings. Teachers provide a 

science table for children and focus on helping the children discover the science 

inherent in the objects placed on the table. The difficulty is that in this approach it is 

not always possible to determine children's existing ideas or be aware of what they 

are discovering. 

The transmission approach to science occurs when teachers tell their children 

about things to do with the world of living things, materials, toys and tools. This 

conveys the message that science is a body of knowledge with right answers rather 

than an ongoing search for better and better answers (Kirkwood 1991; p.12). 
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This approach is difficult to implement at an early childhood level. Some 

'controlled' experiments are included in this approach with the emphasis on correct 

answers. In an early childhood setting, formal instruction and a teacher directed form 

of conveying knowledge is not age or situation appropriate. Young children need to 

use all senses to acquire knowledge and also need opportunities to form and answer 

further questions. 

The process approach to science is seen in classrooms where children carry out tasks 

involving measuring, designing, hypothesising and observing . The doing of 

"scientific method" is seen to be an important feature of scientific endeavour and it 

is assumed that learning these skills enables children to develop problem solving 

abilities. The children in an early childhood setting spend much time on what would 

appear to be a process approach. They explore, experiment and manipulate objects 

within their environment. However, inherent in the process approach is the 'doing' 

rather than the knowlege the children bring to the task or the questions they ask 

during the process. 

Kirkwood ( 1991) states that, 

each of these three approaches has something unique to offer science teaching 

and learning but all of them presuppose that the learner comes to the learning 

situation with no relevant existing knowledge (p.12). 

This contrasts with an interactive approach in which new knowledge is perceived to 

be built on existing knowledge (Biddulph and Osborne 1984 ). This approach arose 

out of research into the teaching and learning of science in primary school 

classrooms in New Zealand (Osborne and Freyberg 1989; Biddulph and Osborne 

1984). Biddulph and Osborne (1984) argue that this approach is intended to convey a 

view of science as an individual and collective activity to make better sense of the 
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world. It presents the view that the learners, using their existing ideas and 

experiences construct their own knowledge. In this approach children's questions are 

used to frame the learning experiences in classrooms and centres. It has been argued 

elsewhere that an interactive approach is a suitable approach for teaching science to 

young children (Fleer 1992). 

Discussion 

In this section it has been shown that children do have knowledge about a range OD 

science concepts and these ideas influence how further developments in knowledge 

and construction occur. It was also shown that an interactive teaching approach is 

more appropriate for trucing into account and working with the range ODViews held 

by children. 

Conclusions and recommendations from this study are that essentially, researchers 

and teachers should be more concerned with encouraging children to incorporate 

scientific concepts into their contexts oDmearring, that is, into what they already 

know or experience about their world rather than trying to replace 'misconceptions' 

with scientific conceptions (Bloom 1990). 

This recommendation has significant impact for the teaching OD science in early 

childhood settings. It is evident in interactions with young children that their 

experience base is limited and they are very much in the process oDforming 

opinions about how their world works and why things happen. 

The early childhood educator is therefore in a critical position to provide correct 

scientific explanations and to guide in the acquisition OD this information. This is a 

very good example oDBloom's recommendation to provide the scientific concept 
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within the child's context. The teaching of forces is especially relevant to the 

children's contextual setting. In an early childhood classroom it is not necessary to 

bring in special equipment to explore the laws of pushes and pulls, inertia, motion 

and gravity. It is only necessary to heighten awareness of existing activities and 

equipment to provide correct scientific information to complement the child's 

learning experiences. 

Section 3. Science and Young Children 

If early childhood science is to be valued in research and in practice it is essential 

that developments in greater understanding of this area be acknowledged. Until 

very recently, much of research and inquiry into science concentrated on upper 

primary and secondary students (Hardy 1992; Skamp 1992; Fensham 1991). 

In a review of early childhood science education Fensham (1991) suggests: 

In general, despite the rhetoric of a number of official reports and the 

formal allegiance in curricular statements that science is important 

throughout the whole of schooling, there is no consistent and coherent 

community, grass roots, and administrative support for the learning of 

science to be part of early childhood education (Fensham 1991; p.4). 

Fensham (1991) also challenges teachers to view the home, kindergarten or early 

childhood classroom environments as rich sources of encounters with simple 

technology and natural phenomena. Clearly a receptive environment for science 

learning exists in the early childhood classroom setting. The inherent challenge is 

that this rich potential for effective science teaching is acknowledged and acted on. 



32 

In a review of papers submitted over the past fifteen years to Research in Science 

Education (R.I.S.E), Hardy (1992) made the point that there was very little 

discussion on the education of children at the early childhood level. He goes on to 

say that far more attention needs to be given to research which helps us to develop a 

strong rationale and clear aims for science. 

The present study provides original data in an area of science education not usually 

taught to young children. It is envisaged that this will give educators a clearer 

understanding of the abilities of young children to grasp science concepts. 

Skamp ( 1992 ), in a review of the main research themes and trends that occurred over 

the period 1980 - 1990 in RISE journals revealed that from 122 articles 

reviewed, only one (Fleer 1990) included children in the age category of five years 

and under. He reported that this was the first report to be published in RISE which 

involves young learners. Consequently little is known about the development of 

young children's conceptions of scientific phenomena, nor is there much 

understanding of how to teach science concepts to this age group. It is only recently 

that attention is being given to the lack of varied and in-depth material available on 

young children's experiences with science teaching. These omissions or silences in 

the science education literature imply that science is not pertinent to children in the 

early childhood years. The study which is presented in this thesis is an attempt to add 

to the small body of literature on young children's experiences in science. 

Early Childhood Conceptions of Scientific Concepts. 

Carr (1994) suggests in her review of research in early childhood science education 

that; 
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The literature on science education in early childhood has mainly 

focused on allowing the world of the scientist to become more 

accessible to the young child. Useful analyses have found tasks 

that are of interest to young children, and devised ways of both 

finding out what children know already and encouraging greater 

understanding at the children's level (p.28). 

It is only recently that research has focussed on the teaching-learning process in the 

early childhood area. The studies which have been conducted have examined 

children's understandings of a range of scientific concepts. 

A brief discussion of some of these studies will be presented in this section. 

Research evidence in areas such as electricity (Fleer 1991) the internal body (Fleer 

1994) and digestion (Coulson and Smith 1994) has found that young children have 

already formed opinions and views on these concepts. In the research, which has 

adopted a design which combined a teaching sequence with pre and post interviews, 

it has also been shown that young children ( 4-5 years) are able to replace existing 

alternate views or misconceptions with correct scientific information (Fleer 199t 

Fleer 1994) 

In the study of young children's understandings of their internal body, Fleer based 

her research on the assumptions that~ 

children's views about their internal body would be as broad or narrow 

as their experiential level in this area (Fleer 1994~ p.66). 

This view represents a shift in emphasis. The practice by some school systems and 

adults to classify children's knowledge according to the child's chronological age 
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and development stage (Piaget's concrete stage for 3-5 year olds) is being 

challenged. Instead, Fleer (1994) contends that it is the amount o£exposure or 

experience encountered by the child that ultimately helps to determine the level 0£ 

their understandings. 

In this study on forces a similar position was taken. The children's everyday activities 

such as bouncing and throwing balls, playing with toy cars and trains, building with 

blocks, using swings, see saws and slides and all types o£water and sand play all 

help to expose the children to the law 0£ forces. This study is therefore based on the 

assumption that the more time children spend in these activities, the greater will be 

their understandings 0£ how forces work. 

Coulson and Smith (1994) in a study on children's nutrition state that; 

For nutrition education to be effective it must take account 0£ 

the learner's existing ideas (p.32). 

This study explored young children's ideas regarding two specific aspects 0£ food: 

What happens to food and their grouping 0£ foods. Children studied were aged 3-5 

years. 

Generally the children envisaged food remaining unchanged inside their bodies. 

Children's grouping 0£28 different foods indicated that fruit and vegetables were 

consistently placed together, but that foods in other traditional groups were not. The 

reasons the children gave for their placing 0£ foods included considering the type or 

origin o£food, sensory characteristics, (particularly colour) and cultural factors 

relating to the eating 0£ food. Information gleaned from the children's responses 

indicated that there appeared a greater intuitive understanding than what they were 
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able to articulate. It was accepted that the children already had existing idea's about 

how some ofithe foods should be grouped (p.35). 

Experience and contact with various foods is also an example ofi a phenomena which 

most young children have some experience with. This study indicated that results 

showed that this experience gave the children knowledge which was then used to 

classify the foods. 

Bailey and Weippart (1991) report that research has promoted the notion that youn~ 

children are able to undertake many cognitive tasks which were previously thought 

to be the province ofi older children only (p.31 ). It could be argued that evidence ofi 

children's progression in areas such as physics, electricity and body knowledge 

provide evidence for this proposal. 

Gunstone and Watts (1985) in their paper on the major issues raised by research into 

the areas ofi force and motion argue that students do have ideas about force and 

motion before they enter the science classroom. They assert that this is true even in 

contexts where students may not be able to articulate a model. The example given is 

ofi a child riding a bike. It becomes clear that the child demonstrates knowledge 

about when to pedal and when to brake on each occasion that the bicycle is ridden. 

This indicates that even before formal teaching occurs the child has some view ofi the 

relationships between pushing pedals, applying brakes and moving in various ways. 

Discussion. 

Based on the research presented in this section it can be argued that first hand 

experience affects the knowledge that even young children (3-5 years) bring to a 

learning environment. The above studies use the content or knowledge available 
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from the biological, physical and technological world as the starting point to 

encourage children to develop their own views. Tasks are introduced that are 0£ 

interest to young children and this provides ways 0£ finding out what children 

already know while also encouraging greater understanding at the children's level. 

This research has provided useful analyses for developing framework and models for 

the present study. Inagaki (1992) argues convincingly that very young children can 

become experts on topics in science that interest them and they should be 

encouraged to do so. It is therefore proposed that young children do have perceptions 

0£ scientific concepts before formal teaching occurs. The present research aims to 

add further insights into the productive thinking skills and problem solving skills that 

children bring to their science learning. The study also seeks to add to the small body 

o£1iterature on young children's experiences in science. 

Section 4. The science concept of Forces. 

The science concept 0£ forces is one which is not commonly taught to young 

children. Studies 0£ oider students and teachers (Kruger, Palacio and Summers 1992) 

revealed that there is often uncertainty and apprehension associated with the learning 

0£ or explaining 0£ the scientific view 0£ forces acting in everyday situations. 

For the purposes o£this study it was necessary for the researcher to clarify the 

knowledge held about this scientific concept. In order for the science component to 

be taught accurately, effort was made to develop towards scientist's understanding 0£ 

forces. It was also felt imperative that the researcher was quite clear about the 

scientist's views o£forces in order to correctly analyse children's views. To assist the 
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reader to appreciate the complexity 0£ this concept a brie£ description 0£ the 

historical perspective and the progression 0£ the scientific theory 0£ forces follows. 

The concept o£force itsel£has quite a curious history. Even comparatively recentls, 

the concept was vague and not clearly isolated in science (Gunstone 1988). Theories 

0£ motion proposed by Aristotle and Galileo were challenged by Newton's laws. 

AJ:.istotle adopted a philosophical approach to force. He felt that there was a 'grand 

scheme' for the purpose 0£ motion and described force as objects having an innate 

quality which he called a "homing instinct". Aristotle did not believe that 

measurement and mathematics could help to develop his understanding o£motion. 

He~umped to conclusions based on a few examples (Stinner 1994). 

For Aristotle, forced motion was maintained by forces. The source 0£ 

the force was the air around a projected object (like a stone thrown in 

the air) which pushed it along on its way. Buridan's impetus theory was 

a development 0£ this. Here, the maintaining force was the 'impetus', 

an internal source 0£ force which the stone was given when thrown. In 

that case the force pushed the stone until it was used up. The 'natural' 

vertical motion then took over and the stone returned to earth. 

(Gunstone and Watts 1985). 

Galileo was interested in what he could observe and measure. He sought to explain 

the action 0£ force using a mathematical approach. Galileo was a lateral thinker and 

he realised his investigations o£motion challenged the view o£Aristotle. His ideas 

were developed further by Newton in formulating his laws o£motion. 
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From a Newtonian perspective - "A body continues in its state of rest or of uniform 

speed in a straight line unless it is compelled to change that state by external forces 

acting on it" (Newton's first law). Pushes and pulls are forces. A push is a force 

exerted away from the person and towards the object. A pull is a force exerted on 

the object so that it moves toward the person. A force can set an object in motion, 

change its direction or speed, stop it or change its shape. Whereas previously it was 

force and velocity that were seen to be proportional to each other, in Newton's laws it 

is force and acceleration. It is Newton's laws that form the basis of school physics. 

Physicists would generally agree that the concept of force is a basic and central 

concept in the learning of physics (Osborne 1985). 

Gunstone and Watts (1984) make mention that in several examples ofresearch it is 

interesting to note that researchers have described students' conceptions of force and 

motion as Aristolian, others have described the conceptions as similar to the 

medieval impetus theory. In one sense it could be argued that these labels are 

irrelevant as no youngster has conceptions of these issues with the breadth and 

internal consistence of, say, Aristotle or the fourteenth-century French scholar 

Buridan. However, these labels do serve to remind us that Aristotelian and impetus 

views of force were seen as logical and reasonable for fine minds for long periods of 

time. One major reason for this, of course, is that it is quite possible to make daily 

observations of phenomena which support either view. In general, it is very 

reasonable to suggest that large numbers of students and adults have used such daily 

observations to build up models to allow them to make sense of their world. These 

models, albeit in some cases poorly articulated and inappropriate in terms of the 

current views of physics, are brought into the classroom. 

These views are brought into conflict with the usual school science of teachers and 

textbooks. Tmjs (1992) summarised the essential misconceptions in the subject area 
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0£ force and motion based on the results 0£ much research in the area. It was found 

that a majority 0£ secondary school students harbour common misconceptions. For 

example, students generally associate a continuing motion with a continuing force. 

This "mental model" leads to the following misinterpretations:(!) in a rest situation, 

no forces ( or only the force 0£ gravity) are present~ (2) when an object moves at a 

constant speed, a force is acting in the direction 0£ the motion, which is necessary to 

overcome counterforces~ (3) a force exerted on an object is imparted to that object as 

an acquired "impetus"~ (4) the impetus o£a moving body will gradually weaken, for 

example, through friction or gravity~ and ( 5) an increasing velocity requires an 

increasing force in the direction 0£ the motion. 

Research in Children's Views o£Forces. 

Within the framework o£research articles on children's perceptions o£force, it was 

not possible to locate any research studies 0£ children under 8 years. Most articles 

refer to students aged 9 -19 years. The most helpful texts in this area gave a broad 

overview o£the major issues involved in research and teaching force (Gunstone 

1988) and children's intuitive ideas about force and motion (Osborne 1985~ Osborne 

and Freyberg 1988~ Thijs 1992). 

Research which has investigated children's views o£forces include a study by 

Osborne (1985) concentrating on children from 8 years to ascertain their existing 

views. Osborne (1985) found that children's ideas about force and motion, about 

how things move and why they speed up or slow down, are frequently quite different 

from scientific views on these matters. An interview about instance technique was 

used consisting 0£ diagrams 0£ situations in which forces are present. Students are 

interviewed and asked to give ideas on the diagrams. It was found that some 

children's perceptions relate to the views 0£ scientists 0£ earlier times. In a survey 
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which measured statistically the prevalence of a Newtonian view of science, less 

than 22% of children aged 13 -17, held a Newtonian view of forces. Newton's 

theories form the basis of physics teaching both in UK and Australian schools. 

Conclusions drawn from this study were that it is important that teachers 

become aware of children's intuitive ideas about force and motion and that 

teaching programs should incorporate both children's and scientific views. It 

is necessary to first help children to clarify and perhaps to re-label their ideas 

in a way that will help them move towards a more Newtonian perspective. 

Thijs (1992) conducted a study to evaluate the effectiveness of a course 

implemented in 1990 by four teachers in seven classes of year nine and equivalent 

at a secondary school in the Netherlands. The objective of the study was to 

evaluate whether the course was effective in reducing misconceptions on force and 

in identifying which students benefit from the constructivist approach. The sample 

consisted of 190 students aged 15 years. 

As this teaching program and the research study was conducted with 15 year olds, 

the method of answering written questions about forces acting and then taking part 

in practical activities in 'test' situations were not able to be replicated or even 

modified for working with young children. 

The conclusions reached were that the course helped to improve the qualitative 

understanding of the concept of force and that the lessons were effective in changing 

students' ideas towards scientifically correct conceptions. The results were relatively 

positive about the constructivist approach in teaching forces. This approach seemed 

to benefit students who valued the opportunities of discussion with others. 
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Thijs (1992) concluded that; 

in the "constructivist" view, students are seen as active learners, who make 

sense of the world by constructing meanings and linking new information with 

past experience. Thus, learning involves the generation and restructuring of 

students' conceptions (p.172). 

Gil and Solbes (1993) conducted a research project with the purpose of revealing 

how modern physics is introduced at the high school level and the underlying image 

of science projected at this level. They analysed a sample of 42 Spanish text books 

on physics and interviewed 63 practising high school teachers. 

In their results they showed that modern physics is usually introduced by high school 

curricular without reference to the difficulties of classical physics; either ~uxtaposing 

both paradigms or even mixing them up. They argue that this gives rise to serious 

misconceptions. Within the research they then presented another way of introducing 

modern physics that is based on a constructivist view of science learning. Results of 

this particular area of the project show an improvement in understanding obtained 

with this approach. 

An interesting study conducted in the United Kingdom by Kruger, Palacio and 

Summers (1992) was aimed at ascertaining primary teachers' conceptions of force. 

This study raised the issue of whether primary teachers themselves understand the 

concepts well enough to introduce them to children. 

A large scale research project was undertaken which consisted of a combination of 

interview techniques, questionnaires and the development of teacher education 
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materials. The research revealed that there is a severe mismatch of primary school 

teachers' understanding of science concepts and the demands made on them by the 

UK National Curriculum. It was found that many of the teachers were outside the 

Newtonian paradigm and would be unable to provide consistent and scientifically 

acceptable interpretations of situations requiring recognition and use of these 

concepts. The recommendation was that if science is to be taught well in the 

primary school then every effort must be made to help teachers develop their 

understanding of the concepts they must deal with (Kruger 1991). 

Research into older children's view of forces suggests that the beliefs high school 

children bring to the learning of physics are firmly held. It has been suggested that it 

is more difficult to change students' beliefs in this area of introductory mechanics 

than in any other area of science (Gunstone and Watts 1985). Clearly, understanding 

the way young children construct their basic notions of the physical world will lead 

to more effective teaching strategies for physics and science. 

Some early work was conducted in the 1920s by Jean Piaget. He worked with 

children in the range we wish to consider. His writings are worth noting for a 

number of reasons. He was concerned about children's conceptions of force and 

motion ( amongst numerous other ideas) which he describes in some cases as being 

animistic. That is, youngsters often talk about inanimate objects in terms of having 

a 'life force' or a 'vital force'. For instance, one way in which youngsters describe 

why a freely moving object should eventually stop is to say that it 'wanted to' or that 

it 'forced itself to stop'. These studies were some of Piaget's earliest work, hence 

they form one of the bases upon which he organised his theory of developmental 

stages. Animistic responses, he suggests, disappear at more advanced stages of 

conceptual development. This is consistent with his 'ages and stages' approach to 
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children's learning. Piaget's theory of learning however has become less influential 

since the 1980's because researchers began to see limitations with the developmental 

interpretations of this theory (Donaldson 1984~ Edwards and Mercer 1987~ Fleer 

1992~ Light 1987~ Woods 1988). 

Discussion. 

Results of a great deal of research over the past fifteen years have confirmed that 

students, prior to any formal instruction in physics, commonly adhere to well 

developed but scientifically incorrect beliefs about force (Finegold and Gorsky 

1991). 

This may mean revising what we consider to be the starting points in our teaching. 

This evidence that children have prior ideas in the area of forces suggests that in 

curriculum planning it is necessary not only to consider the structure of the subject 

but also to take into account the learners' ideas even at this early age. 

It can be assumed especially in the area of science concepts that children's views 

must necessarily play a dominant part in science learning. Skills and concepts 

usually taught as part of a science program can now be seen as the development and 

extension of skills and knowledge already present. 

As discussed in this chapter, research has indicated that when children are 

interacting in a learning environment, the intended meaning of the concept is not 

automatically transferred to the mind of the child. Each individual constructs his or 

her own meaning from the variety of stimuli, including words spoken by the teacher 

or activities offered in the learning environment (Bell 1993). 
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In order to gain insight about how children create meaning from or make sense ofi 

this stimuli we need to understand how children think and leam.Vygotsky (1962) 

made the point; 

To devise successful methods ofiinstructing the school child in systematic 

knowledge, it is necessary to understand the development ofi scientific 

concepts in the child's mind. Yet our knowledge ofithe entire subject is scanty 

(p.82). 

It can then be argued that to enable teachers to effectively teach science concepts 

such as physics, electricity and materials, more knowledge is needed about young 

children's understandings in these areas. 

Summary_ 

In this chapter the more influential theories which have formed the basis for research 

in science education were outlined. Piaget's developmental theories and Vygotsky's 

social interaction theory were explored for their relevance to this research. Models 

for science teaching were briefly detailed. It was concluded that the interactive 

approach is the most appropriate for teaching science to young children. 

The concept ofi how young children form an understanding ofi science concepts was 

researched. It was found that even young children (3-8 yrs.) have formed opinions ofi 

how the world works and come to formal science lessons with firmly held views. 

The various theories ofi alternate views and misconceptions was discussed in detail. 

The scientist's views and theories were presented to give the reader factual 

information about the science concept ofi forces. It was shown that specific research 

into children's understandings ofiforces has focused on children older than 9 years. It 
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was demonstrated through this in-depth review of the literature that there is a need 

for directed and thoughtful studies of young children's understandings of science 

concepts. In particular, a research base of young children's views of forces will add 

original information to the existing small body of research. The following chapter 

will explore the most effective method of research for a study about young children's 

understandings of forces and outline the research design used in this study. 



46 

Chapter Three 

Methodology 

Introduction 

In researching young children's conceptions of forees and the process of conceptual 

change that may occur during the teaching of forces to young children, careful 

consideration was given to the methodology used. This chapter will review briefly 

current research literature with the intent of guiding an appropriate research design 

for addressing the questions posed in this study. A more detailed discussion of the 

chosen methodology and the specific research design will follow. 

What is Educational Research? 

Educational research is careful systematic investigation into any aspect of 

education. It is done to find reliable answers to questions, to discover the best 

ways of doing things and to establish principles that can be followed with 

confidence (Charles 1988; p.3). 

Educational research can therefore serve to clarify issues concerned with the 

problems of teaching and learning within the formal educational framework. 

Ultimately this detailed investigation can lead to the development of reliable 

guidelines for finding the most effective ways of interacting with students, parents 

and the community. 

Cohen and Manion (1992) propose; 

that the particular value of research in education is that it will enable 

educators to develop the kind of sound knowledge base that characterises other 
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professions and disciplines, and one that will ensure education a maturity and 

sense of progression it at present lacks (p.43). 

There are two main paradigms which exist in educational research. One is modelled 

on natural sciences with an emphasis on empirical quantifiable observations which 

lend themselves to mathematical analyses. The other paradigm is derived from the 

humanities with an emphasis on holistic and qualitative information and its 

interpretive approaches (Husen 1988; p.17). 

The Positivist Approach. 

The positivist approach or "scientific" method is a controlled rational process which 

is essentially quantitative in nature. That is, it can be checked, measured or counted. 

The most distinctive feature of the scientific method is its empirical nature, and the 

set of procedures which show not only how findings have been arrived at but are 

sufficiently clear for them to be replicated (Cohen and Manion 1992). The 

assumptions built into this scientific approach constitute a particular model of 

research incorporating objectivity, reliability, generality and reductionism. Burns 

(1994) suggests; 

"Truth" within this paradigm tends to be fixed and singular, reflective of a 

causal and factual view ofreality (p.3). 

Positivism assumes that the main task for the social sciences as being the making of 

causal explanations and the prediction of future behaviour on the basis of the study 

of present behaviour. The quantitative report typically reduces data to numerical 

relationships and presents findings in a formal disembodied fashion that follows a 

standardised form and style (Glesne and Peshkin 1992; p.8). 
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There has been sustained and consistent criticism of the positivist approach to 

research. The main areas of concern to researchers were the mechanistic and 

reductionist view of nature, which by definition excludes notions of choice, freedom, 

individuality and moral responsibility (Cohen and Manion 1992; p.23). 

It could be argued that this approach has a de-humanising effect, surely the opposite 

to what we are seeking in a study of an individual's progress in a learning-teaching 

process. 

The opponents of positivism within social science itself subscribe to a variety of 

schools of thought each with its own subtly different epistemological viewpoint. 

They are united by their common rejection of the belief that human behaviour is 

governed by general laws and characterised by underlying regularities. Moreover, 

they would agree that the social world can only be understood from the standpoint of 

the individuals who are part of the ongoing action being investigated. 

In Chapter Two it was shown that people are able to construct theories about them 

and the world around them, and act on these theories. Keeves (1988) suggests; 

Human beings must be considered rather as active agents who know what they 

are doing in most situations and are making conscious decisions with regard to 

their actions. They also can and do provide reasons for their decisions (p.23). 

It would then not be possible to gain insights about individual interpretations of their 

world with a method of enquiry which is based on objectivity, collectivism and a 

restricted image of human nature. In order to be consistent with this finding the 

researcher sought a research methodology which emphasises the importance of 

subjective experience of individuals. 
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Interpretive ParadiWJ4 

A research approach which focuses on an individual within a social context proved a 

good fit to the present study of how individual children react to a teaching program 

within a preschool setting. To fulfill this criteria it was determined that this study be 

conducted within an interpretive paradigm (Cohen and Manion 1992). Burns (1994) 

defines a paradigm as; 

a loose collection of logically held together assumptions, concepts or 

propositions that orient thinking and research (p.33). 

The paradigm determines how a problem is formulated and methodologically 

tackled. The interpretive paradigm is characterised by a concern for the individual. 

The central endeavour in the context or the interpretive paradigm is to understand 

the subjective world of human experience ( Cohen and Manion 1992). The present 

study sets out to understand the individual's interpretations of the world. Theory is 

emergent and arises from particular situations. Therefore the investigator works 

directly with experience and understandings to formulate a theory. Data is very much 

a reflection of the individual within the study. The theory then becomes a set of 

meanings which yield insight and understanding of people's behaviour ( Cohen and 

Manionl992; p. 38). See Figure 3.1 for a summary of the broad differences between 

an interpretive approach and a normative, that is, a positivist approach to the study 

of behaviour. 



Normafive 

Society and the social system 

Medium/large-scale research 
Impersonal, anonymous forces 
regulating behaviour 
Model of natural sciences 

'Objectivity' 

Research conducted 'from the 
outside' 

Generalising lrom the specific 

Explaining behaviour/seeking 
causes 
Assuming the taken-for-granted 
Macro-concepts: society, 
institutions, norms. positions, roles, 
expectations 

Structuralists 
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lnterprefive 
The individual 

Small-scale research 

Human actions continuously 
recreating social life 
Non-statistical 

'Subjectivity' 

Personal involvement of the 
researcher 

Interpreting the specific 

Understanding actions/meanings 
rather than causes 
Investigating the taken-for-granted 

Micro-concepts: individual 
perspective, personal constructs, 
negotiated meanings. definitions of 
situations 

Phenome notogists. symbolic 
inter actionists, 
ethnomethodologists 

·• -· -----------------------------' 

Figure. 3.1 Differing Approaches to the Study of Behaviour. 

(Cohen and Manion 1992~ p.40) 

Some of the methods associated with the interpretive paradigm are participant 

observation. role playing, non directive interviewing. episodes and accounts. These 

methods are among others which are classified by the generic term qualitative 

research. 

What is Qualitative Research? 

Qualitative research is an umbrella term for various philosophical orientations to 

interpretive research. It has been described as; 
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research methodology that is largely subjective in nature, relying on 

observations, interviews and interpretations of phenomena to provide 

information to the researcher (Ellis and Foutsl993; p.200). 

While there are various types of qualitative research, all share to some degree a goal 

of understanding the subjects from their own point of view. Some examples are; 

ethnography, action research, case studies and naturalistic research. 

Important aspects of qualitative research include: research in a natural setting; 

human observation as the data gathering instrument; emphasis on the social 

processes in the natural setting; and the use of intuitive insights. 

Inherent in qualitative research are four phases. All four phases must figure in the 

research and must be completed in a proper sequence. These are: 

1) Intention; that is, the preparation of materials and research design - this first 

step produces a plan of action. 

2) Discovery; that is, the observations, interviews and data collection - this 

stage produces information for the study. 

3) Interpretation; that is, evaluation of the study or analysis of the data - this 

produces understanding about the situation or individual with the the situation 

being researched. 

4) Explanation; that is, the communication of what has been found out and the 

relevance to the research question - this produces a message for the 

information of others. (Kirk and Miller 1986; p.60). 
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The findings of the present study are aimed at providing information that teachers 

can follow with confidence. The purpose of this research is to describe, clarify and 

interpret aspects of science education in early childhood as they presently exist. The 

results can provide reliable information for decision making and could even 

stimulate still further research. 

Characteristics of Qualitative Research. 

Glesne and Peshkin (1992) suggest; 

The openness of qualitative inquiry allows the researcher to approach the 

inherent complexity of social interaction and to do justice to that complexity, 

to respect it in its own right (p. 7). 

They argue further that qualitative research should avoid simplifying social 

phenomena and instead explore the range of behaviour and expand the 

understandings of the resulting interactions (p.7). To do justice to the complexity 

inherent in this type of research it is necessary for qualitative research to be 

immersed in the contextual setting. 

There are five features of qualitative research as defined by Burns (1992). A 

discussion of these features, and their strengths will follow. The compatibility of 

using the qualitative research paradigm in the present study will be discussed. 

1. Qualitative research has the natural setting as the direct source of data and 

the researcher is the key instrument.' (Burns1992; p.29). 

The study of young children in their familiar pre school setting and the teacher as 

researcher fits well into this model. 

2. Qualitative research is descriptive. The data collected are in the form of 
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words or pictures rather than numbers. (Bums 1992; p.30). 

In this study data was analysed with all its richness, as closely as possible to the form 

in which it was recorded and transcribed. 

3. Qualitative researchers are concerned with process rather than simply 

outcomes or products (Bumsl992; p.31). 

To examine how children's prior understandings o£forces impacted on young 

children's experiences during formal teaching in the preschool, emphasis was placed 

on the process 0£ daily activities, procedures and interactions. 

4. Qualitative researchers tend to analyse their data inductively (Bums, 1992; 

p.31). 

In this study, the observations and recording 0£ many particular instances in the 

teaching-learning process enabled the researcher to infer a general assumption from 

these particular instances. It is then hoped to be able to determine underlying laws 

and theories. It has been a process 0£ constructing a picture that has taken shape 

while gathering and examining the data. 

5. Meaning is o£essential concern to the Qualitative approach (Bums 1992; 

p.32). 

In this study strategies and procedures such as questioning and observing the 

children participating in investigations and activities were employed. The aim was 

to discover what the children were experiencing and their views and perceptions 0£ 

what they were discovering about forces. 

It can be seen from the above section that the features 0£ a qualitative research as 

outlined by Bums (1992) correspond accurately with the features o£the present 
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study. As it has been discussed, within the broad frame of qualitative paradigm that 

there are several methods for implementing this type of research. For the purpose of 

this study the method chosen as being most appropriate to answer the research 

questions is the case study approach. 

The Case Study_ 

The case study research consists mainly of observations of the characteristics of an 

individual unit. eg a child, a class, a school or a community. The purpose of such 

observation is to probe deeply and to analyse intensively the multifarious phenomena 

that constitute the life cycle of the unit with a view to establishing generalisations 

about the wider population to which that unit belongs (Cohen and Manion 1992; 

p.125). 

The central point of every case study is a method of observation. Observation entails 

the systematic description of events, behaviours and artifacts in the social setting 

chosen for the study (Marshall and Rossman 1989; p.79). There are two principal 

types of observation - participant observation and non - participant observation. In 

the former, the observer engages in the very activities that are being observed. 

In 'Humanistic Research Procedures' Ball (1988) describes participant observation 

as a research method which is a technical, theoretical and social process which 

employs the researcher as the main tool of investigation. The idea of participant 

observation is open to a variety of interpretations and definitions but in clear, concise 

terms it is defined by Becke (1968): 

as a process in which the observer's presence in a social situation is maintained 

for the purpose of scientific investigation. The observer is in a face-to -face 
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relationship with the observed and by participating with them in their natural 

life setting, he gathers data (p.507). 

A non - participant observer is one who stands aloof from the group activities and 

avoids group membership. This was not deemed appropriate for the present study. 

There are a number of factors involved in this decision. Cohen and Manion (1992) 

have suggested; 

In a natural setting it is difficult for the researcher who wishes to be covert not 

to act as a participant. If the researcher does not participate, there is little to 

explain his presence, as the individual is very obvious to the actual . 

participants (p.127). 

It is also very difficult in early childhood settings such as preschools, to be in a 

position where you are not involved. It is quite natural for young children to treat any 

visiting adult as another teacher or teacher surrogate and involve the visitor in 

conversation and in a helping role. In this study the researcher acted as a participant 

observer since the teacher researcher was a pivotal role in the study. 

Why Participant Observation? 

Participant observation ranges across a continuum from mostly observation to mostly 

participation. Cohen and Manion suggest that; 

The current vogue enjoyed by the case study conducted on participant 

observation lines is not difficult to account for. This form ofresearch is 

eminently suitable to many of the problems that the educational investigator 

faces (p.128). 

They support this statement by identifying the key factors and some inherent 

advantages in the participant observation approach. 
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I.Observation studies are superior to experiments and surveys when data are 

being collected on non - verbal behaviour (p.128) . 

This point is especially relevant in this study as the children are at a very young age 

and their literacy and language development is not sufficiently advanced to gain 

information about their learning by formal testing. 

2. In the observation study, the investigator is able to make appropriate notes 

about its salient features (p.128). 

There can be very subtle progress made by young children exploring a phenomena 

and sensitive, informed observation is required if important information about their 

learning is to be obtained. 

3. Because case study observations take place over an extended period of time, 

the researcher can develop a more intimate and informal relationship with 

those being observed. This is especially relevant to natural environments. 

In working with young children familiarity and trust are essential if the child is going 

to respond naturally and without fear of giving a wrong answer. In observing young 

children's behaviours in early childhood settings it has become evident that children 

of this age essentially want to please the adult and will not venture their own views if 

they suspect the answer may not be right. This is especially evident if they do not 

trust and have not had the opportunity to test the responses of the adult. 

4. Case study observations are less reactive than other types of data - gathering 

methods. 

If accurate observations of a given situation is given then there is every chance that 

the individual child's actions/ views are recorded as they were in that particular 

situation at the time. Within this framework it is possible to see how the case study 
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method by participant observation has strengths for appropriate use in the setting of 

the present study. 

Strengths of the Case Study Method. 

The case study has had a long history in education research and has been used 

extensively in such areas as clinical psychology and developmental psychology. For 

example, both Freud and Piaget typically used case studies to develop their theories 

(Bums 1994). Criticism of their techniques damaged the case study approach, but the 

increased acceptance of qualitative research and in particular participant observation 

has revived the acceptability of the case study. Bell (1993) suggests; 

The great strength of the case study method is that it allows the researcher to 

concentrate on a specific instance or situation and to identify, or attempt to 

identify, the various interactive processes which may remain hidden in a large 

scale survey but may be crucial to the success or failure of systems or 

organisations (p.9). 

In depth discussion appeared in the previous section outlining the strengths of the 

case study method for this study. 

Criticisms of the Case Study Approach 

Many research investigators hold the case study method with disdain, viewing it a 

less desirable form of inquiry. When using participant observation as a data 

collection method there is the potential for bias. The investigator may become too 

closely involved and lose detachment, or assume advocacy roles detrimental to 

unprejudiced reporting (Bums 1994; p.320). Cohen and Manion (1992) also reveal; 

Criticisms of case study data are usually focussed on reports of subjective, 

biased, impressionistic idiosyncratic and lacking in the precise quantifiable 

measures that are the hallmark of survey research and experimentation (p.129). 



58 

Given the nature of the group under study, that is, non literate children with limited 

oral language skills, forms of quantitative data collection (for example surveys, 

paper and pencil testing) would be inappropriate. The importance of the role of a 

familiar adult in researching understanding of young children has been discussed. It 

is argued in this instance, that there is no other way to collect data in this situation, 

than to be involved as a participant. This is consistent with research about features of 

a qualitative method of research. See discussion in earlier sections. 

A second concern is that case studies provide very little evidence for scientific 

generalisation. It has been a common feature of literature critical of case study 

method to assume that generalising theory is the only worthwhile goal. Burns ( 1994) 

points out; 

that case studies, like experiments, are generalisable to theoretical 

propositions, not to undertake statistical generalisation (p.326). 

In support of this position, Bassey as cited in Bell (1993) takes the view that; 

an important criterion for judging the merit of a case study is the extent to 

which the details are sufficient and appropriate for a teacher working in a 

similar situation to relate his decision making to that described in the case 

study. The relatability of a case study is more important than its 

generalisability (p. 9). 

He considers that if case studies; 

are carried out systematically and critically if they are aimed at the 

improvement of education, if they are relatable, and ifby publication of the 
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findings they extend the boundaries of existing knowledge, then they are valid 

forms of educational research (p.9). 

As can be seen from searching the literature and as discussed in Chapter Two the 

present study presents data on young children's study of forces. As it is not possible 

to locate any existing studies it can be argued that the present study seeks to extend 

the boundaries of the existing knowledge with original findings in this area. 

Reliability and Validity_ 

In the preceding section a review of case studies was presented to determine its 

suitability in addressing the research questions of this study. The strengths of the 

case study approach as it applied to the present study were discussed, criticisms of 

the case study approach were presented and addressed. 

This section will examine the reliability and validity of the case study method as it 

applies to this study. 

Among quantitative research approaches, the expectation exists that there will be 

consistency in results of observations made by different researchers or the same 

researcher over time. Qualitative researchers tend to view reliability as a match or fit 

between what they record as data and what actually occurs in the setting, rather than 

literal consistency across different observations. (Burns 1992; p.245). 

Reliability is based on two assumptions. The first is that the study can be repeated. 

The second assumption is that two or more people can have similar interpretations 

by using these categories and procedures. Reliability is also restricted by the 

informants who provide data.(Bums 1992). Although problems with implementing 
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the above criteria within a case study approach are acknowledged, Bums (1992) 

suggests that reliability can be enhanced in the following ways: 

a) outline the reasons for research and the major question they want to address. 

b) be explicit about research assumptions and biases, as they relate to the 

research questions. 

c) explain data gathering procedures including timelines, observations, 

interviews, relationships with subjects and categories developed for analysis. 

(p.246). That is to improve reliability and enable others to replicate the study, 

the steps and procedures must be clearly explicit and well documented in the 

final report. 

The researcher is aware of the problems of reliability and every effort has been made 

in reporting and recording data to be as clear and explicit as possible. Questions and 

research assumptions have been clearly stated and discussed in Chapters One and 

Two of this study. Observation and interview data has been faithfully reproduced in 

Chapters Four and Five of this study. In this present chapter research methodology 

has been thoroughly analysed and presented. These steps have been followed in the 

interest of proving the highest degree of reliability possible and the limitations of this 

case study method are duly noted. 

It should be noted that one individual conducted all interviews and used the same 

pictures, format and 'lead' questions in all interviews. Thus reliability was 

established as far as considered possible in open-ended discussion and qualitative 

research of this kind. 
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Validity is best summarised as whether a research study measures or describes what 

it is supposed to measure and describe (Bell 1993; p.65). Internal validity takes into 

account the basic minimum control, measurement , analysis and procedures 

necessary to make the results interpretable. External validity is the extent and 

appropriateness of results (Wiersma 1995). 

In examining the reliability and validity of a case study method critics have 

presented an argument that case studies are usually focussed on reports of being 

subjective, biased and lacking in precise quantifiable measures. Researchers using 

the case study method have built into their research design ways of increasing 

reliability and validity. 

A commonly used technique to improve the internal validity is triangulation. 

Triangulation may be defined as the use of two or more methods of data collection in 

the study of some aspect of human behaviour (Bums 1990; p.248). In this study 

research design included interviews, observations, work samples and diary 

descriptions. 

It is then argued that by using multiple sources every effort has been made to allow 

for triangulation and so improve the reliability and validity of the data. 

Research Design 

The aim of the study was to identify and describe young children's understandings of 

Forces both before, during and after a 3-week teaching sequence using a modified 

interactive teaching method (Biddulph and Osborne 1984; Fleer 1990). 
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A case study method was chosen as discussed earlier in this chapter as the most 

effective method to answer the research questions. It should be noted that research 

design in qualitative research, when applied in a specific study, is less structured and 

more flexible than research design in quantitative research. This design was chosen 

because of the context, purpose and nature of the present study. As the research 

design included pre-interviews, post interview and a three week teaching sequence, a 

suitable method was sought. 

Interactive Teaching Method 

Recent developments in Australia indicate that an interactive teaching approach 

(Biddulph and Osborne 1984) is consistent with current thinking about effective 

methods of teaching science to young children (Hardy 1992; Skamp 1992; Fleer 

1992a). It was noted in Chapter Two that an interactive approach is based on the 

assumption that from a young age, children try to make sense of their world, and 

though not scientifically based, their ideas can help them and influence their learning 

(Solomon 1992). Another assumption of the interactive teaching approach is that 

scientific knowledge is not simply transmitted from teacher to pupil, nor naturally 

developed from experience alone. Pupils and teachers must interact and discuss ideas 

derived from common experiences, investigations, reading books and asking experts. 

It is in these ways that children construct more complete, effective and useful ideas 

than the ones they commonly hold (Biddulph and Osborne 1984). See Figure 3.2 for 

an overview of this approach. 
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Sampk 

The sample contained data from 30 children taken at random from two pre-school 

groups of 22 children attending the same pre-school. Data collection was taken from 

a very small age-range sample, 4yrs 2 months to 5 yrs 2 months. The sample 

contained only one context - the pre-school setting. It is acknowledged that the use of 

only one context limits external reliability. 

Data Collection 

Initially, in depth interviews were conducted before the teaching program. 

Discussion about the concept of Forces was stimulated by pictures depicting familiar 

situations, ( for example, using various toys, riding a tricycle, playing on swings). 

This technique is the well known interviews about instances (Osborne and Gilbert 

1980) which has been widely used in science education in recent years to probe 

understanding of science concepts. Observations, work samples and diary 

descriptions were also an important source of data. An audio tape was used to assist 

with accurate data collection. This provided a significant amount of retrievable data 

which could be analysed and re-analysed at a later date. 

The triangulation of data collection gave a more comprehensive account of the 

whole context under study. 

Reflections on the Methodology_ 

Throughout the research period many planned and unplanned events took place 

which may have affected the data and reduced its reliability or validity. 

Some methodological factors although predicted still generated problems, whilst 

others were circumstantial and unforeseen. Consequently a discussion of those 

factors which may have influenced the findings are presented in this section. 
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Audio Data 

The interviews which focused on children's understandings was reliant on audio 

recording as the main tool for data collection. A tape recorder was used in both pre 

and post interviews. The interviews were conducted in a smaller room off the main 

preschool room with only the child being interviewed present. As the child often 

used actions as well as words to answer a question in some instances the full scope 

of this answer was not captured. This limitation of the method of data collection 

must be acknowledged. 

Within the teaching sequence a tape recorder was also used to collect data about 

children's progress. A tape recorder was placed close to the small groups of children 

who were interacting with each other and the materials under investigation. Because 

of the nature of the investigation, that is, they were very active, rolling objects, 

moving around the room and using outdoor equipment, it was impossible to record 

all interactions with a stationery tape recorder. Consequently it is acknowledged that 

important interactions were not recorded. However it was not physically possible to 

audio tape interactions in these lessons 

Teacher as Researcher 

The restraints associated with the researcher also being the teacher responsible for 

the whole preschool program are acknowledged. In collecting data for research it 

was necessary to operate audio tapes, record observations of individual children and 

make notes for diary descriptions. Alongside these tasks as teacher in charge it was 

necessary to participate in the variety of interactions occurring within the classroom. 

As the teacher it was necessary to co-ordinate and manage the classroom as well as 

make instant ~udgements or decisions based on in situ requirements. This dual role 
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impacted on the quality and quantity of data collected. It is acknowledged that 

important data may not have been collected due to the pressure of maintaining the 

duties involved as the teacher in charge of the classroom. 

Ethical Issues 

There are a number of ethical concerns that researchers need to address prior to, 

during and at the conclusion of their work. Some of the areas that are commonly 

considered include research sponsorship, research relations, data collection, data 

analysis and data dissemination (Burgess 1984). This section will address those 

ethical concerns that are relevant to this study. 

Before research was undertaken the consent of parents of the children was obtained. 

The parents were informed of the research questions of the study, the time period 

over which the study would flow, and the impact the research would have on the 

normal program of the preschool. The parents were free to withdraw consent for 

their child to participate at any stage during the research project. 

Formal approval for conducting research was also obtained from the researcher's 

employing body, The Early Childhood Unit of The Department of Youth and 

Community Services. The Researcher met with the Executive Office and outlined 

the research questions, methodology and proposed time frame. This ensured that the 

employing body was informed of the research activities that were being undertaken 

and was aware that was happening in a preschool administered by them. Careful 

consideration was given to the possible exploitation of participants, that is, the 

children. It was acknowledged that because of their age, the parents had given 

permission on behalf of the child. At all times the individual child's right to refuse to 
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participate in research activities was respected and every effort was made to ensure 

that children participated of their own free will. 

The researcher was aware of the retrievable nature of data collected and the ethical 

concerns relating to individual children represented. The audio tapes were only used 

for research and transcribing purposes. Work collected was treated with the usual 

procedures in place in the classroom, that is, used only for the purpose they were 

intended and then returned to the owner. 

Pilot Study 

An extensive pilot study was conducted prior to the commencement of the major 

research project (see Appendix 3.1 ). The methodology, research design and analysis 

techniques were trialled in this pilot study. The pilot study revealed, as anticipated, 

no significant problems with the methodology or research design used. The interview 

by instances method and the case study design gave adequate data and a good 

insight into young children's understandings of forces. 

In the pilot study several concepts of forces were covered in the interviews and 

teaching sequence. These included inertia, pushes and pulls, gravity, friction, sliding 

and rolling as well as water and air forces. During the course of the interviews and 

subsequent teaching program it was found that this was too much subject matter to 

cover in the limited time. As a result of this, it was necessary to fine-tune what was 

investigated and it was decided to cover the areas of pushes and pulls, gravity and 

friction. These were chosen as being of most relevance to the children's everyday 

activities. However, because of a natural overlap in conceptual knowledge some of 

the other concepts were an integral part of the investigations. 
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In the pilot study, a concept map was used to give the children the opportunity to 

draw what they knew about forces. The concept map consisited of a lined drawing of 

a hill. The children were asked to draw something going up the hill or down the hill 

and discuss how easy or hard it would be to make it go. The children tended to 

become involved with the artistic aspect of the drawing and were not able to link this 

with a view of forces at work. It was found that the concept map used in the pilot 

study proved to be oflittle value in the analysis of the children's understanding and 

therefore was not included in the data collection of the major study. 

Analysis of Data 

As any similar studies on young children's understandings of forces were unable to 

be located it is not possible to relate these results to other research which had the 

same objectives. The studies conducted with older children have the emphasis on 

classifying the intuitive ideas and changing these ideas. Because of this difference in 

emphasis it was not possible to observe any commonalties with this study. 

There are two documented methods of analysing older children's understanding of 

force. One method involves establishing commonalties in children's intuitive ideas, 

and using these ideas as the basis for comparing any changes in understanding which 

could be gained from direct teaching of scientific concepts (Gunstone and Watts 

1985). In these studies emphasis was given to alternative views held so that these 

views could be actively guided towards scientific views. In attempting to apply these 

intuitive ideas to the answers given by young children in this study it was very 

difficult to identify consistencies of similarities in their answers . It could be 

suggested that these children have not yet formed these intuitive ideas, or because of 

limited language skills and experiences are unable to express ideas in this form. The 

youngest children in the studies available which use this form of analysis were 9 
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years. It could be noted that 5 year olds generally have a much smaller experience 

base. 

Another method of analysis was to describe students' views as medieval, Aristolelian 

or Newtonian (Gunstone and Watts 1985). It could be argued that these labels are 

irrelevant, and that the very label would imply that children today are familiar with 

these theories. It is counter argued that these labels do serve to remind us that 

Aristotelian and impetus views of force and motion were seen to be logical and 

reasonable for fine minds for long periods of time. One major reason for this is that it 

is quite possible to make daily observations of phenomena which support either 

view. In general it is very reasonable to suggest large numbers of students have 

themselves used such daily observations to build up models to allow them to make 

sense of their world. This method of analysis was felt to be not useful for the purpose 

of this study as the children's views did not appear to represent any one of these 

theories. 

For the purpose of this research a form of analysis was developed which 

documented both individual responses and indicated any emerging patterns such as 

developmental language and scientific language in the case study. 

Data consists of: 

• pre and post interviews (audio taped and transcribed) 

• transcriptions of interactions which occurred during group discussions 

• work samples and diary records as the teaching progressed 

• observations of children interacting as they investigated materials and 

participated in activities. 
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Interview data was analysed for commonalties in children's understandings 0£ force 

and any change in conceptual level. 

Children's interactions were analysed for existing ideas, progression to more higher 

level thinking and the application 0£ scientific ideas. 

Consistencies in langu~ usage were recorded. 

Summary 

This chapter has sought to review the qualitative research literature with the intent 0£ 

guiding an appropriate research design. An overview 0£ scientific approach, 

interpretive framework and qualitative methods were presented, discussing both the 

limitations and strengths 0£ these for researching how young children's 

understandings change after a teaching sequence on forces. 

Within the interpretive framework, the case study approach was explored in detail, 

as the main research tool for identifying children's conception 0£ forces and 

determining the conceptual change that occurs through the teaching 0£ science. 

A description 0£ the specific tools ( audio taping interviews, observations and 

children's work samples) was then given. 

A conceptual framework for the analysis o£the data was presented in the latter 

section. Principally emerging patterns 0£ developmental language and scientific 

language was used as indicators 0£ possible conceptual development among young 

children. 
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The next chapter presents the context outhe case studies and class views which show 

the children's understandings o:6 forces both before and after a three week teaching 

sequence. 
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Appendix 3.1 

Summary of Pilot Study 

The Study_ 

In the pilot study six children aged from 4 years, 8 months to 5years, 5 months were 

interviewed. The setting was a pre-school room in a long day care centre situated on 

the campus of a tertiary institution in Canberra, Australia. The children's care givers 

were students or staff at an Institute of Technology. The study was a component of 

the regular program and the researcher was the children's teacher. 

This study set about to determine whether six young children had formed any 

opinions about forces and if, after being exposed to correct scientific theory their 

language responses indicated any evidence of higher level thinking or change in 

perceptions. The research design design draws upon the studies conducted in other 

areas (electricity, Fleer 1991) and (internal body, Fleer 1994). 

Observations took place over a period of five weeks and included the three week 

teaching sequence. Diary description of the activities was kept to assist in data 

collection. These features are consistent with case study characteristics (Cohen and 

Manion 1992). A single case study design was selected with pre and post test 

interviews preceding and following a three week teaching sequence which used a 

modified interactive approach. 

Pre and post tests in the form of interviews using set questions and stimulus pictures 

were audio taped and used to produce data for analysis. Work samples, diary records 

and individual concept maps also provided information which was recorded as 

individual studies. 



73 

Analysis 

For the purposes of this pilot study a form of analysis was developed which 

documented both individual responses and indicated any emerging patterns such as 

developmental language and scientific language in the case studies. 

Data consists of: 

• pre and post interviews ( audio tapes and transcribed) 

• pre and post individual concept maps 

• work samples and diary records as the teaching progressed. 

Interview data was analysed for commonalties in children's understandings of force 

and any change in conceptual level. 

Concept maps. were compared for indication of higher conceptual thinking in 

children's knowledge of forces. 

Consistencies in langmtge_ usage were recorded. 

RESULTS 

Pilot study data showed evidence of change in language , use of technical terms and 

explanations which indicated cognitive advancement and scientific thinking about 

forces. Based on data collected in the individual case studies the following 

characteristics were noted. 

• the amount of language used to answer questions after the teaching sequence 

increased. Average increase was 22. 5% 

• more explanations were offered rather than just descriptions. 

• none of the children used 'I don't know' or silence in the second interview, as 

some had in the first interview. 



74 

• all six children used some technical terms ( for example, gravity, forces) in their 

answers in the second interview. 

• all children demonstrated a degree of change in conceptual levels and scientific 

thinking in some areas of forces ( for example, friction, gravity, inertia.) 

As there was so much data, some of it fairly repetitive it was difficult to find clear 

patterns in the analysis. When ambiguous and overlapping data was deleted then 

clearer data emerged. This proved to be a necessary modification for the major 

study. 

DISCUSSION 

The purpose of the study was to document children's progress during a three week 

teaching sequence of forces. By recording reactions, behaviours and comments it 

was envisaged that data could be available which would identify effective research 

and teaching techniques in transferring scientific knowledge to young children. 

Patterns emerging from this research indicate that the children in the pilot study were 

able to gain knowledge about and awareness of forces. This suggested that the 

research questions were investigatable and that the methodology and research design 

were effective in producing data about children's understandings. 

Conclusion 

The results give an indication that young children do have views about forces and 

can develop towards more scientific views. By conducting further research we can 

develop a stronger data base and knowledge in the teaching of science concepts to 

young children. 
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Chapter Four 

Children's Investigations about Forces: 

The Teaching Context. 

Introduction 

This chapter presents an account 0£ the three week teaching program on forces. In 

the two weeks leading up to this teaching sequence the children had been 

interviewed to ascertain their understandings prior to formal teaching and 

investigations about forces. A mix 0£ whole group, small group and individual 

investigations occurred during the five weeks 0£ data collection. Extensive data 

collection occurred during this time in the form 0£ audio tapes, observations and 

diary descriptions. Highlights 0£ whole group and small group discussions about 

forces are presented in this section. The data reported here provides evidence 0£ 

young children's ability to formulate questions and investigate their ideas about the 

effect 0£ forces on the world around them. 

Teaching Context 

The preschool session 0£ 10.5 hours per week consists o£two three-hour sessions 

and two two-hour 15 minute sessions. An inside activity time took place for 

approximately one hour in all o£these sessions. Table activities and work centres 

were set up by the teacher and assistant. Children exercised free choice as to which 

activities they wanted to participate in. Children chose 1 or 2 table activities 

independently before moving to block/dramatic or floor activities. This routine had 

been well established in the preschool program and this was continued in the 

teaching sequence on forces. Formal group times took place for 30 minutes 

after fruit time. This consisted 0£ a rotation 0£ 2-3 activities each with an adult 
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( either the teacher, the assistant or a parent) leading the small group ( approximately 

7 children) in an activity planned by the teacher as part o:f:the interactive teaching 

program. Within the teaching sequence on forces this time was used for discussion, 

introducing new concepts, hands-on explorations of: objects, following through 

children's questions and recording children's views on group and individual concept 

maps. A high level of: child participation was encouraged. 

Whole group and small group sessions were audio taped whenever possible. 

Written observations took place over the period of: the three week teaching sequence. 

Diary descriptions of: the activities were kept. The following data presented is about 

the concepts of: forces being explored that is, pushes and pulls, gravity and friction. 

Children's Investigations about Pushes and Pulls. 

Introduction of: the Topic 

In whole group time the teacher used the method of: reading a familiar story book 

"The Enormous Turnip" to introduce the science topic. This was an ideal story to 

reinforce the familiar words, push and pull. When the teacher had finished reading 

there was discussion about what had happened in the story. The teacher initiated the 

discussion with the question; 

T: What was the problem in this story? 

C 1: The turnip wouldn't come out. 

T: What was stopping the turnip coming out? 

CI: It was too big 
C2: It was very heavy and stuck. 
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C3: He wasn't strong enough. 

T: So how did the turnip come out oDthe ground? 

CI: They pulled and pulled and pulled. 
C2: All the friends helped pull. 

T: Was there another way oDgetting the turnip out? 

CI: No you had to pull. 
C2: I could dig it up with the spade. 
C3: My mum pulls the carrots out OD the ground. 

Discussion then focussed on children's stories about their own experience oDthe 

garden, pulling the vegetables and pushing the wheelbarrows full OD weeds. 

Opportunity was given for all the children to tell their own "pulling" or "pushing" 

story. The teacher then focussed discussion on what effect the pulling had on the 

turnip and carrots and weeds from the children's stories. The concept "pulling made 

it move" was introduced. It was then easy to introduce the language that a pull or a 

push makes things move. Opportunity was then given to the children to retell the 

'Enormous Turnip' story by acting it out. 

At small group time there were three activities for the children to explore: 

a) The teacher led a small group OD children in an activity which involved moving 

parts oDtheir body, both individually and in pairs that is, pushing against a partner's 

hand and feet, gently pushing a person standing very still and seeing the effect. The 

children discussed which movement caused the person to come closer or to move 

further away and they labelled these actions as pushes and pulls. Comments from the 

children included "My arm is bigger than Nick's!" "It will be harder to push me than 

Daniel" "It is harder to push me when I am standing on my knees" 
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b) Play dough was a small group activity. Encouragement to explore the dough was 

given. "What different shapes can you make from the dough? How will you do this?" 

The children were encouraged by the teacher to discuss what they are doing. This 

encouragement to discuss what they are doing not only develops their oral skills but 

also helps them to clarify and order their ideas. 

Transcript 

Nick: I am making my dough into a moon crater. See all these holes. 

T: How did you make these holes in your dough? 

Nick: By pushing my fingers in the ball - see if you push really hard the hole 

goes in a long long way (suits action to words). 

T: I see the other side of your crater is different How did you 

make that surface? 

Nick: They are not really holes ( describing slight indented finger prints) They 

are just craters - really soft pushing - really soft ( demonstrating the 

action) 

Nick demonstrated that he was aware that the size and shape of the hole in the 

dough was a direct result of how much pressure he used in pushing the dough. 

c) In another small group activity the children were given a box of toys with parts 

that were moved by pushing or pulling. The children were asked to move the toys 

from one side of the room to the other. These toys included cars, puppets, wind-up 

animals and vehicles, pull along animals and vehicles with strings attached and 

jumping animals on springs. The range included a variety of power sources and toys 

that normally appeal to girls as well as boys. The children needed a period of 
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unstructured play with the toys before being required to investigate it formally. The 

children were able to make better use 0£ the equipment having explored it 

thoroughly, realising the toy's properties, potentials and limitations. 

It is apparent that the children were able to critically examine each item and 

collaboratively work out the most effective way o£making it move. These 

experiences gave opportunities for the children to share what they already knew 

about pushes and pulls. They provided an opportunity to explore the effects 0£ 

pushes and pulls and see the results, that is, pushes and pulls make things move. 

Emphasis was placed on the language and the verbalisation o£the action. For 

example, the children were encouraged to talk about their toy's shape, size, power 

source, how different parts move, who usually plays with it and where. 

The children then began to formulate their own questions such as: 

'What other ways are there to move things?' 

'How do we move heavy items?' 

'Why are heavy things hard to move?' 

'How can we make it easier?' 

'How do we get things closer, further away?' 

'Why do some things move fast, slow etc?' 

'How many things in the preschool room need a push or a pull to open or close 

it?' 

The teacher noted the children's interest and followed up their ideas. Resources such 

as balls, blocks, toy cars, cylinders, magnets, boards to use as ramps, elastic bands 

and string were provided for use in exploring every day physics. Familiar activities in 
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outdoor play such as swinging, seesaws, riding bikes, playing with balls and flying 

paper planes were introduced to the children for them to use in finding out more 

about the effect ofipushes, pulls, gravity and inertia in their everyday experiences. 

During the next two weeks experiences were planned to enable the children to 

explore these questions. 

a) The children explored the effects ofipushing and pulling on the windows, doors, 

drawers, cupboards and other equipment that was readily accessible in the preschool 

environment 

From the initial question "How do we make this door open" developed many other 

questions. 

'What movements do I use? A push or a pull?' 

'Do all doors work the same way?' 

'What else opens and closes like this?' 

The children were clearly exploring the concept that a push or a pull makes things 

move. 

The children spent some time investigating these questions and had the opportunity 

to express these ideas. The teacher then introduced the specific language "a push or 

pull is a force" "forces can make things go" to the children. 

The information was shared with the children by reading a factual text (Taylor 1990 

Science Starters: Force and Movement). Language often had to be modified so that 

the book was suitable for use with young children. Once the children were confident 

about applying the vocabulary ofi 'twist', 'turn', 'push and pull' the topic was 

extended to investigate how wheels move easily. The children's attention was drawn 
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to wheels by going on a 'wheel hunt' and by collecting objects with wheels from the 

room. 

Examples o£what the children found were toy cars, prams, wheel barrows, trolleys 

and some building toys such as Lego, Duplo and Mobilo. All these resources are 

easily available in the early childhood classroom. 

b) The children were asked to design and make their own moving vehicle which 

moved by being pulled or pushed. The children constructed vehicles out 0£ cardboard 

boxes, cylinders, string and used a variety 0£ fastening materials such as staples, glue 

and tape. In problem solving activities such as this the children seem to have more 

ideas i£the materials are easily seen and available. These vehicles had to be moved 

by a pull or a push. This activity created opportunities for discussion about designing 

and making and the use 0£ imagination and creativity.Working in pairs or in very 

small groups also helped the children to develop their ideas and language. 

When they finished they were asked to move items such as small dolls, paper 

passengers, blocks and shells around the preschool room. During group time children 

demonstrated their vehicles and talked about how their vehicles moved. The 

following examples represent some o£the ideas the children shared while presenting 

their own vehicle to the whole group. Descriptive words (such as sliding, bumpy, 

rough and smooth) were used to tell about the progress o£the vehicles. 

CI: See how fast my car can go (pulls the string very hard) It's because 0£ 

this (indicates the string) I am very strong and can pull it fast then the car 

goes fast. It goes fast because its smooth and not bumpy. 
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C2: This bus has to go very slowly (child kneels down and gives it a gentle 

push) just a little push will do. It will slide on the mat But you must be 

careful. The children (indicates paper passengers) and their mummy will 

have to hold on very tight. 

C3: My car is fantastic! Look at it go (pushes the construction quite hard). Oh 

great it crashed (picks it up) but when you just drive along and look for 

the shop you just pull the string (suits action to words, pulling string very 

carefully) 

The whole group reporting and small group explorations were followed by individual 

writing I drawing activities. The children had an opportunity to record what they had 

learned (see Figures 4.1, 4.2, 4.3). 

'The person is pulling 

the car. The string 

makes it pull. 

It has lots of:marbles 

in it and it is very heavy.• 

Figure 4.1 Rebecca's drawing and explanation of:her pull along vehicle. 



'My car has lots of 

wheels and lots of drivers. 

Lots of wheels will 

make it go fast., 
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Figure 4.2 Nick,s drawing and explanation of his construction of a 

passenger vehicle. 

, Another truck is pulling. 

The string will not break. 

it is very strong., 

Figure 4.3 June,s drawing and explanation about what was happening 

with her vehicle. 
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c) The experience of icing biscuits as a problem solving activity proved to stimulate 

interesting ideas. At least one child in each group was familiar with an icing bag and 

demonstrated the technique to his / her peers. ln all groups there was some 

discussion as to whether a squeeze was the same as a push. The following transcript 

represents a typical example of the type of teacher/child discourse that occurred 

during small group sessions. 

T: How are we going to put the icing on the biscuits? 

Cl: With that (indicating icing bag). 1t has cream in it, my mummy 

has one of those. 

T: How does it work? 

C 1: ( same child) You get your fingers and push them 

C2: No you don't push it you squeeze it. Like this (demonstrates action 

C3: You have to open this end ( indicating the other opening of the 

bag) and get the cream out there. 

Cl: No no its got to come out pretty- it's got to come out of there. 

( indicating icing) 

By testing all the children's ideas the teacher helped them to come to decisions about 

how the icing could best be put on the biscuit. More discussion during the activity 

focussed on the action of pushing and squeezing and the children decided that a 

squeeze was really a push with their fingers. 
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The children were given time to plan what to do, identify mistakes, solve problems 

and evaluate the eventual solution. Such tasks also cover many other areas of the 

curriculum such as oral language, technology and mathematics. 

Recording their Ideas 

During group time an opportunity was given for individual children to share what 

they knew about pushes and pulls. These ideas were recorded on a large piece of 

cardboard and displayed in the room. All the children in the group had input to the 

recording of ideas. The children's ideas were read out to the whole group and proved 

to stimulate a lot of discussion. Some of the children's ideas included: 

We push 

Cl: a pen to make a dot. 

C2: a car if it won't go 

C3: a ball to make it roll 

C4: swings to go very high 

C5: taps to turn them on 

C6: a door so you can get in 

C7: playdough to make shapes 

CS: things with wheels. 

C9: wheelbarrows 

ClO: a floating boat. 

We pull 

C 1: things that are tied up 

C2: very hard if it is stuck. 

C3: my gum boots on 
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C4: the rubbish bin in 

C5: your pants up 

C6: the chair from under the table 

C7: up the letterbox top 

C8: the bike out of the mud 

C9: a car by towing it 

ClO: vegetables out otthe garden. 

This sharing ot ideas led to discussions and interactions about what the children had 

seen and experienced. This activity provided the teacher with the opportunity to find 

out the children's understandings in order to stimulate and challenge further thinking. 

Introduction of Inertia 

At this point the teacher decided that the children had explored the concept ot pushes 

and pulls as a force quite extensively. It was thought that no further development in 

thinking would take place without the introduction ot more information. 

Because ofat's close link with pushes and pulls, inertia as a force was introduced to 

the children. Inertia is defined in Physics as 'an object at rest tends to stay at rest, 

and an object in motion tends to stay in motion in a straight line and at a constant 

speed unless acted upon by an unequal force.' (Newton's first law otmotion) (Livette 

and De Araigo 1991). 

As this language is not age appropriate it was necessary to define inertia in simple 

terms for example, "things keep doing what they are doing" . The major difficulty 

experienced in the developing otthis teaching program was in acquiring factual texts 

for use with very young children. It became apparent that the children needed to be 
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given key phrases which were much simpler. This new concept was introduced by 

playing three minutes of a video (Eureka series) on Forces suitable for children aged 

11-15. This video used cartoon graphics to illustrate inertia. The graphics were very 

good however the audio was too advanced so it was necessary to play the video 

without the sound and the teacher explained the concept in age appropriate language. 

For example, using familiar words such as stop, go, push and pull and giving less 

detail than the text which was written for secondary students. 

Although this did suffice, the teaching and learning would have been enhanced by 

scientifically based age appropriate material designed for young children. 

Because the teacher had already introduced the children to the language 'pushes and 

pulls are forces' they had little difficulty in accepting this concept. In a whole group 

discussion the children contributed reasons why they thought things ' .. keep doing 

what they are doing'. All children participated in this discussion. 

The most original suggestions included, 

CI: Because they are made of bricks. 

C2: Because it would be too heavy and stuck in the ground. 

C3: Because they got some stuff sticking underneath. 

C4: Because something doesn't stop them. 

C5: Because it's very light like a balloon. 

C6: Because you would have to put it in a truck. 

C7: Because concrete is very hard. 

C8: Because nothing can make it move. 

C9: Because posts stop them moving. 

CIO: Because it's buried in the ground and has roots under it. 

C 11: Because there's things at the bottom that stop it moving up. 
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In order to extend the concept to show the children that objects can be stopped or 

moved the children were encouraged to find something in the room they could make 

move and something they couldn't make move. The children participated in this 

investigation and they shared their ideas with others in a small group. Whilst not a 

lot OD formal recording occurred, a great deal OD discussion and whole group sharing 

took place. 

The children were unable to think oDany further extention or investigations oDthis 

concept. The teacher felt that this "language" experience was beneficial to the whole 

teaching program. Therefore, as "inertia" was quite an abstract concept for the 

children to grasp it was decided to let the children revisit it when it was appropriate 

in investigations about gravity and friction. 

Investigations about Gravity 

A useful source OD stimulus was familiar story books which could be used as a focus 

for explaining how forces affect our actions. Mr. McGee by Pamela Allen is a story 

OD a man who fell from the sky on to his bed and was the starting point for learning 

about gravity as a force. A discussion followed on what made Mr. McGee fall down 

from the sky. The term gravity was introduced and it was found that many OD the 

children were able to share what they knew about gravity. Many children were 

familiar with the term and associated the term with things falling down. To ascertain 

the children's understandings about this concept the children were encouraged to 

express their views in whole group discussion. In the following transcript taken from 

the beginning OD group time some OD the views were: 

Gravity makes: 
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Cl: Things stay on the table. 

C2: My hat stay on. 

C3: Apples fall down to the ground and not fly in the sky. 

C4: Eggs break when they fall. 

C5: Slippery dips are fun cause you go down. 

C6: The ball come down even when I throw it very high. 

C7: Us not float in the sky. 

It is evident from the above transcript that the children had already formed views 

about gravity and the effect it had on their immediate environment. In the discussion 

it was evident that many of:the children were retelling events from their own 

expenence. 

Within small groups the teacher and the children planned what investigations would 

help them to find out more about how gravity acts on objects. An interesting range of: 

responses were given (as shown in the following transcript) indicating a certain level 

of: investigatory skills. 

Some examples were: 

CI: Stand on a table and let lots of:things fall down 

C2: Go outside and throw a ball really high 

C3: Stop moving your legs on the swing and see what happens 

C4: Go down the slide 

C5: Jump off:the equipment outside. 

C6: Read a book about gravity. 

The children were able to follow through these ideas readily. Materials were 

available as part of:the preschool environment For example, inside equipment 
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included blocks, scrunched paper, feathers and lots of: found material for dropping 

from a height. 

Outdoor equipment included balls, hoops, swings, see-saw and a slippery dip. 

Playing on the swing enabled the teacher to encourage the children to notice how the 

swing starts, what movements make it go faster, and what happens when someone 

stops pushing them. Some of: the children noticed and reported back to others that 

the see-saw worked because they used their feet to push it off the ground. This 

heightened awareness of: their everyday experiences was noticed throughout their 

investigations. 

The teacher continually followed up experimentation by asking the children to 

consider what was happening and why it might be happening. The focus was always 

on the children's understanding of: what they were doing with the resources - whether 

it related to their questions or someone else's. The teacher also provided an activity 

which involved investigating with magnets and several objects which were attracted 

and objects which were not attracted to the magnets. This was a familiar activity to 

the children and the usual procedure was to classify the objects which were attracted 

by the magnet. 

As an interesting extension to this familiar activity a strong magnet was enclosed in a 

"ball" of:tissue paper. The children then investigated the materials by dropping small 

items (paper clips, pins, buttons, matchsticks) on to the magnetic ball and observing 

the result. This activity promoted a lot of: discussion and enabled the children to 

relate gravity with the magnetic force that they were able to experiment with. These 

investigations of: gravity as a force built on the children's present ideas, used familiar 

everyday experiences and presented a format for the consolidation of: their own ideas 

as well as providing extension of: those idea. 



91 

Investigations ofi Friction 

In their investigations ofi pushes and pulls, inertia and gravity the children had 

opportunities to observe the affect friction has on the movement ofian object. It 

seemed appropriate for the teacher to introduce the scientific term ofifriction so that 

the children had this language to describe phenomena they had already experienced. 

In the organised whole group time, the teacher reminded the children ofi their 

previous learning and the investigations they had participated in. The teacher 

helped the children to recall what they had explored in their search for more 

information about pushes and pulls, gravity and inertia. 

Discussion was encouraged about what things they had found that were hard to 

move and the children were given opportunities to share their ideas. A factual text 

(Science Starters, Force and Movement, Taylor B. 1990) was read to the children 

which gave them information about the effects ofi different surfaces on the motion ofi 

an object. Some activities and investigations were offered again to the children. 

These included inside play with ramps, toy cars, mats ofivarious textures to put on 

the ramps and play outside in the sandpit and on the grass and path surfaces. 

Activities which involved comparing how the soles ofitheir shoes and their feet in 

socks could slide on surfaces enabled the children to use their bodies to explore 

friction. The slippery-dip which is a very familiar source ofi enjoyment to the 

children formed a natural focus for obtaining more information about friction. 

Once the children had the opportunity to play on the slippery-dip they were asked by 

the teacher to think about the design. Questions came from the children themselves: 

'What is it made ofi?' 



'What makes it slippery?' 

'What makes the surface shiny?' 

'Why are there edges on it?' 
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Answers included a range of knowledge of materials such as plastic, wood, metal 

and hypotheses about the rain making it smooth and shiny. 

Attention soon turned to what the children could do on the slippery-dip: 

'How long does it take one child to slide down?' 

'Can you make yourself go quickly or slowly?' 

'Are bigger children quicker or slower then smaller children?' 

The children were encouraged to make simple generalisations such as " things move 

quickly on a smooth steep slope." These initial observations were extended by 

simple investigations in the classroom. 

One activity was the use of a ramp or slope to classify things that slide easily from 

those that do not. A variety of objects such as tins, boxes made from different 

materials, weights, balls, marbles, toys with and without wheels, sponges, pencils, 

erasers, rocks and pebbles were provided. The children watched the objects travel 

down the ramp and then they sorted them into categories; things that roll, things that 

slide, things that roll and slide and things that do not roll or slide easily. Discussion 

took place here with children using their knowledge of these objects to decide what 

made good rollers or sliders and why. The children then tested these objects on a 

slope which had a blanket added. The children spent more time testing these objects 

on the ramp which they covered with a carpet square. The repetition of content 

assisted children with the linking of ideas from one concept to the next. 
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The children were given an opportunity to choose from familiar activities and were 

encouraged to use scientific language and to describe what they were doing. This 

provided a familiar supportive environment in which to share with their peers what 

they had learned. This appeared to be an appropriate conclusion to the unit ot 

teaching about forces. 

Summary 

This chapter presented data about the children's investigations otforces. It was 

demonstrated that it is possible for children four to five ot age to formulate their own 

questions about the science concepts ot forces. They were also able with some 

teacher assistance to plan investigations which enabled them to obtain answers or 

solutions. 

It became evident that some ot the children did have prior knowledge ot concepts 

such as pushes and pulls, gravity and friction. The children's life experiences proved 

to be an important element in planning investigations, for example, testing familiar 

toys to see it they roll or slide and exploring the classroom environment to see what 

moved with a push or a pull. It was shown that during the teaching program all the 

children were able to contribute from their own experience base and some were then 

able to develop understandings which aligned with a scientist's view on forces. 

Whole group sharing time was an integral part ot the interactive teaching program. It 

enabled the children to share what they already knew, to ask questions or discuss 

problems as they arose and also to report back to their peers what they had found out. 

It also enabled the teacher/researcher to evaluate the activities as they occurred and 

to plan specifically for further investigations. 
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It appeared to be important that the children could see the relevance 0£ scientific 

principles in their own life. For example, the motivation to explore familiar 

equipment such as slippery dips and swings was very high and the observations 0£ 

the children appeared to benefit and be enhanced by the children being so familiar 

with the equipment. It became apparent that the concept 0£ forces was very much 

embedded in the children's everyday experiences. 

It can be argued that it is quite appropriate to introduce scientific terms and higher 

level-language constructs. This enabled the children to become more aware o£and 

acquire the knowledge to label their own scientific learning experiences. The 

children's original contributions to the discussions, the readily available materials for 

investigations and the teacher's role in supporting the learning experiences 

facilitated the successful the successful teaching sequence on forces to this 

age-group. 

In the next chapter the children's understandings 0£ forces both before and after the 

teaching sequence will be presented in detail. 
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Chapter Five 

Children's Understandings of Forces. 

Introduction. 

In Chapter Two it was shown that research into children's understandings OD forces 

had focused on children 8 years and older. Studies which documented young 

children's views OD forces could not be located. As a result, the following data makes 

an original contribution to the existing research on children's views OD 

forces. 

This section provides case study data on young children's understandings OD forces. 

Data will be presented on six children's (aged 4years 6mths to 5years 2mths.) 

understandings prior to and at the end OD a three week teaching program on forces. 

Data will also include a table oDthe remainder oDthe class views (24 children) oDthe 

concepts pushes and pulls and friction, prior to, and at the end OD a three week 

teaching program on forces. 

Context. 

In Chapter Three a three week unit OD work using a modified interactive teaching 

program (Biddulph and Osborne 1984; Fleer 1992) was detailed. To establish 

children's understandings about forces before any formal teaching occurred, each 

child was interviewed using an interview about instance and interview about events 

method (Osborne and Freyberg 1989). Each child was then interviewed after the 

teaching sequence. Interviews were conducted on an individual basis.Both pre-test 

and post-tests used identical questions and methods oDinterview.Guidelines for 

interviewing children were researched and interview questions and techniques took 

these guidelines into account (Bell 1985). 
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The interview consisted of a series of stimulus pictures showing instances which 

were relevant to the children's experiences (see Appendix 5.1), for example, 

swinging, bike riding, outdoor games and familiar toys such as trucks and balls. 

These were used as examples for set questions about what was happening in the 

picture. Children were shown a picture of an apple falling off a tree and were asked 

'What is happening to the apple?' 'What makes the apple fall off the tree?' 'Why does 

it go down?' (See Table 1). As opposed to eliciting right/ wrong answers the pictures 

were used as stimuli for evoking children's ideas. The children were encouraged to 

talk about the pictures as much as they were able to. This is consistent with research 

methods used to ascertain older children's understandings of forces (Kruger 1991; 

Kruger, Palacio and Summers 1992). All interviews were audio taped. Tapes were 

transcribed as soon as possible after the interview. 

Case Studies 

Details from three girls and three boys ' understandings are presented ( from a total 

of 30) followed by a summary table of the remainder of the class's understandings. 

The recorded age of the children was their age at the time of the first interview 

prior to the teaching sequence. The following section outlines the children's ideas 

prior to the unit being taught and their ideas at the conclusion of the lesson. 

Findings_ 

Child One . ( Rebecca - 4yrs 7 months) 

The child's prior ideas: 

1. Things move by pushing them. 

2. Things are hard to move because they are plastic. 

3. Apples fall off trees because someone hits it. 
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4. Apples fall down because it's (the stem) a little bit small. 

5. The path is best to ride a bike on because it has smooth things. 

6. The mud is sticky and you can ride on the grass, its easy. 

It is evident that from the above extract that Rebecca has some ideas that pushes 

make things move. She infers that it is the material that the object is made from 

which makes it hard to move. She demonstrates that she thinks the apple falling 

down has something to do with the stem. Her knowledge of: friction is evident in her 

answer which contrasts a smooth path with sticky mud. 

The child's ideas at the end of: the unit: 

1. You can pull or push things to make them go. 

2. Things are hard to move because they are heavy. 

3. Apples just drop to the ground. 

4. The stem, its getting old and just drops. 

5. You can ride real fast on the path. 

6. The mud is squishy and the wheels won't move and grass makes the wheels 

go slow. 

It is interesting to note that there is a quantitative change in the language used in the 

responses. The amount of: information that Rebecca is giving has increased. The 

concept of: pulling things to make them go was added to the original knowledge that 

pushes make things go. Rebecca indicates that the mass o:f:an object affects the force 

needed to make it move. She is still forming ideas about how it is that 

apples drop to the ground and that this is somehow connected to the age of: the apple 
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and the function of the stem. Rebecca has "fine tuned" her ideas of friction and 

shows an awareness that rough and smooth surfaces affect the speed of riding a three 

wheel bike. When asked at the post interviews to define forces, gravity and friction 

her answers were as follows: 

• Force- is up and down, and pulling and pushing. 

• Gravity- makes it hard to go up. 

• Friction- is easy when it's smooth, it's not rough. 

This indicates some understandings of current scientific terms. 

Child Two ( Jack 4yrs 9months ) 

The child's prior ideas: 

1. Things move by putting your hand on them. 

2. I'm not sure why they won't move. 

3. Apples fall because the wind pushes it off. 

4. They fall down because the apples try to get off and they fall. They go down 

because they can't fly. You have to have wings to fly. 

5. The path is easier (to ride a bike) because its more easier. 

6. If you do it in the mud or the grass it will be a lot harder because you will 

get stuck in the mud. 

It is evident that Jack is aware that things will stay where they are until something 

causes them to move. He would not venture an idea on what makes things hard to 

move. He was very sure that apples could not move anywhere but down and there 

is evidence of Piaget's animistic view that the wind is blowing the apple around and 

so it wants to get off the tree. When asked why it goes down and not up he repeated 
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several times that you need to fly i£you go up and apples can't fly cause they do not 

have wings. He shows he has a good grasp 0£ friction although he lacks the language 

to explain his ideas fully. 

The child's ideas at the end o£the teaching sequence follow: 

1. Things move by pushing and pulling. You can hold them and pull them 

along. 

2. Things are hard to move because they are so heavy. Sometimes they can 

have roots which make them stay where they are. 

3. Apples fall when the apple grows real hard. Something here ( indicates stalk 

0£ apple) can't hold on to it any longer and it falls down. 

4. It falls down because gravity. It pulls it down. 

5. Its easier to ride on the path because its so smooth. 

6. It's not good to ride in mud and it can be good to ride on the grass. 

Note that the amount o£words used and the level o£language ( for example, 

descriptors) increases in the post interviews. Using more scientific language such as 

pushing and pulling is in contrast to "you just put your hand on it". A scientific 

explanation ( indicating an awareness 0£ mass) that things are harder to move when 

heavy is a change in conceptual level from "I don't know". The explanation about the 

apple which seems to indicate an awareness 0£ forces acting on the apple and the 

stem. The use 0£ a scientific term such as gravity indicates new knowledge about the 

force of gravity. Descriptive words about the surface o£the path is added in Jack's 

answer concerning friction. 

When asked at the post interview to define forces, gravity and friction the child's 
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answers were as follows: 

• Force - makes things move , pushing and moving. Makes things stop. 

• Gravity - thats what keeps you down 

• Friction - making things roll faster, making things roll slower 

These answers indicate a good grasp of the scientific terms and the ability to apply 

them to his own experiences. The descriptions of friction were gained from 

experimenting with toy cars on different surfaces such as wood, path, lino, carpet, 

sand and grass. 

Child Three ( BonnyAyrs IOmonths) 

The child's prior ideas: 

1. Things move by playing with them, touch them and they go. By tipping them 

up and down. 

2. It's hard to move because wood can make them hard. 

3. Apples fall off if someone picks it. 

4. It goes down because once it goes down it doesn't come up ( chanted several 

time as if she has heard it said lots of times). 

5. The bike goes best on the path because we can ride on the path. 

6. 1 can't move in the grass when I am riding. When asked 'Why not?', she 

replied I just can't. 

The above responses indicate that Bonny is aware that things move by actions 

performed on them. She is not using terms such as push or pull. She associates an 
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item being hard to move because of: what it is made from. Apples fall offi trees 

because of: human intervention. She seems to be chanting a rhyme associated with 

things going down that she has heard elsewhere (not at preschool). Her knowledge 

about bike riding seems to be based on her own experiences of: what she is allowed 

to do rather than on knowledge o:f:the effect o:f:the surface on the wheels o:f:the bike. 

The child's ideas at the end o:f:the unit include. 

1. Things move by pushing them, pulling them and rolling them. 

2. Things are hard to move because they don't have wheels. 

3. Apples can fall of:f:the tree when someone shakes it then the root, it holds 

the apple, it breaks. 

4. Apples always fall down, they never fall up. 

5. The bike goes best on the path because its more smooth. 

6. It is hard to move on the grass because it is too soft and bumpy. 

In the post interviews Bonny uses scientific language ( pushes and pulls make things 

move). In contrast to her previous answer, she suggests things are hard to move 

because they don't have wheels. This indicates she has moved from viewing material 

as an indicator and sees wheels as something which helps things move. She also 

shows in her answer about the apple that she has some understanding about the apple 

falling and the stalk holding it. She is very definite that apples can fall down but not 

up. In her reasons for the bike on the path and the grass, she gives descriptive words 

about the surface o:f:the path and grass. This was not evident in the comments in the 

pre interview. 

When asked at the post interview to define forces, gravity and friction the child's 

answers were as follows; 
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• Force - a pull that makes it move and when things won't go. 

• Friction-it makes it easy on the road 

• Gravity-it was stopping us floating in space. 

These answers indicate a developing understanding of: scientist's views of: these 

phenomena. 

Child Four ( Shannon 4yrs 9mths ). 

The child's prior ideas included: 

1. Things move by using them, you push them and tum things around. 

2. 1 don't know why things are hard to move. 

3. Apples fall off:trees because the wind was blowing it too fast. 

4. They fall down because (no answer). 

5. The path is easier because you don't fall off:(why not) because its beautiful 

and you get.. .. (silence.) 

6. The grass is not easier, you can't do it with trainer wheels. I've got trainer 

wheels and they won't go on the grass. 

Shannon shows some knowledge of: how to make things move but did not have the 

language to express why heavy things were harder to move. Her explanation for why 

the apple fell offithe tree ( the wind blew it) was quite a common one with other 

children interviewed. She did not express a reason as to why the apple fell 

down. She did not use scientific terms to describe what it was like to ride on the path 

or the grass but she did relate to her own experience of: riding on grass with training 

wheels and acknowledge that it was difficult. 
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Her post - interview answers revealed the following: 

1. To move things you can pull, push or roll them. 

2. Things are hard to move if you can't roll them. 

3. The apple fell off the tree when the wind blows because it isn't very strong. 

She pointed to the stem and said that part isn't very strong. The apple is too 

heavy. 

4. Things fall down because its heavy, and when it grows and grows it gets 

bigger and drops. 

5. It's easier to ride on the path. It's not slippery or hard to do. 

6. You have to go slow on the grass - it make you slow. 

In the post interview Shannon gives a clear answer that you can pull, push or roll 

something to make it move. She indicates she has some idea that rolling things is an 

easy way to move things. Her ability to build on the already existing knowledge of 

the wind blowing the apples was evident in that she said it was the wind blowing but 

that it was.also the apple increasing in mass which caused the apple to fall off the 

tree. 

Shannon has indicated some increase in language in the answer to the question about 

the effect of friction on the speed and ease of riding a bike.Her answers were more 

confident and did not contain the long silences of the pre-interview. 

When asked at the post-interview to define forces, gravity and friction she replied: 

• Force- something that pushes, something that stops things. 

• Gravity-it goes down very fast. 
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• Friction-it does make cars roll sometimes. 

Shannon was not as confident giving definitions to the scientific terms. However, her 

answers to the questions about the pictures indicate that she is developing an 

understanding of accepted scientific theory. 

Child Five (Don aged 4yrs 6mths ). 

The child's prior ideas were as follows: 

1. To move things you gotta push it with your hand, hold it up and play with it. 

2. Things are hard to move because it's made of cardboard. 

3. Apples fall off the tree because you wiggle it ( the tree). 

4. They fall down -1 don't know . 

5.The path (no reason given when prompted). The grass is a bit soft. 

6. The grass .... .! don't know. 

Don indicates that he is aware that a push is needed to make things go. He attributes 

the problem of being hard to move to the material of which the articles is made. He 

attributes the movement of the apple tree to the reason apples fall off He does not 

seem to know why they fall down. He seems to be unsure of the effect different 

surfaces have on the ease of riding a bicycle. 

His post interview answers revealed the following: 

1. You need to push them, you push it and make it go. 

2. Things are hard to move because things can't move by themselves. 

3. Apples fall down from the tree when you shake it ( the tree). 

4. Because its too heavy to hanging on the tree. Things always fall down. 



105 

5. The path is hard and is easy to ride. 

6. On the mud no wheels can go fast and on the grass the wheels go too slow. 

Don is still aware otthe link between pushing something and making it go. He 

emphasises this by repeating the information. He does not indicate that he has gained 

any further knowledge about how we make things move. His second answer is 

slightly different in that there is no mention otthe material or composition otthe 

article but he seems to indicate knowledge otthe concept ofanertia in that "things 

keep on doing what they are doing". He indicated the direction of: "down" in his 

answer about the apple and again repeated this knowledge in an emphatic way. He 

gave "mass" as the reason for the apple falling oftthe tree in contrast to his first 

answer otnot knowing or venturing a reason. Greater descriptive language was used 

in his answer to what surfaces are easier to ride on. 

When asked to define force, gravity and friction he replied: 

• Force-it makes it go. 

• Gravity-it makes it go down. 

• Friction-it makes it go faster on the road. 

Don's answers indicates that he has developed in his knowledge and he was 

comfortable giving definitions to scientific terms. 

Child Six ( Nicholas 5yrs 2mths ) 

The child's prior ideas were as follows: 

1. You make things move with your hand. 

2. It's hard to move because it might be heavy. 

3. The apple - Its falling- I don't know why. 
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4. It goes down because everything has gravity. Gravity is something you can't 

see like air. 

5. The path is easier. (why?) The path has more ... ( trailed off into silence). 

Its more easier because it stays down like tiles. 

6. The mud is pretty hard to ride on, grass -the same thing (why?) -1 don't 

know. 

Nicholas indicated that he was aware that to make things go required some action 

from him. He had some knowledge that "mass" was associated with mobility. He 

showed that he had the language of gravity associated with something moving down. 

When asked to expand on this he knew it was something you couldn't see but then 

ran out of ideas or he didn't have the language to explain further. His response to the 

questions about friction were similar - he knew what worked best but seemed to lack 

the appropriate language to explain what he knew. 

Nicholas's answers to post teaching questions included: 

1. You can push things with your hand to make them go. You can use pulling 

to make it go. 

2. If things might be hard to pull they are too heavy and have too many things 

3. The apple falls down, sometimes when the wind is blowing. 

4. It falls because gravity pulls it down. Gravity comes from the ground. 

5. The path is smooth and hard and things go faster. 

6. The mud is all sticky and you have to push the pedals hard. The wheels go 

slower. The same tiling happens on the grass. 
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Nicholas' answers consistently covered more detail and used higher level language in 

the post - interview. He used both pulls and pushes to describe what made things go. 

He gave a good explanation ofi what could change the mass ofi an item ("too many 

things in it") and this appeared to be knowledge gained from his own experience. He 

again displayed some knowledge about gravity, using the term and expanding on 

what he had started to say in the before teaching sequence interviews. His 

explanations about friction were well constructed and thought out and gave 

indication ofi higher level language. 

When asked at the post interview to define forces, gravity and friction Nick 

answered as follows: 

• Force- pushes and pulls that move something. 

• Gravity- it's the reason things stay down. 

• Friction- it's smooth and rough and can make toys go fast or slow. 

These answers indicate a confident understanding ofi the scientific terms. Nick used 

different language in defining the terms to when he was describing the pictures 

which seems to indicate an ability to apply this knowledge contextually. 

Summary ofi the Case Studies 

The above six case studies provide a representative overview ofi the types ofi 

knowledge that the children had before formal teaching on forces. It is interesting to 

note that all the questions seemed appropriate for the children to respond to and the 

six children all had some prior knowledge ofi how forces affect their own 

expenences. 
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The post interviews indicate that many children developed a greater understanding of 

the effect of forces. The amount of words used in responses increased and higher 

level descriptors were noted. The use of scientific terms was also evident in these 

post interviews. In-depth analysis of these answers will be covered in Chapter Six 

The next section provides data on the class views prior to the teaching sequence and 

their views after the teaching sequence. 
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Pushes and Pulls 

Prior Ideas 
roll them. 1 truck can move 
-,--.,..... .................. ____ ... 1f---.... P-o.,.s_t•,..re ... a.._ch_i_.n..,e_\_1je._w..,s_H..._..el,..d.._. --4--1 __ c..,o ... m .. m..,e.,.n_r..._s _j 

: a) pushing. rolling. pull them j More des<T1pm-e j 
brushes are hard to move 
cause you have to push 
them 

with your feet. with your 
hands, throw them up 
because they don't have 
wheels 
with it's wheels, with a truck. 
'cause I haven't got big arms. 

move the motor, with petrol 
you press burtons. you roll 
them 
you roll them around and 
they go because h is on the 
ltTOU/Jd. 
by holding them. pedalling. 
mo\ing it arowld. 
because thev are heavv. 
by playing with them. push it, 
throw it. 
'cause rhey are, you'd have to 
oush h. 
by playing wirh rhem. 
because they are heavy. 

1

1 

b) 'cause they don't have wheels. 

1 

la11guage. 

1 
Ack11owledgmg 

I 
wheel.~ can make 

a) by your hands. you push a11d pull 
rhem. push yourself 

b) Because they haven't got wheels. 
wheels make the movin eas . 

I 
I b) 
I 

I 
i a) 

! bl 
i a) 

I 
bl 
a) 

bl 

pusha11d pull 
rhey are roo heavy and stuck rhere. 

you can push and roll and push the 
button~. 
Because they are heavy. 

by pushing and pulling them. by 
riding. 
'cause it is heavy. 
by pushing them. maybe with your 
legs. you could pull them to the 
other side. 
'cause somerhinR is sruck on ir. 
pushing and pulling, by putting ir 
on the llfound and pushing it. 
because thev are heavv. 

1

1 

rhi11gs easier ro 1

1 mo1-e. 
I La11guage usage 
I Ack11owledge wheels 
I make mo,·ing ea:,:r. 

I Progressio11 to 
I sciemific la11guage. 
. Co11cepr of mass. 
j Progression ro 
, sciemific language. I Co11cepr of mass. 

I 
I 
j Progressio11 to 
i sciemific language. 
· Concept of mass. 
j Progressio11 ro 
I sciemific la11guage. 

I 
Use of sciemific . 
la11guage. 

a) . by rolling them, you have to a) by pushing them and pulling-by Progression ro 
push h. kicking if they have got wheels. scienrific language. 

b) because they .... .I ... don't b) because they are bumpy and it is Co11cepr o/'fricrion. 
know ..... well... ... so rough. 

a) oil wheels. bikes can move. a) you can push cars and you can ride Concepr o/fricrion. 
b) because they run out of gas. a bike, you can push other things 

too. 
b) because h can be hard to move on 

and h iust Rets stuck. 
a) pull. push. rwirl. a) pull and pushing. /nerria lceeps rhings 
bJ no answer b) 'cause they just won't go. doing whar rile)• are 

doin!(. 
a) you push on h, you sit on h, a) by pulling them. you roll it an Scienrific language. 

you roll h. easy way. Inertia 
b) because some things are hard b) Things won'r move by 

and you can'r move them, themselves. 
because they don't have 
moving thinRS on rhem. 

a) you roll them round, you push 1) you push them. when you ride a Fricrion. 
s rruck. bike you push your feet. 

b) because you've never seen b) Because they are rricky ro go over 
them before. bia bumi,s. 

a) by pushing h, by riding it. a) by pushing it. by pulling it Progressio11 ro 
b) because rhey would have b) because they're heavy. scienrific language. 

thinRS in it. Concei,r of mass. 
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Pushes and Pulls 

Charlotte a) bounce. drive. push. a) push them. ride them, kick them. Concept qf moss. 
Age: 5:1 b) becaUJe they are tight. rolling. 

b) thev are too bia and heavv. 
Matthew a) with your hands. live them a a) pushing. pulling, pushing Scientific lanp1p. 
Age: 4:5 push. backwards, carry h. 

b) because they are stuck b) 'cause they are reMly big. 
to1mher. 

Alex a) by wheeb, you roll them. a) pushing, pushing It down, pushing Scientific -,uase 
Age: 4:10 b) they've got wood on them. them backwards and forwards, Friction 

pulling them. 
bl thev scntch the IIMUnd, 

Jocelyn a) put batteries in it, move it a) by pushi111 it and pulling them, l'rogresJion t> 
Ap:4:4 with hands, I don't know. carry them. pushing them down. fcientific~ 

b) becaUJe it is heavy. b) Bec4ISe they',e heavy fu'1 ofi Concept o/ma.ss. 
thinas. 

Matthew a) push them. throw, sweep, a) cany them. puJh. preSS a button, Mass 
Age:4:11 drive. push 

b) I don't know. b) because they are heavv. 
Jessica a) by moving it with your hands a) push, pull it uong, put it on a Scientific bJsuale. 
Age: 4:10 and feet. t10lley with wheels on it. Mass 

b) I don't know, I think it mipt b) Because it's heavy and hard to Inertia 
bebia. move bv itselfi 

Julian a) I can roll those and push a) push, roll and pull them. Scientific lanpise 
Age: 4:7 the10, riding and moving b) Because it CL'l scr&rne on the floor Friction. 

works. and get stuck. 
bl because it's aot some brakes. 

Cassie I a> you push them. you pop them a) pushing them. pull them, lift them. l'rogresJion to 
Age: 4:8 up: b) 'cause they are very heavy. fcientific 1cJnsua8e. 

b) thev're heavv thinas. Conceot o/ma.ss. 
Jaimee a) you pick it up and move it, a) push them and you can pull them. Scientific ,enns used 

I Age: 4:7 people can throw and kick b) Because it is very heavy and can Concept o/mass. 

! . _- balls .. be a big box too . 
b) you can carrv a bia box. 

I Heather a) push them move them with a) push and pull, sometimes you have Scientific terms 
Age: 4:9 your legs. to push really hard. used 

! b) I don't know. b) Because it hasn't got wheels. Wheeh malae moving 
easier 

June a) you can move it with your a) pushing and pulling, move it with Scientific terms 
Age: 4:6 hands, touch the buttons. your hands. used 

b) it could get stuck on the b) It can be very heavy, use the Wheeh 
around. wheels to make it move. Mass 

Table S.1 Class views on Pushes and Pulls. 
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Friction 

Child pnnr ltl.-as Post-teachin• Views Held rA..,ments 
Mitchell flllL.'cause it's hard fllh. because it's more smoother. Higher level 
Age: 5.0 .Mwl you will get bogged MwL it's 100 mushy and the wheels language. 

Y!IH squashy. won't go. 
~- the grass will make it hard to 
push. it's too heavy 

Lyn fllh. 'cause you don't fall offi fllh. because you can push the pedals, Acknowledges the 
Age: 4:9. Mwl because you fall offiand get h's easy. differences in 

your clothes dirty. .Mwl you have to push the pedals surfaces. 
~ because it's tricky. 

Grau sometimes it's easv. 
Callum fl1h. I can ride really fast. I don t fllh. it's easy to ride, the path is Uses own I Age: 4:6 know why. smooth. e11periences lo 

MwL. it's too hard Mwl you push the pedals and make a respond. 
Y!IH it gets harder. I stop and puddle with you_r wheels. 
can't go. You have to stop and use ~ makes ~Y bike go slow. it feels 
vour feet. heavy. 

Annabel M there might be rocks. h's fl1h. h's easy ifiyou go down hill and 
Age: 4:5 good ifithere are no rocks. look out for the rocks. 

.Mwl you will get mud on you-h's .Mwl no, you just can't ride in the mud . 
sticky. ~ it can be bumpy and you can't go 
Grass vou can fall over. fast. 

Lily M the bike goes easy on bricks .• fl1h the bricks are smooth and hard. Higher level 
Age: 4:9 .Mwl it's gooey. Mwl is gooey, it stops the bike. descriptors . 

Grass it won't ao on the arass. Grass is very soft and bumpy. 
Nathan ·flth. because it's hard. fllh. is easy to ride on because it is all Progression to 

, Age: 4:9 MYll yuk. I don't know. hard. better descriptive 
I .YrAH it's hard to ride, I don't Mllll it makes the bike stop because it language. 

I know is all sticky. I 
I 

Y[W h has bumps in h and that makes I 
I the bike stop. 

! 

I 

Andrew Ellh. because h's flat. it's easy to fJth. is good to pedal because h is flat Higher level I 
Age: 4:10 ride on and not bumpy. descriptors. i M.wL. you can't ride because it's Mwl you can ride but it would be slow ! 

I 
sticky: and sticky. 

I YIJSS it's hard to ride because the QIIU the grass is bumpy. 
arass is Iona and short. I 

I 

Lucy fl1h. you just ride on it and make fllh. is smooth to ride on fast Accurate I 

Age: 4:10 itgo. .Mwl h's rough and the wheels go descriptors. I 
.Mwl too mushy to ride in., slow. i 
Ollu you can get stuck in some Qaas makes the wheels bumpy and a I 
iirass. bit slow. I 

I Arden Eah, always make you ride faster. fl1h. the path makes you go fast I 

Age: 4:10 Mwl the bike will get sticky. because it is stronger. 

I YDU yes you can ride on the .Mwl the sticky mud stops the bike. 
grass. YIJSS you can go slow on the grass 

because h is bumov. 
Patrick El1b you can still go on the path. fllh. is good to ride on because there 
Age: 4:10 Mwl you'd get stuck in the mud. is cement under it. 

Q.IJII you can ride on grass 100- MYsL you'd get stuck and dirty. 
not as fast as the path. Mflll OK to ride ifiyou don't go too 

fast 
Corinne fl1h. paths are easier to ride-there Ealb. it's easier to ride on because it is 

! I Age: 4:2 are no stones. flatter. 
I Mud the bike will aet dirtv. Mud the wheels will aet stuck because 
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Friction 

Or.Ill the grass will get on it it just isn't like the path. I I Grm it will make the wheels go I ! 
slower. ! 

Catherine fl1h, because you don't fall off fl1h, easy because it has no bumps in ; 

Age: 4:11 Mwl you could get stuck. it. I 
Orm you fall off if you ride on Mwl the bike won't go. the mud I 

the grass-I don't know why. doesn't let h go. i 
Grn~ h's too bumpy_ i 

Christopher fl1ll because h's flat. fl1ll because it is flat. I I 
Age. 410 MlHL you will get stuck in it. Mwl the wheels will get stuck and not I i 

~ is a bit bumpy. go fast. i ' I 
YmH h will be too bumpy to push the 

I 

pedals. 
I I 

Charlotte Path. it's easier because the bike Path. h's easier because you just push Quantitative 
Age: 5:1 goes more. the pedals and it moves. in~ease in 

Ml!.d.. 1 don't know. h's too muddy. Mud. you can pedal the bike and you language. 
~ it would be squishy. wouldn't be able to move. 

.Qrm it's easy to move on the grass. 
the grass has been cut, it's not easy 
when the 2rass is 10112. 

Matthew ~ easy to just go, you just ride. fl1h, h's really to ride on the path. it is Progression to 
Age: 4:5 Mml the bike will get dirty. hard and smooth. better descriptive 

~ not easy because you will Mud it just stops you. language. 
get stuck. Grass too bumpy, you go too slow. 

Alex Path. h goes further on the path Path. the path is flat and smooth. 
Age: 4:10 because h is smooth Mud. the bike will get stuck because h 

MY!L you get stuck. is gooey. 
{km you can go on the grus a .GrAH you can go fist on really flat 
little bh. 2!"ass. 

Jocelyn fl1h. because h is flat and easy. flth. bikes go faster because h is 
Age: 4:4 Mild too gooey and squishy. flatter. 

~ can be very bumpy. Mild. h's squishy and wheels go slow. 
~ h's bumpy and the bike is hard 
to nedal. 

Matthew lath. h's good to ride on because :etlb. h's good to ride on the path 
Age: 4:11 h'a flat. because h's amooth. 

MwL the bike might ltick in the Mwl. the mid would be sticky and 
mud. make the bike go alow. 
{imu h would be a bit hard to ride ~ would be hard to tum the 
with trainina wheels in the an.a.. wwi-. h'I too rouah. 

Jessica Elda. there ii nowhere else that ii bib. h's good on the path becauae h is 
Age: 4:10 good, h ia flat but 10metimea hu lffl00dl 

hilla. Mud. it makes the bike go slow and 
Mud. )'OIi will stuck on your bike. you have to puah the pedals very hard. 
~ 10me bikes can ride on the YI!& aometimea h can be easy on the 
graa ifih hu big wheela. grua, )'OIi have to go slowly and 

carefully. 
Julian El&b. is good became you can see bib. it'I good because h ii IO smooth. 
Age: 4:7 h iu flat road. MwL h's smooth too but different, the 

' Mud. geta all squishy. bike wont really go. 
gzw h will get stopped the ~ too bumpy- h will go slowly. 
wheel• can't ""forward,. 

Cuaie Eilh. ii euy to ride on becau1e h't eldl. is euy to ride becauae h ia 
Age:4:8 toft. smooth, h'a not very bumpy. 

MUii is euv to ride in. Mud it's too slow to ride in the mud. 



113 

Friction 

Y£1U no. it will be hard to ride on Olm h's too slow to ride on the grass. 
some arass. 

Jaimee fllh. it make you a better rider. fllh. h is easy because the path is 
Age: 4:7 MY!Lit will splash on your clothes. made from hard things. 

Olm you ~II fall down offiyour MJ.l!l it can be too sticky and muddy. 
bike. !i[w it will get very bumpy and shake 

vou offivour bike. 
Heather fl1h. because h's hard. fllb. because it's hard. 
Age: 4:9 Mwt not a good idea. too mushy. MYd the mud will make the bike go 

!i[w it's OK ifi you push the slower. 
pedals hard. Orm the grass is bumpy and you have 

to oush the nedals hard. 
June bl!!. the bike will go fast. fllh. the path is smooth and hard and 
Age: 4:6 MY!L it will get stuck on wheels. the bike will go fast. 

QrlU the bike won't go. Mud. it will not go fast. 
I YIW you have to ride slow because it 

is bumov. 

T:abic 5.2 Cl:ua views on Friction. 
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DISCUSSION OF THE CLASS VIEWS. 

In examining the overall responses of these children it is interesting to note the 

progression to more scientific explanations in the post-teaching interviews. This 

section will include a summary and discussion of the patterns which were evident in 

these responses. 

The Concept of Pushes and Pulls 

Question 1: What makes things go? 

Pre-Interview Responses 

Twelve children ( 50%) included the terms push or pull in their response. One child 

used both words. All the children gave responses to this question, and there were no 

responses of silence or "I don't know' . This indicates that all children were 

confident in answering this question and had views about what was being asked. 

Post-Interview Responses. 

Twenty-four children (100%) used both terms (push and pull) in their response to 

"what makes things go?". There was quite a good progression towards using 

scientific terms and higher level language. 

Question 2. What makes things hard to move? 

Pre-Interview Responses 

Five children (21 % ) answered that they didn't know. Four children ( 17% ) gave the 
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answer 'because it is too heavy' which agrees with the scientists view that mass 

affects how hard/easy it is to move an object. 

Two children (8%) indicated that they thought it was because the object did not have 

wheels. This is also a view held by scientists. One child (4%) attributed the reason to 

the material it was made from. This was similar to two ofi the six children 

represented in the case study sample. 

Post-Interview Responses. 

Twelve children ( 50%) gave an answer which indicated knowledge that mass affects 

how easy it is to move. Five children (21 % ) gave friction as the reason for why 

things are hard to move. Friction was not given at all as an explanation in the 

pre-interviews. Four children (17%) acknowledged that wheels and rolling made 

things easier to move. Three children (13%) by their response indicated an 

awareness ofiinertia, that is, things; 'keep doing what they are doing.' 

As in the previous question there was a noticeable increase in the amount ofi 

language used and the progression towards a higher conceptual level and scientific 

views after the three week teaching sequence.(21 % -50% increase in response) 

The Concept ofi Friction. 

Question 3. Which surface is easier to ride the bike?" 

Pre-Interview Responses 

Twenty-four children ( 100%) responded that the path was easier to ride their bike on. 

There were quite a few different reasons given as to why it was easier.Six children 
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(29%) said it was because the path was flat.Three children (13%) attributed it to the 

surface, for example, it was hard. Several children suggested they could ride really 

fast. 

One child described it as smooth. Several children described how they could ride on 

the path really fast using their own experiences to relate to the question. There was a 

good deal of: similarity among responses to riding in the mud.You will get stuck, or it 

is sticky accounted for ten ( 4 2 % ) answers. Another popular answer ... 'it will make 

me ( or the bike) dirty' was offered by several of: the children. The major replies to 

riding on the grass was that it was too hard with only two children (8%) describing 

the surface e.g. bumpy or long or short.It was interesting to note that talking about 

riding on the grass encouraged the children to give details about their own 

experiences, for example, 'I fell off: and hit my head', 'I stop and can't go' and 'It's a 

bit hard to ride in the grass with training wheels'. 

Post-Interview Responses. 

The answer that the path was easier to ride on was reinforced by all of: the children 

(100%). However, it can be noted that seventeen children (71 %) gave a description 

of: the surface as the reason why the bike can go faster. This is in keeping with the 

concept of: friction and that a smooth surface causes less :friction allowing the bike 

wheels to tum faster. More descriptive words were also used in discussing if: it is 

easy to ride in the mud. The descriptive words replaced words such as 'dirty' and 

'yukky' and again were more focused on the surface of: the mud's effect on the 

wheels of: the bike. When describing the effect of: the grass the more common 

answers given (16 children or 67%) were, ... 'it's too bumpy', 'it makes the bike go 

slow', again corresponding with scientists' views of.friction 

http://short.lt
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Summary 

This chapter presented data of both pre and post teaching interviews of the case 

study and remainder of the class views. Data which are available indicated that the 

children's responses were spontaneous and confident. This was evident in both the 

case studies and the remainder of the class views. Such willingness to formulate 

theories about why the world is as it is leads to the assumption that the children were 

assured in their own views of forces. 

It was shown in both the pre and post interviews that the children, s responses were 

related to their own experiences. This indicates that young children of 4-5 years are 

aware of instances where forces affect their everyday lives. It can be argued that they 

have made decisions and developed understandings based on these experiences. As 

demonstrated in their answers to specific questions, at times they have not developed 

appropriate language at a higher conceptual level to facilitate their explanations. 

The implementation of the qualitative research methods of case studies and diary 

records enabled the variety and richness of individual responses to be considered. It 

could be argued that a holistic picture would not have been possible if quantitative 

methods had been used. 

The data in this chapter have clearly shown that young children do have prior ideas 

of forces. This suggests that in curriculum planning it is necessary to consider that 

children at this young age not only have first hand experience of forces but also have 

formed views about how the laws of forces affect their lives. The data collected in 

this study and presented in this chapter provides insight of the ideas and thinking 

which takes place. Therefore, activities and teaching strategies should be planned 

which challenge the range of ideas which already exist. 
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In reviewing data presented in this chapter on children's understandings of forces it 

could then be proposed that pre-school children may well have a strong base of 

accurate scientific knowledge on which early years science education may build. 

In the next chapter analysis of the children's views will be presented Data will be 

analysed for emerging patterns and higher conceptual language use. Implications for 

early childhood education will be discussed. 
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Appendix 5.1 

Questions asked at both pre and post test interviews. 

Pushes and Pulls. 

How can you make things move? 

What's an easy way to move things? 

Why are some things hard to move? 

( There were illustrations of familiar toys and equipment; toy trucks, toy train, 
tricycle, balls, beads, cash register) 

Gravity. 

What is happening to the apple? 

What makes the apple fall off the tree? 

Why does it fall down? 

(The picture was of an apple falling off an apple tree) 

Friction. 

Which surface would make it easier to ride the bike? 

Why? 

(The illustrations included pencil drawings of mud, grass, path, sand and water with 

a picture of a child sitting on a tricycle in the centre) 
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Chapter Six 

Analysis of Data 

The purpose 0£ this study was to document children's understandings 0£ forces. The 

data presented in Chapter Five indicated that children did hold views on forces 

before any formal teaching or planned investigations took place. 

The science concepts 0£ pushes and pulls, inertia, gravity and friction were the focus 

0£ the investigation as they were the most frequently occurring forces which affected 

the children's everyday experiences. 

By recording children's progress during a three week teaching sequence 0£ forces it 

was envisaged that effective teaching strategies could be identified which would 

facilitate learning in this area. In Chapter Four transcripts were presented that were 

typical o£the type and range o£interactions that occurred during the three weeks 0£ 

teaching. It was found that the children who were involved in the program were able 

to ask questions and investigate forces within the preschool environment. 

In this chapter the data presented in Chapter Four and Five will be examined closely 

for emerging patterns, indications 0£ higher conceptual thinking and any progress or 

development shown by individual children. The analysis 0£ these data were 

undertaken as a means 0£ answering two research questions: 

1) What views do young children hold about forces? 

2) How do children's ideas change as a result o£being involved in an 

interactive teaching program on forces? 



121 

In order to answer the first question the children responses to pre interviews were 

analysed for evidence ofi consistent patterns. Each child was interviewed, using an 

interview about instance design (Osborne and Freyberg 1989) to establish what they 

knew about forces (refer to Chapter Five for in-depth descriptions ofiprocedure, and 

Appendix 5 .1 for details ofi questions). In order to collect as much information as 

possible, interviews were conducted on an individual basis and children were 

encouraged to talk about the pictures as much as they were able to. 

The data which were noted as significant were the children's ideas which were 

consistent with scientific views and the ideas which reflected their own experience. 

The second question was addressed by documenting the changes which occurred in 

the post interviews responses. Children's language was recorded as they conducted 

their own investigations in order to gain more understanding about forces. 

This chapter will draw together research evidence from Chapters Four and Five and 

present findings about young children's understandings about forces.It is intended 

that these findings will provide information for early childhood practitioners in 

planning science curriculum for early childhood. 

Q. 1. What views do y.Qlillg children hold about forces? 

It has been established by data presented in Chapters Four and Five ofithis study that 

the children had already formed views ofithe science concept forces. It could then be 

proposed using evidence from data collected that young children's understandings ofi 

the scientific concept ofi force are also more advanced than we were at first aware. 

http://forces.lt
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In the participation ofithis study the researcher was aware ofithe importance ofi 

focussing on what children can already do and what knowledge young children 

already possess about scientific concepts. 

Donaldson (1984) suggests that much ofithe research carried out in the first halfiofi 

this century appears to have been curiously preoccupied with young children's 

incapacities. Results were consistently reported which appeared to indicate that 

young children were surprisingly limited in what they could do, in the ways in which 

they could understand and in the ways in which they could reason. In recent years 

matters have noticeably changed and a much more positive attitude tends now to 

prevail. Researchers are now apt to look actively for things which young children can 

do. 

Osborne and Freyberg (1989) support this evidence by drawing attention to their 

general findings about children's ideas in science. They have detailed many 

investigations into children's understandings using methods such as interviews 

similar to the present study and classroom observation. A significant finding which 

relates to the present study is; 

From a young age, and prior to any teaching and learning ofi formal science 

children develop meanings for many words used in science teaching and views 

ofithe world which relate to ideas taught in science (p.12). 

This is especially true in relation to children's views about phenomena that exists in 

their own experiences. In this study the relevance ofi the laws ofi forces to the 

children's everyday experiences were evident in their responses to the before and 

after interview questions and the enthusiasm with which they investigated and sought 

out more knowledge. 
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Findings._ 

Young Children hold views which are aligned with scientists' views. 

In investigations carried out with older children, the purpose of research was to 

identify right and wrong answers, that is, answers which agreed with the scientific 

community and answers which did not. The analysis nearly always reflected back on 

the strategies of the teaching methods used to qualify these right and wrong answers. 

In researching this topic with very young children who had not any formal teaching 

of forces and to that matter who had very limited scientific instruction of any type, 

the researcher was careful not to make any assumptions that responses would align 

with scientific answers. It is interesting to note that in the following responses 

several answers were similar to scientific views and would be acceptable to the 

scientific community. 

Scientists describe a force as a push or a pull. Pushes and pulls can make things 

begin to move. None of the everyday words like energy, power or pressure would be 

accepted as scientific definitions of force.When the children were asked "What 

makes things go?" 15 children of a total of 30 used the terms push or pull in their 

responses. All ( 100%) of the children indicated that they knew that to move 

something required an action by something else. Examples of these answers are 'you 

move things by putting your hand on it' and 'by touching it'. 

In other answers there were indications that children were aware that something is 

hard to move because of what it is made from. Mass (or weight) is an attribute wbich 

affects the ease of movement. Examples of answers to 'what makes things hard to 

move?' are 'because they are so heavy', 'wood can make them hard' and 'they have 

too many things in'. Half of the answers (50%) reflected this view. Several children 

also indicated that things with wheels are easier to move than things without wheels. 
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These examples demonstrate that in the responses 0£ these young children there 

exists a strong base 0£ accurate scientific knowledge before any formal teaching or 

discussion takes place. 

Other examples 0£ responses which aligned with scientific thinking occurred in the 

concept 0£ friction. Scientists' view 0£ friction is a force that stops one object from 

moving across or through another. Answers which aligned with this view used 

descriptive responses such as 'smooth', 'its hard', 'it's flat' and 'not bumpy'. Thirty 

children were sure it is easier to ride on the path. Explanations included; 'you can go 

fast', 'it's easier to ride' ,'you can dust pedal' and 'it moves'. The use of words and 

descriptions such as 'bumpy', 'gooey', 'rough', 'it will make the wheels go slower', 

'you will have to push the pedals harder', 'it's hard to ride on', 'the wheels won't go 

forwards' - indicates that these comments are obviously taken from the children's 

own experiences and also that they are well reasoned and reflect the beliefs 0£ 

scientists' view 0£ friction. 

In the area 0£ gravity it was interesting to note that although one child used the 

scientific explanation that things go down because everything has gravity, several 

children indicated that they were sure the apple would fall down and would not go 

up. Three children indicated that the reason had something to do with the stalk 0£ the 

apple and the apple increasing in size. This is clear indication 0£ developing 

towards a scientific reason. It seems appropriate to emphasise that the sample 0£ four 

year old children from a large city preschool in a new housing area have limited life 

experiences especially in the areas 0£ fruit growing. It could be assumed that the 

child is able to generalise the knowledge already held about the force 0£ gravity to 

the situation o£the apple falling. 

In their book 'Encouraging Primary Science' Raper and Stringer (1987) argue that it 

is not true to say that thinking scientifically necessarily demands higher order 
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thinking skills. They make the point that so often children's natural curiosity leads on 

to science. They compare this natural curiosity to a scientist's ability to be open

minded, accept and develop new ideas, to perceive opportunities and exploit them 

and to look for reasons and explanations (p.50). All of these behaviours are observed 

in the children's responses to the teaching sequence on forces in this study. The 

examples given in this section demonstrate that in the responses of these young 

children there exists a strong base of accurate scientific knowledge before any 

formal thinking or discussion takes place. 

In analysing children's alternate views Osborne and Freyberg (1989) comment on 

how children acquire their ideas prior to their formal teaching in science. 

It is sufficient here to observe that young children, like scientists, are curious 

about the world around them, and in how and why things 

behave as they do. Children naturally attempt to make sense of the 

world in which they live in terms of their experiences, their current knowledge 

and their use oflanguage (p.13). 

Further discussion about young children's scientific thinking occurs in Chapter Two 

of this thesis. It seems clear and can then be proposed that the 'scientific view' 1s 

within the grasp of at least some children in the age group sampled. 

This raises the question discussed briefly in the next section, "What do children use 

as their reference point for answers which are not acceptable to the scientific 

community?" 

Young children hold views which reflect their immediate experiences. 

Before the school years, thinking and language are for the most part spontaneous in 

the sense that they arise out of the children's own interests and concerns. Their 
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thoughts in the preschool years are largely guided by their own purposes, which may 

shift freely from moment to moment (Bloom 1990; Carr 1994; Osborne 1985) There 

are few tasks to which they are required to 'apply their minds'. As Donaldson (1984) 

puts it, the thinking of preschool children is for the most part embedded in 

immediate personal experience. 

Driver, Guesne and Tiberghien (1985) suggest that children's ideas and 

interpretations of science are formed through talking with other people around them 

and exposure to the media as well as their own everyday experiences (p.2). 

A wide variety of terms has been used to describe students' ideas and beliefs about 

the world around them. These descriptors include children's science, alternative 

frameworks, misconceptions, etc. (see Chapter Two for details and definitions of 

these terms). Gould (1987) as cited in Fensham (1991) has analysed the descriptions 

which appear in the literature into what he calls 'basic terms' (for example, ideas, 

meanings, conceptions, structures) and qualifiers (for example, alternative, personal 

and intuitive). He argues that a surprising range of descriptors has been used for 

what seems to be one broad issue. That is, the language of these different descriptors 

can imply characteristics of the ideas and beliefs of the students (Fensham 1991; 

p.82). 

When analysing the children's answers it became clear that the term misconception 

which has been the most commonly used descriptor about children's views of forces 

did not seem appropriate in the context of this study. The term misconception 

implies mistake or wrong. Such an implication devalues the correctness of the idea 

or belief as perceived by the child who has constructed the belief. It is argued in this 

study that because of the age and limited experience of the children that to apply the 

descriptor misconception or wrong to the children's answers which are quite correct 
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in the context of their own experience is misleading and paints quite a different 

picture to what exists. 

The description 'children's science' (Osborne and Freyberg 1989; Fensham 1991) 

was initially used to emphasise that children construct interpretations of their world 

in terms of their own experience, knowledge and language. Scientists construct 

interpretations in the same way (Fensham 1991; p.82). It can then be argued that the 

term 'children's science' emphasises both the similarity of the process of construction 

of meaning by children and the differences in the outcomes of that construction. The 

constructivists' theory is explained in detail in Chapter Two of this study. 

Fensham (1991) points out that this term can also have implications that are not 

reasonable. One implication is that the construction of alternative meanings are not 

the province of children alone, that is adults can hold on to explanations of the world 

which are quite different to the explanations of scientists (p.82). Evidence of this has 

also been cited in this thesis in Chapter Two. 

Another concern is that the term should not be interpreted as some watered down or 

different form of science for children, that is, an interpretation particular to suitable 

for children and not scientifically or socially acceptable as views accepted by 

scientists or adults. 

For the purposes of this study the interpretation that children's views are a reflection 

of their world in terms of their experience, knowledge and language is taken and 

applied in its most positive application. This defmition is used as a basis for the 

following examples of children's answers. 

When asked about what makes things go, examples of responses such as 'playing 

with it' 'tipping them up' 'throw it' 'you press buttons' indicated that the children were 
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relating the knowledge of how things move to their own experiences with toys and 

familiar equipment. Twenty five percent of the children used 'playing' in their 

response. 

It could be suggested that children would get little support from the adult world for 

such a view and so it could be concluded that these conceptions are predominately 

child - generated. As many of these words are 'action' words and are even alternative 

descriptive terms to 'push or pull' it could be argued that the children who responded 

in this way, from their own experience, simply lacked the scientific language to 

express what they knew. 

When asked about why things are hard to move some children used their own size as 

a reason for this. An example is, 'it's hard to move because I don't have big arms.' 

This view clearly reflects a personal approach taking into account what the child 

knows about moving things, and in context can be equally as relevant as a scientific 

view. 

When asked about riding a bike on the grass several children gave answers which 

reflected their own experience of having difficulty riding on grass because of the 

trainer wheels on their bicycles. Examples are 'the grass is not easier', 'you can't do 

it with trainer wheels', 'I've got trainer wheels and they won't go on the grass' and 

'some bikes can go on the grass, bikes with big wheels'. These examples could be 

said to support Piaget's position that children's preconceptions are influenced, 

primarily, by their own experiences and observations of the world. (Piaget 1930; 

Inagaki and Hatano 1987). 

The children also gave responses which appeared to be influenced by everyday 

language and information gained from stories and the media. A common answer to 

how easy is it to ride a bike in the mud included the word 'sticky' or the term 'you 
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will get stuck in the mud'. This is a fairly common incident in children's cartoons 

and story books. Reference to 'sticky' mud occurred in 42% of:the answers to this 

question. The view that shaking the tree or the wind blowing and the apples falling 

offialso reflects story lines and children's television plots. Many children who watch 

television are familiar with the term gravity and know that things fall downwards 

because of:the earth's gravity. For example, a re-occuring theme in children's 

cartoon shows is an object falling out of:the sky and crashing to earth with such force 

it makes a hole in the ground. Children recount these incidents with much 

enthusiasm. 

Sprod and Jones (1997) observed; 

children's most strongly supported ideas are those based on common 

experiences or expressions and the most strongly reinforced mode is the one 

that is adequate to make sense of these (p. 32). 

It could then be argued that many situations we find ourselves in ( experiential and 

social) are such that scientific explanations are not required to make sense of:them .. 

It is interesting to note that when the children were exploring forces at work it 

appeared to be important for them to see the relevance of:their own life. For 

example, when the children were interacting with furniture, see-saws and toys they 

were quite engrossed and appeared to be really keen in seeking answers to their 

questions. The most enthusiastic and focussed comments and behaviours were 

observed when the children were participating in very familiar activities. 

Young children hold views which could be considered animistic. 

In his early work on young children's thinking Piaget describe young children's 

thinking as animistic (Piaget 1929). Osborne and Freyberg (1989) argue that Piaget's 
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early work on animism, it's egocentrism and the relationship between language and 

thinking, is still very relevant to science teaching and learning (p.13). 

In a study on science education in early childhood Carr (1994) cites Inagaki and 

Hatana (1987) describing the tendency for young children to personify inanimate 

objects as early analogical thinking. 

Because children are so familiar with humans while necessarily being novices 

in most other domains, they may use their knowledge about human' s as the 

base domain for making analogical predictions of unknown attributes ofless 

familiar objects or their reactions in novel situations (p.32). 

It was interesting to note that this approach was present in some responses in this 

study. An example of this is when children were asked about the apples falling off 

the tree some of the replies were, 'apples fall because the wind pushes it off', and 

'because apples try to get off and they fall'. 

Scholium and Osborne (1989) in their study 'Relating the New to the Familiar' also 

suggest, 

children tend to view things from a self-centred point of view, they tend to 

endow inanimate objects with the characteristics of humans and other animals, 

and they tend to consider only those entities and constructs that follow directly 

from everyday experience (p.55). 

Although animistic views were only of minor significance in this study, it was 

considered important to mention this as it gives a more complete picture of the total 

responses. 
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It has been evidenced by the analysis of the data that children do hold views of the 

science concept forces. The emerging patterns in the responses indicated that: 

a) children were able to understand the concept and to formulate views which 

aligned with scientist's views. 

b) their views were embedded in their own experience. 

c) some animistic views were apparent. 

It can then be strongly argued that young children are able to grasp the science 

concept of forces which is relevant and part of their everyday experiences. They also 

appear to be able to apply this scientific knowledge in the context of their own 

experience. This is consistent with research which has shown that children come to 

science learning concepts with ideas that have been formed from their life 

experiences. This evidence in research is discussed in Chapter Two in this thesis. 

Therefore it is argued that the opportunity to be empowered with scientific 

language, confirmation of their own knowledge and participation in experiences 

which solidify and extend this knowledge is critical to the science education 

experience of young children. 

Q. 2 How do young children's ideas change as a result of being involved in an 
interactive teaching_prngram on forces? 

It has been reported that early childhood environments provide a natural context for 

science education (Fensham 1991). Children's natural curiosity about the world 

around them become a starting point for more in-depth exploration of the 

phenomena. However, although the area of early childhood science is becoming a 

topic for research and curriculum development, there stills appears to be an accepted 

curriculum content inherent in this input to this knowledge base. 
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Traditionally research has centred around middle primary and secondary science 

education with limited activity in early childhood. In Chapter Two it was 

demonstrated that most ofithe models available to early childhood practitioners have 

been supported by data derived from research into secondary and primary aged 

children, with only a few from the early childhood context. While these models were 

appropriate in the past for primary and secondary, current research is revealing that 

this method ofi adapting these strategies are not appropriate or effective in teaching 

science to very young children. 

In Chapter Four and Five it was demonstrated that these young children do hold 

views about the areas ofi science which are not commonly taught in a formal way in 

early childhood education. One ofithe models developed to take into account 

children's intuitive ideas that was considered suitable for early childhood (Kirkwood 

199t Fleer 1990) was an interactive approach to teaching science (Biddulph and 

Osborne 1984). This approach was developed for use with primary and secondary 

students, and while it offers a useful structure, research has indicated that it must be 

modified when implemented in early childhood (Fleer 1992). 

While an interactive approach to teaching science can be conducted in early 

childhood, it is only successful when the implementation is modified sufficiently to 

cater for the limited reading and writing abilities ofithe children and the limited 

language and social skills required for investigations. The age and learning context 

do influence the way in which science can be taught in early childhood. 

The data presented in this thesis indicated that children's ideas do change and 

consequently the following behaviours were noted: 

1) The children demonstrate the ability to question and investigate. 

2) The children use more descriptive language. 
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3) The children make use of scientific terms. 

These findings are consistent with other studies which have shown that young 

children are able to question and investigate a scientific concept (Fleer 1991 ~ Fleer 

1994~ Coulson and Smith 1994). These studies are discussed in detail in Chapter 

Two. 

Presented here are some specific examples of these patterns which emerged. 

1. The children demonstrate the ability J.Q_question and investigate. 

Example 1. 

When playing with dough the children experimented with soft and hard pushes 

-the effect was clearly seen by how deep the indent was in the dough. The 

children could describe and demonstrate the effects of their actions, for 

example, ' really soft pushing'. The children showed an awareness that the size 

and shape of the indent was a result of the force used in pushing the dough 

with a hand. 

Example 2. 

When presented with the problem of moving heavy things across the room the 

children began to formulate their own questions. 'Why are heavy things hard to 

move?', 'How can we change the box to make it easier to move?' 

The children showed initiative and problem solving by placing cylinder shaped 

blocks under the box, taking out some of the contents and using combined 

(several children) strength to push the box. 

Example 3. 

Another example of the children extending and contextualising their thinking 

was when they were investigating how to make a door open. The children 

self-initiated other investigations such as - 'Do all doors work the same way?' , 
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'What else needs a push to open?' and 'Which doors in the room need a pull to 

make them move?'. 

It was evident that in providing basic equipment and proposing an initial question the 

children were able to explore further. They demonstrated an ability to formulate 

'on-task' questions and they often used play as a method 0£ investigation. They were 

able to come to conclusions and to respond to their original question. This is 

consistent with the research which indicates that it is not only the views about 

science concepts that influence science learning but also the general life experiences. 

In this instance it is the very familiar life experience o£play in which the children 

participate. It is also interesting to note the important role 0£ social interaction which 

took place in these investigations. It was noted in Chapter Two in the discussion 0£ 

the process o£young children's cognitive development it was suggested that much 

learning occurs through social interaction with adults, teachers and peers and 

through the use otlanguage (Appleton 1997). 

2. The children use more descrip~ 

Example 1. 

The investigations which centred around friction were a good example otthe 

children's language becoming more descriptive and focussed. When trying to 

move the cardboard box vehicles they had made the children were very verbal 

about what was happening. Examples are, 'the car goes fast because it is 

smooth and not bumpy', 'this bus has to go slowly- a little push will do to 

make it move'. 
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Example 2. 

Group discussions were also very effective in giving the children opportunities 

to share their thoughts and ideas. They were always willing to talk to the large 

group and in discussion abou,t what do you know about pushes and pulls, all 

children came up with something different- see Chapter Four for transcript of 

this group discussion. 

Example 3. 

In contrasting the before interview answers with the post interview answers it 

was observed there was more focussed descriptive language in the post 

interview answers. This was found to be present in all children's responses. 

Examples of these responses to why things are hard to move: 

Child 1. From a prior answer of 'it could get stuck on the ground' to 'it can 

be very heavy, use the wheels to make it move'. 

Child 2. The prior answer of 'I don't know' to 'because they are heavy' . 

Child 3. From the prior answer of 'I don't know I think it might be big' to 

'because it's heavy and hard to move by itself'. 

Chapter Five gives these answers in detail. 

There was also a noted increase of quantity of language in the post responses. An 

increase of 50% of actual words used indicated more detail and use of descriptive 

language. For example, instead of using words such as 'dirty' or 'yukky' to describe 

mud, words which described the mud's surface, 'sticky'. The answer of 'I don't 

know' while occurring frequently in the prior responses was not offered at all by any 

child in the post interviews. 

There was a notable difference in the post interview responses to the prior interview 

responses. In the case studies detailed in Chapter Five, transcripts of language used 
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are explicit. The table of the children's responses also included in Chapter Five gives 

details of how the language developed towards more scientifically accepted views. 

It is also interesting to note the responses given during the teaching sequence which 

are detailed in Chapter Four. The investigations of pushes and pulls and friction 

which were the most relevant to the children's experiences provide rich language 

and so indicate the level of the children's involvement. It has been suggested in 

research of young children's experiences in learning about science concepts that in 

science education there should be the aim for some children to develop a more 

scientific perspective. It has also been suggested that an important role of the 

facilitator is to help children clarify their ideas and re-label these ideas using 

scientific terms (Osborne 1985). 

3. The children use scientific terms. 

Example 1. Pushes and Pulls. 

Pushes and Pulls are regarded as a scientific definition of a force. The children 

used the terms pushes and pulls both in pre interviews and post interviews as 

well as during the teaching sequence. See detailed transcripts in Chapters Four 

and Five . An increase was noted in the number of children who used this in 

the post interviews and towards the latter part of the teaching sequence. 

Example 2. Inertia. 

A scientific view of inertia is that it caused objects to resist the action of forces 

- or 'things keep doing what they were doing' Children's answers that aligned 

with this were "things won't move by themselves'. 
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Example 3. Gravity. 

Gravity is the force which attracts objects to the earth and that gives objects 

their weight. Only one child used the term 'gravity' in the pre interviews and 

could give a definition for this term ' it's like air , you cannot see it'. 

Some of the post responses when asked what gravity was were; 

' it makes it hard to go up', 

'that's what keeps you down', 

'it is stopping us floating in space', 

'it makes it go down', 

'it's the reason things stay down'. 

These are examples of appropriate scientific language to describe gravity. 

In the post interviews when describing why things were hard to move, several 

children used terms which suggested it was the weight (mass) of the object 

which was making it hard to move. This is also aligned with scientists' 

thinking. 

Example 4. Friction. 

Friction stops or slows down an object moving across or through another 

surface. Transcripts of children's views of friction are included in both the case 

studies and tables of other children's views in chapters Four and Five. 

Quite a few of the children's responses aligned with scientific explanations. 

Examples are; 

' friction can make things roll slower', 

'the bike goes best on the path because it is smooth', 

'it's hard to move on the grass because it is too soft and bumpy', 

'it's smooth and rough and it can make toys go fast or slow'. 
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For the purposes of this study 'using scientific terms' were defined as 'giving 

answers which were aligned with answers of scientists'. It can been seen from the 

above examples that there were many instances of scientifically aligned answers 

both in pre and post interview responses as during the interactive teaching process. It 

can be seen that children do have views about forces which align with scientists' 

views before any formal teaching takes place, as discussed at length in the literature 

(Driver, Guesne and Tiberghien 1985; Bloom 1990; Carr 1994). 

Summary 

Children's responses demonstrate that preschool children may well have a strong 

base of accurate scientific knowledge on which early years physics teaching may 

build. It was also evidenced that many responses were a result of children's own 

experiences. Children do construct and modify concepts about forces along with 

associated meaning. This is clearly shown in the richness of the responses given by 

young children which reflected their own immediate experience, limited though it is 

(Scholium and Osborne 1989; Donaldson 1984; Osborne and Freyberg 1989). It was 

assumed that what children say will reflect their thinking. The data was examined to 

find out if young children's views changed after participating in an interactive 

teaching program on forces. It was shown that change in children's views was 

evident in the use of higher level language and scientific terms and more descriptive 

responses and developing of questioning and investigation skills. 

Analysis of data revealed that the children's display of knowledge clearly showed a 

wide variety of associations to different types of information, beliefs, emotions and 

aesthetics. This is consistent with research literature, for example, Bloom's typology 

discussed in detail in Chapter Two. As well as responses which aligned with 

scientists' views and reflected children's experience base, other answers are 
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obviously much further removed from scientific accuracy. These are considered 

valuable nevertheless as they provide insights into levels of children's thinking. 

Data analysis, as presented in this chapter, provides helpful insights into the links 

between early years scientific knowledge and development of understanding about 

forces. Without doubt it reinforces the crucial importance of the need to pay close 

attention to progression of understanding when planning science education for young 

children. 



Introduction. 

140 

Chapter Seven 

Conclusion 

The study provides details oil children's knowledge and understanding about pushes 

and pulls, friction and gravity. Included in this data are examples ofaheir scientific 

iknowledge, gaps in their thinking and their alternative views. Such details provide 

substantial insight into the development oubasic scientific concepts upon which 

early years teaching may build. 

In concluding this study it became apparent that there are positives and negatives 

involved in teaching forces to young children. A brieu description ofahese findings 

will follow. 

Significance outhe Study 

This study examined two aspects ouyoung children's understandings about forces. 

First, it documented what views young children hold about forces before formal 

teaching occurs. It was found that young children do hold views some oil which align 

with scientists' views. It became clear from the children's responses that they had 

experienced the effects oil forces in their everyday lives but in most cases did not 

have the appropriate language to describe it. It was evident that the children could 

relate forces to their everyday experiences. 

Second, the study sought to find out how young children's views change after an 

interactive teaching program on forces. It was found that young children are able to 

'fine-tune' their ideas and acquire scientific terms and descriptive terms to describe 

the effects oil everyday forces. 
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It became clear in this study that the science concept forces is relevant to the child's 

everyday experiences. This is significant in that forces are not formally taught to 

children of this age (4-5 years) on the assumption that they are not able to grasp the 

concept. 

The data from this study provided significant confirmation of the hypothesis that pre 

school children do indeed know a great deal about force and it's effect on the 

physical world they are experiencing prior to the influence of formal school 

programs. 

Limitations of the Study 

As this study is one which is not usually taught or researched in the area of early 

childhood, it was not possible to make comparisons or links with other studies in this 

area. The research which involved much older students (12 years plus) and adults 

were considered of little value in using the assumptions and conclusions for the 

present study. It is then proposed that this contribution consists of original and new 

data and not supported by other research. The studies of older children used question 

and answer techniques which require a high level of literacy. This research placed 

emphasis on right or wrong answers. These and other factors as discussed in Chapter 

Two were thought to make the models used inappropriate in this study of young 

children. 

Although the sample size was small, the case examples were supported by audio data 

and work samples which provided a clearer understanding of what ideas the children 

were developing. This was important for the comparison which was done between 

pre and post tests. Whilst the limitation of the sample is acknowledged, the data was 
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consistent with the pilot study and does add to the overall understandings of 

children's knowledge about forces. It is proposed that this study provides useful data 

for framing further research into this area. 

Implications of the Study 

The study sought to achieve a more complete account of young children's 

understanding of forces than has previously been attempted. As it is usual to begin 

teaching forces at a much older age, this study sought to challenge the view that 

young children cannot develop understandings about forces. 

Research has shown that development of ideas does not leap from the complete 

absence of knowledge to a fully matured acquisition of knowledge (Deloache and 

Brown 1990). This study has shown that children do come to pre school and early 

childhood classrooms with ideas and interpretations concerning forces even when 

they have received no systematic instruction in this subject. 

Through a selective literature review and data obtained for this study it is sought to 

demonstrate that young children's learning and problem solving consists of 

progressive active experimentation and observation starting at an early age. It can be 

argued that children are in the process of forming opinions about how their world 

works and why things happen. The early childhood educator is in a critical position 

to facilitate the development of scientific understandings and to guide young 

children towards better understanding of their world. 

It is then permissible to assume that an important factor influencing the provision of 

science based experiences in the early childhood program are the beliefs that 
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professionals (teachers and researchers) have about how young children construct 

meaning about science concepts. 

Teachers' assumptions about how children learn science either limit or expand the 

opportunities offered for this development. These beliefs will directly influence the 

philosophy ofi the early childhood program and its educational focus. 

Conclusion. 

This thesis has shown that young children aged four and five have already 

established views about forces. As this is an area rarely taught to children under eight 

years ofi age these findings have significance for curriculum planning and teaching 

practice for early childhood science education. 

Interactive teaching is recommended as a suitable strategy for young children with 

the emphasis on the active involvement ofi children in their own learning, building on 

students' experiences and interests, linking scientific theory to practice and fostering 

communication and cooperative learning. 

There are an array ofi studies which have examined how best to teach young children 

science (see Appleton 1997). The teaching ofiforces is especially relevant to the 

children's contextual setting. In an early childhood classroom it is not necessary to 

bring in special equipment to explore the laws ofi pushes, pulls, inertia, motion and 

gravity. It is only necessary to heighten awareness ofiexisting activities and 

equipment to provide scientific information and language to complement the child's 

learning experiences. 

It is therefore proposed that the insights obtained in this study can influence 

curriculum development and classroom practice in the area ofiteaching children 
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about forces. Therefore it is strongly argued that forces should be taught to young 

children as a base for an ongoing curriculum. This would result in a more confident 

and assured knowledge for older students, rather than the uncertainty and disinterest 

in physics which exists as indicated by current research. 

This thesis has shown that young children can learn about the science concept force 

and the relevance to their own experience. The findings ofithe study provide only a 

beginning point to understanding scientific conceptual development in young 

children. 
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