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ABSTRACT 

The rationale for the research undertaken for this thesis originated from the current 

reform of primary science curricula in China and Australia. China plans to change the 

curriculum to better reflect hands-on and inquiry-based models and make science 

education available to lower primary children in kindergarten to Year 2. Australia has a 

new national curriculum which will be implemented with children from kindergarten to 

Year 10 across the country from 2012. The different approaches to primary science 

curricula in China and Australia presented a unique contextual opportunity to 

investigate primary children’s conceptual understandings of science and the impact the 

approach to curriculum has on their understandings. The rationale for the research was 

that through comparisons, approaches to primary science in both countries could be 

better understood, informed and improved. Further, our general understandings of 

primary science curriculum and children’s conceptual understanding of science could be 

enhanced. 

Due to the vast size of both China and Australia and the resources available for this 

doctoral research, the research design was a multiple comparative case study. The data 

were collected through mixed methods, including an initial science quiz and an in-depth 

interview. The Chinese participants were 135 Year 3 children (mean age = 8.0) and 140 

Year 6 children (mean age = 12.1) from three schools with high, medium and low 

socioeconomic status in Hunan Province, central south China. The Australian 

participants were 120 Year 3 children (mean age = 8.4) and 105 Year 6 children (mean 

age = 11.5) from three schools with similar socioeconomic status in Western Australia. 

A total of 74 children participated in the in-depth interviews including 18 Chinese and 

18 Australian Year 3 children, and 20 Chinese and 18 Australian Year 6 children. 

The comparison between the Year 3 children revealed that children from schools 

with similar socioeconomic status in the two countries had similar conceptual 

understandings of life science, earth science and physical science. In both countries, the 

higher the socioeconomic status of the school, the better the children performed on the 

science quiz and in-depth interviews. The comparison between the Year 6 children 

showed that children from the schools with high socioeconomic status in China and 

Australia demonstrated similar profiles in their understandings of science. Divergence 

in children’s performance on the science quiz and interviews was evident between the 

Chinese and Australian medium and low socioeconomic schools. The comparison 
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between the teaching of science in Year 6 classrooms indicated that students in the 

higher socioeconomic schools had better qualified teachers, better facilities and were 

involved in more inquiry and other sophisticated learning activities compared with 

students in the lower socioeconomic schools. This difference between high and low 

socioeconomic schools was more apparent in China. Cross-cultural and cross-sectional 

studies of participating children’s conceptual understandings of the Earth and living 

things identified universalities and cultural mediation in children’s understanding, as 

well as evidence for framework theories and fragmented knowledge in these two 

domains.  

The implications of this research for primary science education in China and 

Australia are important. First, the lower primary children in China should be included in 

the primary science curriculum, as it is possible that the lack of early childhood science 

education placed the participating children from case study schools with medium and 

low socioeconomic status at a disadvantage in their science learning. Second, more 

importance should be attached to primary science education in low socioeconomic 

schools in both countries. Qualified science teachers and adequate teaching resources 

should be allocated to low socioeconomic schools to provide children with better and 

richer science learning experiences, thus promoting equity and quality in primary 

science education. Third, classroom instruction and teaching in both countries should 

provide opportunities for gradual adjustment in children’s conceptions from the naïve, 

non-scientific understandings to successively more complicated and scientific levels of 

understanding. 
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Chapter One  

Research Aim and Context 

Introduction 

The research presented in this thesis is about primary science education in The People’s 

Republic of China (henceforth referred to as China) and Australia. The thesis is 

presented as five academic papers in Chapters Three to Seven with a pilot study 

presented in Chapter Two and a synthesis in Chapter Eight. Each chapter provides 

unique and rigorous, but converging perspectives on the overarching aim of the research: 

to explore the impact that the current approaches to primary science curricula in China 

and Australia have on children’s conceptual understanding of science. This first chapter 

elaborates the importance of science education, the rationale and aim of the research and 

provides contextual information about the geography and relevant educational policies, 

underpinning philosophies and curricula of the two countries of China and Australia. 

The research questions are then presented followed by a big picture description of the 

research design and methodology. Finally, a brief overview of the structure and content 

of the thesis is presented. 

The Importance of Primary Science Education 

A fundamental assumption underpinning the research reported in this thesis is that 

primary science education is of critical importance to individual children and to society 

as a whole. Rapid advancement in science and technology in recent years has had a 

profound impact on all levels of society. In addition, economic productivity is tightly 

linked to the scientific and technological skills of the workforce. As a consequence, 

preparing children and young people to actively participate in the fast changing society 

and securing and improving the quality of the personnel needed to work in the science 
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and technology-based global market is a priority of the education policy of the world’s 

leading economies (e.g. Ministry of Education Culture Sports Science and Technology 

[Japan], 2006; National Research Council [USA], 1996; Osborne & Dillon, 2008 

[Europe]). In a White Paper on Science and Technology 2006, the Japanese government 

clearly stated that “it is necessary to proceed with measures to increase interest in 

science and technology among children from the elementary and lower secondary stages 

of education, and to provide means to expand the individuality and abilities of talented 

children” (Ministry of Education Culture Sports Science and Technology [Japan], 2006 

[Part 1, 1.1.2.2, para. 31]). The U.S government claimed in the National Science 

Education Standards that “all of us have a stake, as individuals and as a society, in 

scientific literacy…A sound grounding in science strengthens many of the skills that 

people use every day, like solving problems creatively, thinking critically, working 

cooperatively in teams, using technology effectively, and valuing life-long learning” 

(National Research Council [USA], 1996, p. IX).  

In his State of the Union Speech on January 25th 2011, President Obama explained 

how, after the Soviets launched Sputnik, the first satellite into space, the USA used 

improvements in education and science, to beat them to land on the Moon.  

The science wasn’t even there yet. NASA didn’t exist. But after investing 

in better research and education, we didn’t just surpass the Soviets; we 

unleashed a wave of innovation that created new industries and millions of 

new jobs (ABC News, 2011, p. 3). 

President Obama commented on the importance of science education to the 

economy of developing countries, “Meanwhile, nations like China and India realised 

that with some change of their own, they could compete in this new world. And so they 

started educating their children earlier and longer, with greater emphasis on math and 

science” (ABC News, 2011, p. 2). Further, President Obama noted the importance of 

education to the recovery of the US economy from the current global financial crisis, 
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“And now it’s our turn. We know what it takes to compete for the jobs and industries of 

our time. We need to out-innovate, out-educate and out-build the rest of the world” 

(ABC News, 2011, p. 3). 

In recent years, however, school students in developed countries are showing signs 

of disinterest and disengagement in science and technology-based subjects and the 

numbers of young people choosing to pursue the study of science and selecting a 

science career in the post-compulsory years of school is declining (Ministry of 

Education Culture Sports Science and Technology [Japan], 2006; Osborne & Dillon, 

2008 [Europe]; Universities Australia, 2012). A question that has emerged is: At what 

age is it best to engage young people with science? A growing body of recent research 

has shown that most students develop their interest in and attitudes towards school 

science before the age of 14 (e.g. Bennett & Hogarth, 2009; Osborne, Simon, & Collins, 

2003). Researchers and policy makers suggest, therefore, that much greater effort 

should be invested in ensuring that the quality of science education before this age is of 

the highest standard and that the opportunities to engage with science, both in and out of 

school, are varied and stimulating (Osborne & Dillon, 2008).  

The primary school years are the most important phase in a child’s education, as 

they lay the foundation for future, lifelong learning. It is a crucial stage in each child’s 

formative development and will shape the child into a learner, thinker and a social being. 

It is also the time when a child is most inquisitive (Ministry of Education [Singapore], 

2008). In his Science Literacy in Primary Schools and Pre-schools, Eshach (2006, pp. 

6-18) provided six justifications for engaging young children in science: 

(1) Children naturally enjoy observing and thinking about nature; 

(2) Engaging children in science develops positive attitudes 

towards science; 

(3) Early exposure to scientific phenomena leads to better 

understanding of the scientific concepts studied later in a formal way; 
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(4) The use of scientifically informed language at an early age 

influences the eventual development of scientific concepts; 

(5) Children can understand scientific concepts and reason 

scientifically; and, 

(6) Science is an effective means for developing scientific patterns 

of thinking. 

Most importantly, a quality science education will contribute to equity by enabling 

children from all kinds of backgrounds to live a better life by being able to critically and 

rationally assess science and technology-based knowledge and information and to make 

personal and social decisions in informed and rational ways (Sadler, Barab, & Scott, 

2007).  

The Status of Science Education in China and Australia 

While the importance of science education has been argued in the previous section, it is 

evident from the literature that there are considerable problems with science education 

in both China and Australia. Little is currently known in western, developed nations 

about the educational attainment of Chinese students in science due to mainland China’s 

previous lack of participation in international comparative tests such as PISA 

(Programme for International Student Assessment) and TIMSS (Trends in Mathematics 

and Science Studies). Shanghai-China and Hong Kong-China recently participated in 

PISA 2009 where these educational jurisdictions performed first and third best in the 

ranking of 34 participating Organisation for Economic and Co-operation and 

Development (OECD) countries on scientific literacy. Shanghai-China (575 score 

points) and Hong Kong-China’s (549 score points) 15 year old students achieved, on 

average, significantly higher than Australian 15 year olds (527 score points) and the 

OECD average (501 score points) (Thomson, de Bortoli, Nicholas, Hillman, & Buckley, 

2011).  
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Shanghai-China’s performance on China’s debut in the PISA 2009 tests stunned 

educators around the world (Dillon, 2010). It has been acknowledged by officials 

administering the test that the results from Shanghai are not representative of the whole 

of China (Dillon, 2010). Shanghai is an industrial powerhouse that is said to attract 

many of the best students in the country. The outstanding results from Shanghai, 

however, were acknowledged as a sign of China’s rapid modernisation and also an 

indication of what China could achieve in years to come (Dillon, 2010). A report based 

on these results and produced by the Grattan Institute, an independent think-tank 

focussed on Australian public policy, claimed that today’s centre of high performance in 

school education is East Asia, in particular, the education systems of Hong Kong, Korea, 

Shanghai and Singapore (Jensen, Hunter, Sonnemann, & Burns, 2012). The report 

argues that there is considerable scope for Australia to learn from these school systems 

to improve education, particularly in science and mathematics. 

While Shanghai-China performed in an outstanding way in PISA 2009, other 

research shows substantial disparities between urban and rural areas, and between 

coastal regions and other regions in school spending in both primary and lower 

secondary schools in China (Tsang & Ding, 2005). Further, the gap between China’s 

urban and rural children’s educational attainment has been shown to be the dominant 

component in educational inequality (Qian & Smyth, 2005). This research indicates that 

while Shanghai and Hong Kong schools have been able to achieve remarkable results 

that top the world in rankings in science achievement, there is a vast population of 

children in schools in rural regions and in the middle and western provinces of China 

whose science education may be far from desirable.  

In Australia there have been a series of reports that confirm a “crisis” (Tytler, 2007, 

p. 1) in this country revolving around poor student attitudes toward school science and 

falling proportions of students selecting post-compulsory science subjects and science-
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based career pathways (Lyons & Quinn, 2010; Universities Australia, 2012). As 

indicated in the previous section, these factors indicate a looming problem of a lack of 

qualified people in the educational pipeline to undertake science related occupations in 

the future and also a problem of citizens whose scientific literacy will be inadequate for 

the way that human beings will live in the future (Tytler, 2007). Much of the problem 

has been attributed to “seemingly deep seated disenchantment with aspects of the 

science curriculum and pedagogy in Australia” (Tytler, 2007, p. 2). 

While Australia has tended to perform well on international tests in science, like 

China, there also are strong indications of problems with regard to equity in science 

education. Trends in Mathematics and Science Study (TIMSS), a series of international 

studies in mathematics and science conducted under the aegis of the International 

Association for the Evaluation of Educational Achievement (IEA) for example, used 

three broad categories of metropolitan, provincial and remote for participating schools 

(Martin, Mullis, & Foy, 2008b). In the 2007 round of testing, the gaps between those 

students in remote schools and those in other schools in Australia was particularly large 

with 28 percent of Year 4 students in remote schools not achieving the lowest 

international benchmark for science achievement and a further 25 percent only 

achieving the lowest international benchmark (Thomson, Wernert, Underwood, & 

Nicholas, 2008). In contrast, nine percent of students from provincial and five percent of 

students from metropolitan schools were performing at a level below the low 

international benchmark (Thomson, et al., 2008). 

The Programme for International Student Assessment (PISA), last conducted in 

2009, showed that 15 year old Australian students attending metropolitan schools 

performed at a significantly higher level in scientific literacy (532 score points) than 

students from schools in provincial schools (515 score points), who, in turn, performed 

at a significantly higher level than students attending schools in remote areas (479 score 
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points) (Thomson, et al., 2011). The difference between metropolitan and provincial 

students (53 score points) is almost equivalent to one-and-half years of schooling. The 

difference between provincial and remote students (36 score points) is about one year of 

schooling. 

Research Rationale 

The rationale for the research presented in this doctoral thesis is grounded in three 

related ideas. First, as elaborated above, science education is of critical importance to 

the physical, social and economic wellbeing of individual people and society as a whole, 

particularly given our rapidly developing global world. The second related idea is that, 

as a consequence, quality science education is a priority for educational policy making 

in all countries, including China and Australia. This idea is supported by current reform 

agendas for improving the national primary science curricula in China (Wei, 2008a) and 

Australia (Australian Curriculum Assessment and Reporting Authority, 2011). China 

plans to change the approach to science education from the current transmission styles 

of teaching and a focus on observation and recipe style experiments to better reflect the 

hands-on and inquiry-based approaches of other, particularly western, nations. There is 

also growing enthusiasm in China to introduce science education in early childhood 

where there is currently no formal science curriculum from kindergarten to Year 2 

(Chen, 2004a, 2004b; Wei, 2008a, 2008b). The first national Australian Curriculum for 

kindergarten to Year 10, being implemented from 2012, was planned to promote equity 

and excellence in education by improving students’ scientific literacy, better engaging 

all students in their science learning and improving their attitudes towards science 

(Ministerial Council on Education Employment Training and Youth Affairs, 2008).  

The third idea underpinning the rationale for this research is that comparative, cross 

national research in education provides opportunities for collaboration, comparison and 

reflection; all of which can lead to improved teaching and learning and improved 
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educational outcomes (J. F. Cai & Lester, 2007). Given the impending curriculum 

changes for primary science education in China and Australia, an in-depth investigation 

and comparison of the impact of current approaches to primary science education in the 

two nations was considered to be timely and important. 

Research Aim 

The aim of the research presented in this doctoral thesis was to explore the impact that 

the current approaches to primary science curricula in China and Australia have on 

children’s conceptual understanding of science. Part of this aim was to provide 

explanations for any cultural similarities and differences in children’s conceptual 

understanding of science, and similarities and differences in conceptual understanding 

of children from schools of varying socioeconomic status, thus informing Chinese and 

Australian science education policy makers and practitioners about the outcomes of 

current practice and to make research-informed recommendations for improvement. The 

aim of the research is represented in Figure 1.1. 

Appleton (2007) noted that in primary science education “official curriculum 

documents issued by education systems tend to assume a ‘one size fits all’ policy” (p. 

501), that little research into primary science has been conducted to inform and shape 

policy, and argued for more research into science education in the early years. 
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accepted scientific explanations and, most significantly, because they serve a useful 

function in everyday life” (p. 75). Scott, Asoko, and Leach (2007) explained that 

conceptual understanding results when concepts are ‘‘accumulated, gradually refined, 

and combined to form ever richer cognitive structures’’ (p. 35). For students to have 

conceptual understanding, the new knowledge must make sense to the learner in terms 

of their existing knowledge and they must voluntarily choose to incorporate the new 

knowledge in a logical, integrated manner (Scott et al., 2007).The Trends in 

International Mathematics and Science Study (TIMSS) 2003 Science Framework listed 

three cognitive domains in parallel with content domains: factual knowledge, 

conceptual understanding, and reasoning and analysis. According to the Science 

Framework, “the development of scientific understanding and reasoning builds on 

previous knowledge, expanding and revising the knowledge base as it progresses. It 

requires the ability to determine how facts and concepts are related to each other”   

(Mullis et al., 2003, p. 61). Conceptual understanding in science was defined as “having 

a grasp of the relationships that explain the behaviour of the physical world and relating 

the observable to more abstract or more general scientific concepts. It increases in 

sophistication as students progress through school and develop cognitively, and the 

evidence of understanding will vary across grades. Conceptual understanding is not 

something that will be measured directly. Rather, students must show evidence of it 

through its use and application in performing specific tasks appropriate for each grade 

level” (p. 64). Measuring conceptual understanding “requires students to extract and use 

scientific information use and apply their understanding of science concepts and 

principles to find solutions and develop explanations” (Mullis, et al., 2003, p. 64). Table 

1.1 displays the aspects involved in conceptual understanding and their demonstrations 

provided by TIMSS 2003 Science Framework (p. 64).  
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Table 1.1 Aspects Involved in Conceptual Understanding and Their Demonstrations 

Aspects of Conceptual 

Understanding 

Demonstrations 

Illustrate with examples Support or clarify statements of facts/concepts with appropriate 

examples; identify or provide specific examples to illustrate 

knowledge of general concepts. 

Compare/Contrast/Classify Identify or describe similarities and differences between groups of 

organisms; distinguish, classify or order individual objects, 

materials, organisms and processes based on characteristics and 

properties. 

Represent/Model Use/draw diagrams and/or models to demonstrate understanding 

of science concepts, structures, relationships, processes and 

biological/physical systems and cycles. 

Relate Relate knowledge of underlying biological and physical concepts 

to the observed or inferred properties/behaviours/uses of objects, 

organisms and materials. 

Extract/Apply information Identify/extract/apply relevant textual, tabular or graphical 

information in light of science concepts/principles. 

 

Comparative Studies in Science Education 

According to Zhao et al. (2008), comparative educational studies provide educators with 

opportunities to situate the teaching and learning of science in a wider cultural context 

and to reflect on the theories and practices of teaching and learning in particular 

countries. Cai and Lester (2007) claimed that the special contribution of cross-national 

studies to the development of international perspectives can be seen in various ways. 

For example, cross-national studies involve collaboration of researchers from different 

nations and the cultural and social dimensions of education revealed by cross-national 

studies cannot be ascertained by other research methods. Cross-national studies provide 

educators with opportunities to identify effective ways of teaching and learning in a 

wider cultural context. Examination of what is happening in the learning of science in 
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other societies helps researchers and educators understand how science is taught by 

teachers and is learned and performed by students in different cultures. In their cross-

cultural studies of mathematics teaching and learning, Stigler and Perry strongly 

supported this approach by saying that “without comparison, we tend not to question 

our own traditional teaching practices and we may not even be aware of choices we 

have made in constructing the educational process” (1988, p. 199). 

The literature of comparative research in science education across cultures provides 

two well-known examples, the Trends in International Mathematics and Science Study 

(TIMSS) by the International Association for the Evaluation of Educational 

Achievement (IEA) and the Programme for International Student Assessment (PISA) by 

the Organization for Economic Co-operation and Development (OECD). TIMSS 

assesses every four years the mathematics and science achievement of fourth and eighth 

grade students worldwide (http://timss.bc.edu/index.html). PISA assesses every three 

years how far students near the end of compulsory education in Year 10 have acquired 

some of the knowledge and skills in the domains of reading, mathematics and science 

(http://www.pisa.oecd.org). These two large scale assessments, administered in more 

than 60 countries and economies, profile students’ level of achievement, inform policy 

direction and provide feedback to inform teaching and learning practices. The TIMSS 

video studies revealed differences in the classroom instructions and teaching patterns 

between Asian countries and western countries (Aun, Riley, Atputhasamy, & 

Subramaniam, 2006; Givvin, Hiebert, Jacobs, Hollingsworth, & Gallimore, 2005; 

House, 2005; Leung, 2005; Linn, Lewis, Tsuchida, & Songer, 2000). Results obtained 

from PISA indicated that students’ learning outcomes and school science teaching vary 

significantly both between countries and within countries, and school’s socioeconomic 

status, time spent on science and science teaching experienced by students had an 
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impact on their science literacy (OECD, 2004, 2005; Perry & McConney, 2010a; 

Woods-McConney, Oliver, McConney, Maor, & Schibeci, in press). 

Regardless of the value of these studies, however, some researchers critically 

evaluated the results of the assessment and raised issues of concern. These issues 

include little interest in the results at individual student level and further limitations in 

cross-sectional studies (Wu, 2009). Others mentioned that large scale assessments have 

two main functions, “describing” and “understanding” rather than explaining (Robitaille, 

1993, p. 25). The contextual information collected by TIMSS has not yet been used 

intensively to understand similarities and differences in student achievement across 

countries and few studies have been conducted to find explanations for cross-national 

differences in student achievement in mathematics and science (Martin, Mullis, Gregory, 

Hoyle, & Shen, 2000; Zuzovsky & Aitkin, 2000). According to Fensham (2007), “both 

TIMSS and PISA… achieved very little in providing insights to educational authorities, 

schools, and teachers about the factors and conditions that foster better quality science 

learning or scientific literacy…the reports of these two projects give very little sense of 

what the students are experiencing day by day with their teachers in the science 

classrooms, and how this can be improved” (Fensham, 2007, p. 168). The aim of this 

research directly addresses these concerns by pursuing an in-depth cross national, 

comparative investigation in China and Australia of children’s conceptual 

understanding of science. 

Significance of the Research 

The significance of this research is that it addresses the things that Fensham (2007) 

claims the large multi-national tests such as PISA and TIMSS fail to do. This research 

provides considerable insight to the educational authorities of both China and Australia, 

as well as schools and teachers, into the factors and conditions that bring about better 

conceptual understanding of science for primary school children. This is additionally 
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significant because of the pending curriculum reform agendas in both countries. By 

comparing the different curricular approaches in China and Australia, the research 

provides insight into whether having a formal primary science curriculum in the early 

years of schooling in China is something the Chinese government should invest in. As 

Appleton (2007, p. 495) explained, “[a]n overriding tradition is that elementary 

schooling’s major priorities are literacy and numeracy, with other subjects taking 

second place”. “That elementary teachers tend to avoid science” (p. 496) can be 

attributed to limited science content knowledge, limited science pedagogical knowledge 

and low confidence in their ability to teach science (Appleton, 2007). Given these 

factors, implementing a formal science curriculum in the early years of schooling in 

China is an expensive option because it will require considerable re-training and/or 

professional learning of primary school teachers who may not be partial to participation. 

This research is significant because it gives insight into the outcomes and importance of 

primary science education that will inform Chinese policy makers as they consider 

different options to address this conundrum. 

This research is significant because it provides insight into the pedagogical 

practices in primary school science lessons in two countries with very different cultures 

and different traditions in education, but countries with education systems that are 

increasingly being driven by global forces for science education reform (C.-J. Guo, 

2007). The research examines the teaching and learning practices of six primary school 

teachers of science, three in each county, and juxtaposes those practices with their 

students’ perceptions of the classroom teaching and learning practices they participate 

in when learning science. This information is aligned with the students’ quantitative 

achievement and their qualitative understandings to provide a window into how 

different teaching practices impact on children’s conceptual understanding of science. 
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This research is significant because it adds to our theoretical understanding of how 

young children learn about important concepts in science. The research provides in-

depth examination of how young children in two different educational and cultural 

contexts learn about the concept of the Earth and how they learn about the concept of 

living things. The research adds to our knowledge about whether learning science is 

about children developing framework theories, or whether learning in science is about 

children adding fragmented pieces of knowledge in an ad hoc manner to disorganised 

mental structures. The research is additionally significant because the cross national 

nature of the research design provides insight into the degree to which conceptual 

development in science is universal across cultures and learning contexts and the degree 

to which there is cultural mediation of conceptual learning in science.  

The research reported in this thesis is the first multiple comparative case study of 

primary children’s understandings of science between China and Australia. Due to the 

relatively few comparative empirical studies conducted with regard to primary 

children’s conceptual understandings of science (Appleton, 2007), this study makes a 

considerable contribution to the knowledge base in primary science education. The 

findings of this study provide timely information about primary science education 

particularly for educational authorities and teachers in China and Australia but also 

internationally. 

Research Context 

“Understanding the context of schooling is an essential starting point for making sense 

of research in elementary science” (Appleton, 2007, p. 495). Accordingly, this section 

presents background information about the research context, that is, an introduction to 

the educational jurisdictions in which the case studies were conducted, Hunan Province, 

central south China and the State of Western Australia, Australia. 
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four ancient Chinese academies, Yue Lu Academy and Shi Gu Academy, were 

established in Hunan.  

Situated in the southern hemisphere, the State of Western Australia (WA) is the 

largest state in Australia (Figure 1.2). Western Australia covers a land area of over 2.5 

million square kilometres (one third of Australia’s total landmass), but has only 2.3 

million inhabitants, almost 75 percent (1.5 million) of whom live in Perth. Similar to 

Hunan, WA has abundant resources in iron ore, nickel, aluminium, gold and natural gas. 

Approximately 29.3 percent of the people living in WA were born overseas, 12.4 

percent speak a language other than English at home and 53.2 percent have post school 

qualifications (Australian Bureau of Statistics, 2011). 

Overview of Education Systems in Hunan Province and Western Australia 

The Hunan Provincial government has placed developing education as a major priority 

in accordance with the national strategy of revitalisation through science and education. 

By the end of 2007, compulsory nine-year education had been realised in almost all 

cities and towns. In 2010, there were 12,692 primary schools in Hunan province and the 

population of primary school children was 4.8 million. The enrolment rate of school-age 

children was 99.92 percent (The Department of Education of Hunan Province, 2011).  

Pre-primary education in Hunan is available for three to five year-old children in 

kindergartens. Primary education is for children from six to eleven years of age. 

Primary schools are usually run by local education authorities and offer free tuition. 

There are a few private schools owned by enterprises and individuals. At the lower 

primary level (Year 1 and Year 2) children learn morality, Chinese language, 

mathematics, music, art and physical education. At the upper primary level (from Year 

3 to Year 6), science, English and information technology are added to these subjects. 

Secondary education is for children from 12 to 17 years of age. Secondary schools are 

run by local government and various business entities. The government-run secondary 
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schools offer three years of junior secondary school and another three years of senior 

secondary school. After graduation from junior secondary schools, students can go on to 

senior secondary schools or move to vocational high schools according to their 

academic performance in the provincial graduation examination. In China, all schools 

including primary and secondary schools, colleges and universities have two semesters, 

the first from September to January, and the second from February or March, depending 

on the date of Chinese New Year of that year, to July. 

In Year 7, students learn Chinese language, mathematics, English, history, music, 

art, physical education, politics and biology. From Year 8 on, chemistry and physics are 

added to the subjects. At the end of senior secondary school, students take the national 

tertiary entrance examination in order to enter a university or college. This national 

examination takes place in June annually and is now open to people of all ages. 

Selection is based on each student’s performance in the examination. Due to the large 

number of people sitting this exam, getting into university is highly competitive. 

In Australia, the states and territories are each responsible for their own educational 

administrations, although the overall structures are similar. Education is compulsory 

from ages six to 16, with several states recently extending the age of compulsory 

learning beyond these ages (Thomson, Ainley, & Nicholas, 2007). Children generally 

attend preschool or kindergarten part-time for one or two years before starting school. 

Most children start primary school in Year 1 at age five and continue to Year 6 or Year 

7, thus completing primary school at the age of 11 or 12. Secondary education is 

provided for either five or six years, depending on the length of primary education in 

the state. The first two years of secondary school typically consist of a general program 

including English, mathematics, science, social science and physical education. In 

subsequent years, a basic core of subjects is supplemented with optional subjects. In the 

final two years of secondary school, students have the opportunity to specialise and a 
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range of elective courses are provided. School education in Western Australia (WA) is 

the overall responsibility of the Western Australia Department of Education and 

Training. School education in Western Australia is a total of 13 years, including 

a preparatory year called pre-primary which is not compulsory but is almost universally 

undertaken, seven years of primary school and five years of secondary school. Australia 

is in the southern hemisphere; therefore the academic year coincides with calendar year, 

starting at the end of January and finishing in December of the same year. There are 

normally four terms in each school year across Australia with two terms per semester.  

Schools in WA include government schools and non-government schools. The 

latter includes religious schools (such as Catholic or Islamic schools) and schools based 

on educational philosophies such as Montessori and Steiner. Roughly sixty percent of 

WA children attend government schools, with the other forty percent attending non-

government schools (Thomson, et al., 2007). Most government schools are 

comprehensive and coeducational. State education departments recruit and appoint the 

teachers in government schools, supply buildings, equipment, and materials and provide 

discretionary funding for use by schools. All non-government schools are registered 

with the state or territory government education department and are subject to regular 

inspection. Curricula are generally similar to government schools and government 

requirements must be met. English remains the language for instruction in education. 

The National Assessment Program for Australia was established by federal and 

state education authorities. The program involves annual full-cohort assessment of 

students in Years 3, 5, 7, and 9 in literacy and numeracy. Sample assessments at Year 6 

and 10 in science, civics and citizenship, and information and communication 

technology are conducted every three years. The purpose of these programs is to report 

information to parents, teachers and schools about student achievement based on a 

common test to monitor the overall performance of the education system (Thomson, et 
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al., 2007). At the end of secondary school in Year 12, all states conduct formal 

assessments of student performance in subjects. The examinations are administered by 

panels of experts in each of the subjects under the authority of the state curriculum and 

assessment authorities. The purpose of these assessments is to certify student 

achievement at the end of school. They also provide the basis for selection of courses in 

higher education. In addition to participating in the national assessment program, state 

and territory authorities conduct assessments in their jurisdictions in areas not 

encompassed by the national program. Western Australia Monitoring Standards in 

Education (http://det.wa.edu.au/educationalmeasurement/detcms/portal) is an example, 

which tests samples of students at several grades throughout the span of schooling in 

mathematics, science and other learning areas. Australian primary schools follow 

regular grade promotion practices, with students normally progressing each year from 

one grade to the next. 

Philosophies Underpinning Science Education in China and Australia 

A brief comparison of the eastern and western educational philosophies is a starting 

point for exploring approaches to science education in China and Australia. As Randall 

Curren (2007) wrote in his Philosophy of Education: An Anthology, “most questions 

about education will lead one, sooner or later, to … begin… to think philosophically 

about education” (p. 7). 

Chia (2009) summarised four major differences between eastern and western 

philosophies. Eastern philosophy is mainly derived from the religious teachings of 

Buddhism, Confucianism and Taoism. Through these teachings, there is a tendency 

towards a one-way transmission of knowledge and this is authoritative. Eastern 

philosophy focuses on collectivism (obligations), a holistic view of the world (unity and 

mutual inter-relations), harmony and pragmatism. In contrast, western philosophy is 

based on rational thought and hence, has more of an emphasis on logic, cause and effect. 
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Having its roots in Athens, Rome and Judeo Christianity, western philosophy advocates 

individualism, a mechanistic conception of the world, conflict between opposites and 

idealism. 

The English word ‘education’ is equivalent to jiao yu in Chinese, which means 

teaching and cultivating. To be more specific, jiao shu yu ren, means teaching books 

and cultivating people. Transmitting Confucian morals, imparting knowledge and 

resolving doubts are the major responsibilities of teachers. Students pay great respect to 

teachers and are also attentive to books, which are regarded as beneficial and sacred. 

Due to this value of the study of books, reading and self-reflection are recommended 

learning strategies for Chinese students (Leng, 2005). Reading, learning and education 

are often taken as synonyms in China and reading is regarded as a highly effective 

means of learning and memorisation (OECD, 2011).  

In the 1950s, the goal of education in Australia was to prepare young people for the 

industrial economy, such as manufacturing, farming and business. Schools were 

intended to provide knowledge and skills to enable young Australians to be more 

autonomous and self-reliant and more articulate. Schools were considered as a key site 

for promoting social skills. Methods of teaching were intended to promote intelligence 

and co-operation (Wyn, 2009). According to the recent National Declaration on 

Educational Goals for Young Australians, education commits to “supporting all young 

Australians to become successful learners, confident individuals and active and 

informed citizens” (Ministerial Council on Education Employment Training and Youth 

Affairs, 2008, p. 5).  
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Science Education Policies in China and Australia 

In order to echo the national policy of revitalising China through science and education 

and respond to socioeconomic changes, a series of educational reforms have been 

carried out in China. In the curriculum reform in 2001, the first Science Curriculum 

Standard (3-6 Grade) for Full-time Compulsory Education and the first Science 

Curriculum Standard (7-9 Grade) for Full-time Compulsory Education were issued by 

the Ministry of Education (Division of Primary Education Ministry of Education 

[China], 2002). Prior to this reform, a Primary Nature Syllabus had been in place from 

1992 (H. Li, 2004). Both curricula standards are rudimentary for the purpose of 

cultivating scientific literacy in students, and aim to help students to understand the 

essential nature of science. Enhancing the scientific literacy of all students is the core of 

this science curriculum. Further, the science curriculum is not only designed to meet the 

needs of individuals, it also is designed to promote social development, and science 

inquiry (APEC Human Resources Development Working Group, 2006; Division of 

Primary Education Ministry of Education [China], 2002). The principles of science 

teaching are also stated in the curriculum standards. For example, teachers are 

encouraged to stimulate students’ curiosity and cognition, and to encourage students to 

learn science cognitively through practical engagement. Teachers are also encouraged to 

recognise the individual differences of students when teaching science (APEC Human 

Resources Development Working Group, 2006, p. 11). The Chinese science standard is 

national and all provincial governments, including the Hunan Provincial Government, 

are required to implement the national standards. 

While a national, kindergarten to Year 10 curriculum in science was being 

implemented in 2012 in Australia, at the time this research was conducted, primary 

science education curriculum was the jurisdiction of the Australian state and territory 

governments (Dawson & Venville, 2012). In Western Australia, the state in which this 
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research was conducted, the Curriculum Framework Learning Statement for Science 

states that science education empowers students to be questioning, reflective and critical 

thinkers; assists students to be active citizens by providing the understanding they need 

to make informed decisions in their local, national and global communities. Students are 

expected to appreciate scientific knowledge, processes and values (Curriculum Council 

Western Australia, 1998). The outcomes of science learning comprise two key domains: 

working scientifically and understanding concepts. Teachers are expected to help 

students develop language skills to clarify their thinking, and encourage students to 

learn both independently and collaboratively. 

Structure of the Chinese and Western Australian Primary Science Curricula 

A comparative analysis of Chinese and Australian primary science curriculum 

documents is an essential pre-requisite to the investigation of children’s conceptual 

understanding of science in the two countries (Table 1.2). Curriculum documents from 

China and Western Australia were collected from official websites 

http://www.pep.com.cn and http://www.curriculum.wa.edu.au/ and comparisons were 

made between the rationale, general objectives, outcomes, content strands, scope of 

curriculum and distribution of science concepts.  

As Table 1.2 shows, the Australian curriculum emphasises the teaching of Life and 

Living, with about one third of all the concepts that are listed; while in China its 

counterpart, World of Living Things, lists about a quarter of the total. The Chinese 

curriculum lists more physical science concepts in the World of Materials (more than a 

half). What’s more, the percentage of concepts listed in the World of Materials is larger 

than the sum of the concept proportion in Energy and Change and Natural and 

Processed Materials in the Australian curriculum. Both curricula list a comparatively 

conservative number of concepts for the strand of Earth and Beyond. Despite the fact 

that the total number of concepts listed in the Australian curriculum is larger than that in 
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the Chinese one, on average, the Australian children learn about 20 scientific concepts 

annually, while Chinese primary students have to learn about 30 each year from Year 3 

to Year 6. 

Table 1.2 A Comparison of Chinese and Western Australian Science Curriculum 
Frameworks 

 
National Chinese Primary Science 

Curriculum 

Western Australian Primary Science 

Curriculum 

Rationale 

student-centred, scientific inquiry-

based, flexibility in content, activities 

and assessment 

empowering students to be questioning, 

reflective and critical thinkers, assisting 

students to be informed contributors and 

responsible decision makers 

General 

Objectives 

understanding basic concepts, 

thinking critically, maintaining 

curiosity, loving science and nature 

working scientifically & understanding 

concepts 

Outcomes 

investigating scientifically, forming 

scientific attitudes, understanding 

science concepts 

investigating, communicating 

scientifically, applying science in daily 

life, acting responsibly, understanding 

science in society 

Content 

strands 

World of Living Things, World of 

Materials, Earth and Beyond 

Earth and Beyond, Energy and Change, 

Life and Living, Natural and Processed 

Materials 

Scope of 

curriculum 

Year 3-Year 6 

expressed as a general expectancy 

Early childhood to middle childhood 

(K-7) 

expressed as different phases of 

conceptual development 

Distribution 

of Concepts 

World of Living Things 32 (26%)

World of Materials 69 (56%) 

 

Earth and Beyond 22 (18%) 

Total 123 

Life and Living 52 (33%)

Energy and Change 36 (23%) 

Natural and Processed Materials 38 

(23%) 

Earth and Beyond 33 (21%) 

Total 159 

Curriculum and Teaching Materials Research Institute (2001)

Curriculum Council Western Australia (1998) 
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Research Methodology 

This section provides an overview of the research traditions in which the research was 

conducted, the research questions, the multiple case study design and the mixed 

methods approach to data collection and analysis. More detailed information about the 

specific methods of data collection and analysis are presented in subsequent chapters.  

Research Traditions 

This research was conducted in the confluence of two science education “research 

traditions” described by Anderson (C. W. Anderson, 2007, p. 4); the conceptual change 

tradition and the socio-cultural tradition. These traditions comprise “groups of 

researchers who share common intellectual heritages and seek to build on one another’s 

work.” Researchers in both traditions are “contributing to a collective effort that 

deepens and enriches our understanding of science learning” (C. W. Anderson, 2007, p. 

4).  

The conceptual change tradition, or the conceptual learning tradition (Scott, Asoko, 

& Leach, 2007), has a long history and strong influence in the science education 

community. Conceptual change researchers see science education as encouraging 

students toward scientists’ understandings and interpretations of nature in order to “give 

them access to the power of scientific ideas” (C. W. Anderson, 2007, p. 11). The focus 

in this tradition is the student and their direct understanding of nature. Researchers in 

this tradition acknowledge that learners come to school with their own ideas about the 

natural world that can be considered to be less powerful and precise than scientific 

theories, but they are useful to the students in their current contexts and everyday lives. 

Thus, from the perspective of this tradition, the role of science education is to give 

students access to new, scientific ideas by modifying, in some way, their naïve 

understandings (Scott, et al., 2007). 
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For researchers in the socio-cultural tradition, science is a human endeavour where 

the practitioners, that is, the scientists, participate in communities of practice that have 

shared values, and ways of behaving and communicating (C. W. Anderson, 2007). 

Science education from the perspective of this tradition is about being able to help 

students to acquire the cultural and language resources that they need to be able to 

participate in the discourses, or conversations, of the scientific communities of practice 

(Carlsen, 2007). That is, science education should aim to help students to be able to 

think, behave and talk like scientists. These two traditions are not mutually exclusive, 

both perspectives draw on developmental psychology, but the conceptual change 

tradition is more strongly aligned with the ideas first developed by Jean Piaget (Scott, et 

al., 2007) and the socio-cultural tradition more strongly aligns with the ideas of 

Vygotsky (Carlsen, 2007).  

This research is aligned with both research traditions. It is aligned with the 

conceptual change tradition because the aim of the research is to ascertain children’s 

conceptual understanding of science and the impact that approaches to curricula have on 

their conceptual understanding. Children’s naïve, pre-instructional conceptions are 

acknowledged and ascertained and how changes to these conceptions occur over the 

primary schools years is described. This research is also aligned with the socio-cultural 

tradition because the social and cultural context of the students in Chinese and 

Australian schools is considered in detail. The nature of the participating students’ 

interactions with their teacher and with their peers in group work in the classroom is 

investigated. Further, the impact of cultural factors, including culture understood as 

both education and civilisation and language on children’s conceptual understandings of 

the Earth and living things is investigated.  
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Research Questions 

In order to achieve the aim of the research presented in this thesis, that is, to explore the 

impact that the current approaches to primary science curricula in China and Australia 

have on children’s conceptual understanding of science, five broad research questions 

were developed. Each research question was designed to drive a specific research study, 

each of which is reported as a standalone scholarly paper in Chapters Three, Four, Five, 

Six and Seven. Each broad research question consisted of several sub-research questions 

that were designed to guide data collection and analysis within each research study. The 

broad research questions and corresponding sub-research questions are outlined below. 

Research Question 1: What are Chinese and Australian Year 3 children’s 

conceptual understandings of science and how do they compare?  

1a. What are Chinese Year 3 children’s conceptual understandings of 

science? 

1b. What are Australian Year 3 children’s conceptual understandings 

of science? 

1c. How do Chinese and Australian Year 3 children’s conceptual 

understandings of science compare? 

Research Question 2:  What are Chinese and Australian Year 6 children’s 

conceptual understandings of science and how do they compare?  

2a. What are Chinese Year 6 children’s conceptual understandings of 

science? 

2b. What are Australian Year 6 children’s conceptual understandings 

of science? 

2c. How do Chinese and Australian Year 6 children’s conceptual 

understandings of science compare? 
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Research Question 3: What is the ideal curriculum, the curriculum-in-action, and 

the experiential curriculum in each Chinese and Australian case study school? 

3a. How is the formal science curriculum organised in each Chinese 

and Australian case study school? 

3b. What does the curriculum-in-action look like in Year 6 science 

classrooms in each Chinese and Australian case study school? 

3c. What is the experiential curriculum in science for participating 

Chinese and Australian Year 6 students? 

Research Question 4: What are Chinese and Australian primary children’s 

qualitative understandings of the Earth and how do they compare?  

4a. What are Chinese and Australian Year 3 and Year 6 children’s 

conceptions of the Earth? 

4b. What evidence is there for universality and cultural mediation in 

Chinese and Australian Year 3 and Year 6 children’s conceptions 

of the Earth? 

4c. What evidence is there for mental models and/or fragmented 

knowledge in Chinese and Australian Year 3 and Year 6 

children’s conceptions of the Earth? 

4d. How do Chinese and Australian children’s conceptions of the 

Earth develop? 

Research Question 5: What are Chinese and Australian primary children’s 

qualitative understandings of living and non-living things and how do they compare?  

5a. What are Chinese and Australian Year 3 and Year 6 children’s 

conceptions of living and non-living things?  

5b. How do Chinese and Australian children’s conceptions of living 

and non-living things develop between Year 3 and Year 6? 
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5c. What evidence is there for universality and cultural mediation in 

Chinese and Australian Year 3 and Year 6 children’s conceptions 

of living and non-living things? 

Mixed Methods Methodology 

Given the specific research focus, research context, as well as time and resources 

available during the doctoral research, mixed methods methodology was considered to 

be the most appropriate to address a set of research questions (Bergman, 2008b; 

Brannen, 2008). Science education is “long past the paradigm wars that dominated 

education research in the 1980s. Mixed methods research is a new paradigm ripe for 

application to science education settings” (Abell & Lederman, 2007, p. xiii). Mixed 

methods research employs the combination of quantitative and qualitative approaches 

and utilises the strengths of both approaches. (Bergman, 2008a; Creswell, 2009). It also 

“means working with different types of data…implying the application of a number of 

different research strategies related to a complex rage of research questions and a 

complex research design” (Brannen, 2008, p. 53). Mixed methods research, can be 

subsumed within another research strategy, as it is with the multiple case study design 

of this research (further outlined below), to constitute a particular type of research 

methodology (Brannen, 2008).  

This research involved gathering both quantitative and qualitative data in order to 

inform our understanding about how the science curriculum was delivered in these two 

countries and the impact the curricula approach had on the participating children’s 

conceptual understandings of science. Collecting diverse types of data provides a more 

rigorous understanding of a research problem (Creswell, 2009).  

A sequential explanatory strategy (Creswell, 2009, p. 209) was used for data 

collection and analysis in each case study (Figure 1.3). The data collection started with a 

quantitative phase, that is, the administration of a science quiz to participating students. 
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The initial analysis of the data from the science quiz and its results were used to identify 

a smaller number of participants for the student interviews in the qualitative phase of 

data collection. The qualitative phase also included school tours, classroom 

observations, interviews with teachers and document collection. More detailed 

information about the development and trialling of the data collection instruments is 

provided in Chapter Two that elaborates the pilot study phase of the research.  

 

 

 

 

  

                                  Data results compared     

Figure 1.3 Creswell’s (2009) Sequential Explanatory Design 

 

In order to enhance validity of the data collected, the findings from the quantitative 

and qualitative databases were used to address the research questions. Data analysis in 

mixed methods research occurs both within the quantitative (descriptive and inferential 

numerical analysis) and the qualitative (descriptive and thematic text or image analysis) 

approach and often between the two approaches. For a sequential study, researchers 

typically report the quantitative data collection and analysis in the first phase and the 

qualitative data collection and analysis in the second phase, and explain how the 

qualitative findings extend the quantitative results (Creswell, 2009, p. 220). The 

presentations of findings in this thesis roughly follow this pattern with Chapters Three 

and Four presenting quantitative data from the student quiz, the patterns within which 

are further explored with the qualitative data from the student interviews. Chapter Five 

presents quantitative data from the student quiz as well as qualitative data from teacher 
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interviews and classroom observations to examine how the primary science curriculum 

is enacted in each case study school. Chapters Six and Seven utilise qualitative data 

from the student interviews to explore, in an in-depth way, children’s conceptual 

understandings of the Earth and living things.  

Multiple Case Study Design 

The design of the research presented in this doctoral thesis was a multiple case study 

(Yin, 2003). The detailed research design is illustrated in Figure 1.4. According to Yin 

and Punch, a multiple case study contains more than a single case and each case study is 

directed at replication across similar cases (Punch, 2005; Yin, 2003). Stake (2006) 

explains that an important reason for doing the multiple case study is “to examine how 

the program or phenomenon performs in different environments” (p. 23). Accordingly, 

the multiple case study design was selected for this research in order to allow the 

researcher to explore, in depth, primary children’s conceptual understandings of science 

in Chinese and Australian schools in urban, suburban and rural contexts and also in high, 

medium and low socioeconomic contexts. These contexts were sought in order to 

include a broad spectrum of children from both countries in the research.  

The first step in this multiple case study, after articulating the aim of the research 

and the research questions, was the careful selection of the case study schools, as 

represented in the first two columns of Figure 1.4. According to Stake (2006), the cases 

need to be similar in some way, but each case is a complex entity in its own situation 

with a unique cultural, social, and economic background. Stake also elaborated three 

main criteria for selecting cases, that is: 1. the cases are relevant to the main aim of the 

research; 2. the cases provide diversity across contexts; and, 3. the cases provide good 

opportunities to learn about complexity and contexts (2006, p. 23).  
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Figure 1.4 The Design of the Research (based on Yin, 2003) 
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With Stake’s (2006) criteria as a guide, but also considering logistics, particularly 

of the time and budget available for this doctoral research, a public primary school 

located in an urban area with high socioeconomic status, a semi-private primary school 

located in a suburban area with medium socioeconomic status, and a public primary 

school located in a rural area with low socioeconomic status were selected as paired 

case study schools in Hunan, China and Western Australia. This selection process 

resulted in participating students in the paired school case studies having similar 

resources available to them and similar geographical locations, thus improving the 

legitimacy of cross-case analysis. More detailed information about the process of 

selecting the case study schools is provided in Chapter Three (Tao, Oliver, & Venville, 

2012). 

The first objective of a case study is to understand the case (Stake, 2006). Therefore, 

in order to develop in-depth knowledge of the primary children’s conceptual 

understandings of science in the different cultural contexts, the focus was initially 

within the individual cases. In each case study school, a science survey was 

administered to assess the children’s general understanding of science. In-depth 

interviews were conducted with a smaller number of children to probe their qualitative 

understandings of various scientific phenomena, a tour of the science facilities of the 

school was conducted, teachers were interviewed, classroom observations completed 

and relevant teaching documents collected. Individual case studies were prepared and 

provided to the principal of each case study school. This process is represented in the 

middle two columns of Figure 1.4. Subsequently, the case studies were compared using 

a complex process of cross-case analysis using a number of theoretical and conceptual 

frameworks to provide more compelling evidence to address the research questions. 

This process is represented in the last two columns of Figure 1.4. The individual school 

case studies are not presented in this thesis; rather, it is the more complex cross-case 
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analyses that utilise different theoretical and conceptual frameworks that constitutes the 

thesis chapters.  

The Structure of the Thesis  

This thesis is presented as a set of five studies, all of which address the overarching aim 

of the research: to explore the impact that the current approaches to primary science 

curricula in China and Australia have on children’s conceptual understandings of 

science. The next chapter, Chapter Two, presents the development of the research 

instruments and the findings of the pilot study. The standalone research studies are 

presented in Chapters Three, Four, Five, Six, and Seven. Chapter Eight synthesises and 

concludes the thesis.  

Chapter One provided an introduction to the research presented in this thesis. It 

argued the importance of primary science education and the associated rationale for this 

doctoral research. Chapter One stated the research aim and outlined the significance of 

the research presented in this doctoral thesis. Contextual information about Hunan 

Province and the state of Western Australia including the geography, education and 

curriculum were then presented. The research methodology including the conceptual 

change and socio-cultural research traditions, the research questions, mixed 

methodology and multiple case study design were described. Chapter One concludes 

with this overview of the structure of the thesis. 

The next chapter, Chapter Two, presents the process of developing the science quiz, 

the primary instrument used for quantitative data collection, and the student interview 

protocol, the primary instrument used for qualitative data collection. The process and 

findings of the pilot study are described. 

Chapter Three addresses Research Question 1 and presents a multiple comparative 

case study of Chinese and Australian Year 3 children’s conceptual understanding of 

science. Chapter Three has been published in the International Journal of Science 
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Education (Tao, et al., 2012). In this chapter, the main bodies of literature pertinent to 

the context of the study are reviewed, and details of the research methods are provided. 

The findings indicated that the Chinese and Australian Year 3 children in the case study 

schools had similar conceptual understandings of science despite considerable 

differences in the early childhood science curriculum in the two countries. The chapter 

concludes with a question about the value of providing a science curriculum in early 

childhood.  

Chapter Four addresses Research Question 2 and explores the long-term outcomes 

of either participating or not participating in early childhood science education on the 

participating Year 6 children’s conceptual understanding of science. Chapter Four has 

been accepted for publication by the International Journal of Science and Mathematics 

Education (Tao, Oliver, & Venville, in press-b). The research is situated in a conceptual 

framework that evokes Piagetian developmental levels as both potential curriculum 

constraints and potential models of efficacy. The findings indicated that the higher the 

socioeconomic status of the school, the better the Year 6 students’ conceptual 

understanding of science. The findings also suggested that an early childhood science 

education, as provided in Australia, may be beneficial for children in low 

socioeconomic schools as they mature and move through primary school. Science 

learning from kindergarten to Year 2 may have provided participating children with a 

conceptual grounding that supported their continued learning of science.  

Chapter Five addresses Research Question 3 and compares the ideal curriculum, the 

curriculum-in-action, and the experiential curriculum in the Chinese and Australian 

Year 6 classrooms in the case study schools. While there were considerable similarities 

between the Confucian and scientific literacy philosophies underpinning the Chinese 

and Australian curricula, the findings indicated that the socioeconomic status of the 
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school impacted on the teachers’ ability to create a curriculum-in-action and 

experiential curriculum that reflected the ideal curriculum. 

Chapter Six addresses Research Question 4 and presents a cross-cultural and cross-

sectional study of Chinese and Australian primary children’s qualitative understandings 

of the Earth, including the Earth’s shape, gravity, day/night cycle and the seasons. 

Chapter Six has been accepted for publication by Cultural Studies of Science Education 

(Tao, Oliver, & Venville, in press-a). The findings supported the universality of 

entrenched presuppositions hypothesis. Cultural mediation was found to have a subtle 

impact on children’s understanding of the Earth. A model of conceptual development is 

proposed. 

Chapter Seven addresses Research Question 5 and examines Chinese and 

Australian primary children’s conceptual understandings of living things, to be more 

specific, the criteria that children use to define living things and distinguish between 

living and non-living things. The results showed that, regardless of different cultures, 

children from the same year group demonstrated similar conceptual understandings of 

living things. Similar to the findings in Chapter Six, the findings in this chapter also 

supported the notion of universality of children’s conceptual development with cultural 

mediation playing a subtle, but malleable aspect of that development. 

Chapter Eight presents a synthesis of the findings from the studies presented in the 

previous chapters. The chapter concludes in offering some suggestions to the policy 

makers, curriculum developers and primary science educators in both countries. Various 

implications for further research also are discussed.  
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Chapter Two  

Pilot Study Phase of the Research 

Introduction 

In order to address the aim of this research, a survey was necessary to develop a broad 

understanding of the science knowledge of the children in each case study school.  In 

addition, an in-depth interview was to be used with a smaller number of children to give 

fine grain insight into their conceptual understandings of scientific phenomena. The 

purpose of this chapter is to report the challenges and difficulties involved in selecting 

the science survey and interview topics, designing the format of the survey and 

interview questions, and administering the science survey and interviews. Trialling of 

the survey and interview protocol was conducted in the context of a pilot study school. 

The findings from the pilot study also are reported in this chapter together with 

implications for the main case study research. 

There are considerable challenges and difficulties in conducting research in 

different cultural settings. Some of these difficulties are documented by Cao et al. (2007) 

in a chapter entitled Doing Survey in Different Cultures: Difficulties and Differences –A 

Case from China and Australia. These researchers noted that “China and Australia are 

two societies with different social and cultural backgrounds: one is a developing 

country with an eastern cultural tradition, another is a developed country dominated by 

western culture. There are huge differences between the two systems” (p. 310). Based 

on their own research experiences, Cao et al. (2007) summarised the potential 

difficulties when conducting surveys in China and Australia, including choosing a topic 

of equal importance in both countries, choosing the right format for the instrument, the 

adequateness of the survey content and the precision in the translation of the survey 

items (p. 315). They also brought to researchers’ attention that the procedures for 
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conducting a survey and people’s attitudes towards a survey vary considerably between 

China and Australia. They reminded researchers to be aware of the differences in 

culture, educational practices, customs, rules and regulations.  

Selecting Survey Topics 

The first issue in designing the science survey was to ensure that the survey topics were 

covered in the primary science curricula in both countries. A comparative analysis of 

Chinese and Western Australian primary science curriculum documents indicated that 

concepts in the Western Australian curriculum are distributed across four conceptual 

outcomes: Life and Living, Energy and Change, Natural and Processed Materials, and 

Earth and Beyond (Curriculum Council Western Australia, 1998); concepts in the 

Chinese curriculum are distributed across three conceptual outcomes: World of Living 

Things, World of Materials, and Earth and Beyond (Curriculum and Teaching Materials 

Research Institute, 2001). The major difference is that the Western Australian 

curriculum has a conceptual outcome focused on energy, but the topic of energy is 

integrated into World of Materials in the Chinese curriculum. The Western Australian 

curriculum lists more life science concepts (more than a third), and the Chinese 

curriculum lists more physical science concepts (more than a half). Both curricula list a 

conservative number of concepts for earth science (see Chapter One, Table 1.2).  

After discussion with two science educators about the differences in concept 

distribution in these two curricula, the researcher was introduced to the Trends in 

International Mathematics and Science Study (TIMSS), a standardised international 

study on children’s achievement in mathematics and science (http://timss.bc.edu). As a 

large-scale cross-national assessment, TIMSS recognises differences in the organisation 

of science curricula across countries. For the TIMSS assessment at the fourth grade, 

three major domains covering most of the topics in various participating countries’ 

curricula are used to structure the science content: life science, physical science and 
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earth science. The three major domains are consistent with the content areas of the 

Chinese and Western Australian curricula, the main difference being that the topics of 

materials and energy are grouped into the physical science domain. In the Science 

Framework: Fourth Grade Content Domains (Mullis et al., 2005), the topic areas for 

life science consist of: characteristics and life processes of living things; life cycles; 

reproduction and heredity; interaction with the environment; ecosystems; and, human 

health. The topic areas for physical science are made up of: classification and properties 

of matter; physical states and changes in matter; energy sources; heat and temperature; 

light and sound; electricity and magnetism; and, forces and motion. The topics areas for 

the earth science domain include: the Earth’s structure, physical characteristics and 

resources; Earth’s processes; cycles and history; and, Earth in the solar system.  

In addition, grade appropriateness, difficulty level and potential sources of cultural 

bias were well controlled for each TIMSS item (Ruddock, O'Sullivan, Arora, & 

Erberber, 2008), science test reliability was assured with an international median 

Cronbach’s alpha of 0.80 for fourth grade and 0.84 for eighth grade (Olson, Martin, & 

Mullis, 2008), and quality translation of the items and questionnaires and national 

adaptations were guaranteed (Johansone & Malak, 2008). After examination of the 

TIMSS 2007 Assessment Framework (Mullis, et al., 2005) and the TIMSS 2007 

Technical Report (Olson, et al., 2008), released items from past TIMSS science were 

selected to constitute the science survey. 

Development of the Survey 

According to Fowler (2009), “designing a good survey instrument involves selecting the 

questions needed to meet the research objectives, testing them to make sure they can be 

asked and answered as planned” (p. 115). An appropriate survey format was considered 

important for this study, in particular, school and cultural factors needed to be 

considered so that students from both countries were comfortable with the survey 
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process. Another concern was that the questions on the survey could be answered by 

children in the limited amount of time available in the case study schools. Survey 

methods suit Australian children as surveys often are conducted in Australia schools 

and children are familiar with different survey formats and know how to complete 

surveys. For example, every year all Australian school children in Year 3, 5, 7 and 9 

participate in the National Assessment Program - Literacy and Numeracy (NAPLAN) 

(http://www.naplan.edu.au/). In contrast, school children in China, especially lower 

primary children, are less likely to be familiar with surveys as surveys and examinations 

do not happen often at this year level in schools. The Year 6 children have more 

experience of dealing with examinations as these are often used in upper primary levels 

as an evaluation of children’s performance in the major subjects.  

In choosing how to distribute questions in the science survey, a major goal was to 

maximise the coverage of the curriculum content while providing a reliable 

measurement of children’s general conceptual understanding of science. In the TIMSS 

test, two question formats are used: multiple-choice questions and constructed-response 

questions. Multiple-choice questions provide children with four response options, of 

which only one is correct. This type of question can be used to assess children’s general 

knowledge of science in a short time as no explanation or supporting statements are 

required. Constructed-response (open-ended) questions require children to construct a 

written response to explain phenomena or interpret data based on their background 

knowledge and experience. In order to examine how multiple-choice questions and 

constructed-response questions were received by children in both countries, we decided 

to trial both question formats. 

Initially, fifteen items were selected from the past TIMSS science released items, 

and the first version of the survey was constructed. The survey had five items in each 

domain, namely life science, physical science and earth science. Items were randomly 
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arranged. Twelve items were multiple-choice questions and three were constructed-

response questions. The English version of the TIMSS items was available from the 

TIMSS official website (http://timss.bc.edu/). The Chinese version of the items, 

released by the Science Education Centre of National Taiwan Normal University 

(http://www.sec.ntnu.edu.tw/NSC/TIMSS/TIMSS.htm), was modified to use the 

simplified Chinese characters that are standard in mainland China. Both English and 

Chinese versions of the survey were trialled with friends’, fellow researchers’ and 

neighbours’ children aged between eight and nine years old. The feedback was that 

some of the terms in the survey items were beyond the children’s understanding, for 

example, ‘insects’, ‘organism’, ‘layers of the Earth’ and so on. Parents reported that 

some items were too long and they had to read and explain those items to their children, 

which was time consuming and made children feel frustrated. In order to improve the 

survey items and to ensure they were appropriate for young children, we consulted three 

early childhood and primary school educators and researchers. They suggested that 

some of the long and complicated items, as well as items containing unfamiliar concepts, 

should be replaced by the items with moderate length and interesting pictures, and the 

key words in the questions should be highlighted.  

The second version of the survey, based on the feedback and suggestions from 

children, parents and primary and early childhood educators, was made up of seventeen 

items: six items in life science, six in physical science, and five in earth science. Eleven 

were multiple-choice questions and six were constructed-response questions. Items 

were randomly distributed across the survey. The English and Chinese versions of the 

survey were trialled with three Australian Year 3 children and one Chinese Year 3 child. 

Feedback from parents’ observation of the trail and inspection of survey papers 

indicated that the level of difficulty of the items seemed to be appropriate for the 

children. It was observed, however, that the children often spent too long on the 
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constructed-response questions and their hand writing was difficult to read. For example, 

one of the items asked why bubbles rise in water when we blow into it using a straw. 

One of the children wrote “beacause there lighte” (sic) [because they are lighter]. It 

seemed that the constructed-response questions were not suitable for the purpose of this 

survey for the following reasons. First, the purpose of the survey was to provide an 

overall assessment of the participating children’s knowledge of science. We also were 

planning to gather data from in-depth interviews, thus, open-ended questions in the 

survey were probably not necessary. Second, it was estimated that in each case study 

school about forty children would participate in the survey and the time available to 

complete the survey would be within twenty minutes. It was possible that time 

restriction would put children at stress to finish all the items. Third, it was found to be 

more difficult to score children’s responses to the open-ended questions than the 

multiple-choice questions. When all the factors above were taken into consideration, the 

constructed-response questions were replaced with multiple-choice questions and the 

total number of items was reduced. 

The third version of the science survey consisted of twelve multiple-choice items in 

total, each was carefully selected from the past TIMSS released science items. The 

number of items in each content domain, namely, life science, earth science and 

physical science, was evenly distributed. Several of these items were provided with 

national and international average percentages of correctness from the past science 

reports (Martin et al., 1998; Martin, et al., 2008b; Martin, Mullis, Gonzalez, & 

Chrostowski, 2004; Martin et al., 2000); therefore, the level of difficulty based on this 

information could be taken into consideration. In this updated science survey, items in 

the domain of life science assessed children’s classification of living things and non-

living things, heredity and knowledge of plants; items in the domain of earth science 

mainly assessed children’s understanding of the Earth’s motion; items in the domain of 
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physical science assessed children’s understanding of floating and sinking, and 

conservation of mass. Two slightly different versions of the science survey were 

developed, one for Year 3 participants and one for Year 6 participants. The difference 

was that in the Year 6 version one item in each domain was selected from the past 

TIMSS science for the eighth grade children, and the rest of the items remained the 

same. The two versions were developed in order to ensure that the survey was not too 

easy for Year 6 participants who had been at school longer.  

In addition to the science survey, a cover questionnaire was developed to ascertain 

participants’ personal information including their names, date of birth, and gender. In 

order to explore the possible impact that different approaches to primary science 

curricula in the different school cultures of China and Australia have on children’s 

conceptual understanding of science, questions about the participants’ perceptions of 

their participation in activities relevant to science learning were selected from the 

TIMSS 2007 student questionnaires and attached to the science quiz. The English 

version of the questionnaire items was available from the TIMSS official website 

(http://timssandpirls.bc.edu/TIMSS2007/context.html). The Chinese version of the 

questionnaire items, released by the Science Education Centre of National Taiwan 

Normal University (http://www.sec.ntnu.edu.tw/NSC/TIMSS/TIMSS.htm), was modified to 

use the simplified Chinese characters that are standard in mainland China. To complete 

the questionnaire, children were required to select from ‘at least once a week’, ‘once or 

twice a month’, ‘a few times a year’ and ‘never’ to match their perceived participation 

in activities such as observing the weather or plants, watching their teacher do an 

experiment, memorising science facts, working out science problems independently and 

so on.  In order to facilitate the data analysis, responses were coded from three ‘at least 

once a week’ to zero ‘never’. In order to make the survey more friendly to children, the 

word ‘survey’ was replaced by ‘quiz’, which is a term considered by Australians to be 
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more of a game, or mind sport, than a test. The three parts of the survey included: Part 1, 

the cover questionnaire; Part 2, the questions on participation in learning activities in 

science class; and Part 3, the science quiz. The full survey in English and Chinese 

versions are provided in Appendix B and C.  

Development of the Student Interview Protocols 

According to White and Gunstone (1992), interviews with children can deeply probe 

their understanding of a single concept; first by checking whether they can recognise the 

presence of a concept in a certain instance, and second, by ascertaining whether they 

can explain their ideas or decisions. The explanation reveals the quality of the children’s 

understandings. In this research, a face-to-face interview was conducted with children 

representing high, medium and low achievement on the science quiz in each case study 

school to probe their conceptual understanding of living things, the Earth, and floating 

and sinking. The interview data thus triangulated the science quiz data. Interviews with 

children followed the protocols established by White and Gunstone (1992). The 

interviews were semi-structured; that is, in addition to the planned questions, additional 

questions were used to follow up children’s responses by stimulating their reasoning 

and challenging them to provide reasons. As the direction the interview depended on the 

children’s responses to the initial questions, the form and sequence of follow-up 

questions were not constructed in detail in advance. However, we had a set of questions 

in mind. For example, ‘What do you think about…?’ or ‘Why do you think…?’. We 

also invited children to elaborate their thinking, for example, ‘Could you please say 

more about that?’.  

Interview questions about the shape of the Earth, gravity, day and night cycle, and 

the cause of the seasons followed the protocols developed by Vosniadou and Brewer 

(1992, 1994). Questions to probe participating children’s understanding and 

classification of living and non-living things were developed from Piaget’s clinical 
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interview questions on children’s concept of life (1929) and Venville’s (2004) research 

on children’s learning about life and genes. Questions about objects floating and sinking 

followed the protocol developed by Piaget (1930). Interview questions were translated 

into Mandarin by the researcher, a qualified English Mandarin translator approved and 

authorised by Ministry of Personnel, The People’s Republic of China. The interview 

protocols in English and Chinese are provided in Appendix D, E and F. 

Ethics—Different Procedures 

Due to the cultural differences between China and Australia in the level of protecting 

various groups of people, and the ways of establishing and maintaining the relationships 

among people, the procedures for conducting ethical educational research in the two 

societies are quite different (Z. J. Cao, et al., 2007). In Western Australia, the researcher 

went through the following steps before conducting surveys and interviews with school 

students: 

1) Approval from the University’s Human Research Ethics Committee. The 

researcher provided the Ethics Committee with a cover letter which described 

the research and outlined the purpose, an application form which answered 

various questions required by the committee, and a copy of the questionnaire 

and interview protocols. 

2) The Working With Children Check. An application was made to the Department 

for Child Protection for a Working With Children Check card. 

3) Approval from the Education Department of Western Australia (for the public 

school) and the Catholic Education Office (for the Catholic private school). The 

researcher provided the Department and the Office with the approval letter from 

the University’s Ethics Committee, copies of the Working With Children Check 

of all researchers, an information letter about the research, an application form, 

and a copy of the questionnaire and interview protocols. 
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4) Consent from the school principals. The researcher approached potential 

participating school principals and asked for their written consent for their 

schools’ participation. All participants were provided with information about the 

research, a copy of letters of ethics approval from the University’s Ethics 

Committee and the relevant education department or office (Appendix A). 

Participants also were provided with copies of the Working With Children 

Check of all researchers who visited the school. 

5) Consent from the teachers. With the permission from the principals, the 

researcher approached potential participating teachers for their written approval 

prior to administering the science survey, interviews and conducting classroom 

observations. All teachers were provided with information about the research 

(Appendix A). 

6) Consent from parents and students. Written permission was required from 

parents or guardians and students prior to participating in the survey and 

interviews. All parents and students were provided with information about the 

research (Appendix A). 

In Hunan Province, China, the recruitment and data collection procedures were 

guided by the Australian National Statement on Ethical Conduct in Human Research. 

This document states in Chapter 4.8: People in Other Countries under Section 4: Ethical 

Considerations Specific to Participants that “local beliefs and practices regarding 

recruitment, consent, and remuneration to participants or contributions to communities 

for participating in research should be taken into account in the design and the conduct 

of the research, and in the ethical review process” (National Health and Medical 

Research Council, Australian Research Council, & Australian's Vice-Chancellors' 

Committee, 2007, p. 75). Accordingly, permission to conduct the research was obtained 

by the researcher from the local educational bureau and permissions were obtained from 
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the participating school principals to conduct the research in their schools. With the 

permission of the principals, the researcher approached teachers, and asked them to 

distribute the surveys to their students directly. Students participated in the survey 

voluntarily but without written permission from their parents or guardians. This 

approach was consistent with the Chinese regulations for conducting research in schools 

and with the normal expectations of principals, teachers, parents and students. At no 

point were any participants coerced to participate. Children were generally interested to 

complete the survey and excited to participate in interviews. This approach also 

explains the differences in number of participants in the two countries. In each case 

study school in Western Australia, some children didn’t bring back or lost their consent 

forms, or their parents said no to their children participating in the research. Table 2.1 

shows the participation rates of students in Hunan Province and Western Australia. 

Table 2.1 Participation Rates of Students in Hunan Province and Western Australia 

 Hunan 

Province 

Western 

Australia 

Year 3 
Number of questionnaire distributed 160 215 

Number of questionnaire returned 135 120 

Year 6 
Number of questionnaire distributed 150 191 

Number of questionnaire returned 140 105 

 

For participants from both countries, the normal protocols for confidentiality, 

anonymity, consent and risk were followed to ensure that participants were treated in 

culturally and ethically appropriate ways at all times. The protection of participant 

confidentiality and anonymity was achieved in all phases of the research. All interviews 

were digitally recorded with the consent of participants and used only given names and 

dates. All raw data were coded and de-identified with only the researchers having access 
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to codes. Pseudonyms were used in the thesis and any other publications resulting from 

the research for all participating schools, teachers, principals and students.  

Pilot Study 

The purpose of the pilot study was to trial the data collection instruments, the science 

survey and the interview protocols. The pilot study was conducted at a public primary 

school in an urban area of Perth. This primary school had approximately 400 students 

enrolled for the start of 2009. The school is well resourced with Information and 

Communications Technology equipment. It has a high number of desktop computers 

and is regarded as a leader in the use of learning technologies. The school has a number 

of well resourced facilities, including a library, music centre and transportable art room. 

According to the Australian federal government’s ‘My School’ website 

(http://www.myschool.edu.au), the school Index of Community Socio-Educational 

Advantage (ICSEA) value is 1153, which is high when compared with the Australian 

average ICSEA value of 1000. Seven Year 3 children and nine Year 6 children 

participated in the pilot study. In addition to the information provided as part of the 

ethical consent process, participating children were told that the quiz and interview were 

not for assessment and would not be recorded on their school report. The science quiz 

and interview were administered firstly to the Year 3 children, followed by the Year 6 

children.  

Results from the Cover Questionnaire 

According to the data collected from the cover questionnaires on personal information, 

the average age of the seven Year 3 children participating in the study was 8.7 years of 

age, and of the nine Year 6 children was 11.67 years of age. The seven Year 3 children, 

included three male and four female, and the Year 6 children included seven male and 

two female.   
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Results on Participation in Science Learning Activities  

Findings from the sixteen children who completed the section on participation in 

science learning activities are presented in Table 2.2. The data indicated that five 

children said they participated in activities such as observing the weather or plants 

growing once a week; three children watched their teacher do experiments at least once 

a week; four children designed experiments once or twice a month; seven children said 

they did experiments and eleven children read science books once or twice a month; 

three children memorised science facts at least once a week; four children said that they 

never wrote or gave explanations for something they learned; eight children worked out 

science problems on their own once or twice a month, and six children said they used 

computers in science lessons once or twice a month (Table 2.2). 

Table 2.2 Children’s (n=16) Reported Frequencies of Participating in Science Learning 

Activities 

Science activities  Once a 
week 

Once or 
twice a 
month 

A few 
times a 

year 

Never

Watch weather or plant growing 5 2 9 0

Watch teacher do science experiment 3 9 3 1

Design science experiment 0 4 9 3

Do science experiment 3 7 4 2

Work in group on science experiment 7 6 2 1

Read books about science 1 11 2 2

Memorise science facts 3 10 0 3

Write or give explanation  5 6 1 4

Work out science problem on my own 5 8 2 1

Use computer in science lessons 0 8 2 6
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Science Quiz Results 

In scoring the children’s responses to the science quiz, one point was given for the 

correct answer and no points for an incorrect answer for each item. The maximum score 

on the quiz, therefore, was 12 and the minimum was zero. Table 2.3 indicates that the 

mean score for the Year 3 children was 8.57, and the mean score for the Year 6 children 

was 9.33. Table 2.4 shows the analysis of the science quiz section of the questionnaire 

with item by item information about the percentage of children from each year that gave 

a correct response. 

Table 2.3 Participating Year 3 (n=7) and Year 6 (n=9) Children’s Mean Scores on the 

Science Quiz 

Science Quiz n Minimum Maximum Mean Std. Deviation 

Year 3 7 6 12 8.57 2.15

Year 6 9 8 11 9.33 1.12

 

In the section on life science (Quiz Item 1 to Item 4), all seven Year 3 children and 

eight of the nine Year 6 children selected correct answers to Quiz Items 1 and 2, which 

focused on the types, characteristics and classification of living things. The children’s 

performance on Quiz Item 1 was higher than the 1995 international average, which was 

63 percent correct responses for the lower grade (Year 4) and 74 percent for the upper 

grade (Year 8) (Martin, et al., 1998). Fifteen of the sixteen children answered correctly 

to Quiz Item 3, which tested their understanding of heredity. Quiz Item 4, for Year 3 

children, probed their understanding about where plants get energy to make food. Three 

of the seven children selected the correct answer ‘sunlight’, and three children selected 

the incorrect responses of ‘soil’ or ‘water’. Quiz Item 4, for Year 6 children, about 

which part of the plant takes in the most water, was answered correctly by all children. 

The results suggested that the majority of Year 3 children could distinguish living things 

from non-living things. A couple of the children demonstrated misconceptions about 
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heredity and the source of energy for plant food production. The Year 6 children 

demonstrated better understanding of living things, heredity and biological processes.  

Table 2.4 Percentage of Correct Response to Each Item Compared with the Australian 

Average and the International Average 

Item topic Pilot study school Australian 

average 

International 

average 

% correct 

Year 3 

N=7 

% correct 

Year 6 

N=9 

 

Year 4

 

Year 8 

 

Year 4

 

Year 8

1. Living things 100% 100% N/A N/A 63% 74% 

2. Non-living things 100% 42.9% N/A N/A N/A N/A 

3. Heredity 85.7% 100% N/A N/A N/A N/A 

4a. Plant energy a42.9%  N/A N/A N/A N/A 

4b. Plant structure b100%     

5a. Earth’s surface a71.4%  N/A N/A N/A  

5b. Earth’s structure b100%    b82%

6. Day and night on the Earth 28.6% 33.3% N/A N/A 39% 44% 

7. Seasons on the Earth 57.1% 44.4% N/A N/A N/A 26% 

8a. Moon a100%  N/A  N/A  

8b. Gravity b66.7%  b79%  b70%

9. Objects floating and sinking 71.4% 88.9% N/A N/A N/A N/A 

10. Objects floating and sinking 100% 88.9% N/A N/A N/A N/A 

11a. Conservation of mass a57.1%  a74% N/A a72%  

11b. Flotation in different fluids b44.4%   b34%

12. Ice cube flotation 42.9% 77.8% 56% N/A 39% N/A 

Note: a item for the Year 3 children 
               b item for the Year 6 children 
            N/A—not available 
 

In the section on earth science (Quiz Item 5 to Item 8), Item 5 asked Year 3 

children what covers the most of the Earth’s surface. Five of the seven children gave the 

correct answer ‘water’ and the other two children selected ‘cities and towns’. Quiz Item 

5, for Year 6, asked the students which layer of the Earth is the hottest, and all children 

gave the correct answer. The percentage of correct response to this item was higher than 
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the 1999 international upper grade average of 82 percent. Quiz Item 6 and Item 7 were 

the same for both groups of children. Quiz Item 6 focused on the reason for day and 

night on the Earth; Quiz Item 7 on the reason for the seasons on the Earth. As Table 2.4 

shows, only two of the seven Year 3 children (28.6%) and three of nine Year 6 children 

(33.3%) selected the correct answer to Quiz Item 6. The children’s responses to this 

item were slightly lower than the 1995 international average of correct responses, which 

was 39 percent for the lower grade (Year 4) and 44 percent for the upper grade (Year 8). 

However, four of the nine Year 6 children (44.4%) answered Quiz Item 7 correctly, 

which was a higher correct response rate than the 1999 international upper grade 

average of 26 percent. Quiz Item 8, for Year 3, asked the students about the reason we 

can see the Moon and all children answered correctly. Quiz Item 8, for Year 6, tested 

whether the students could use knowledge of gravity and recognise that objects fall 

towards the centre of the Earth. This quiz item was designed for the 8th Grade students 

in TIMSS 2003. Therefore, it was very challenging for the pilot study Year 6 children 

who may not yet have received instruction about gravity. The percentage of correct 

responses to this item (66.7%) was marginally lower than the Australian Year 8 level 

(79%), and the international upper grade level (70%). That six of the nine Year 6 

children in this pilot study gave a correct response to this item indicated their good 

understanding of earth science for their age. The results from the pilot study also 

revealed that both Year 3 and Year 6 children have some misconceptions in the domain 

of earth science.  

In the section on physical science (Quiz Item 9 to Item 12), children were tested 

about their conceptual understanding of forces and motion, to be more specific, floating 

and sinking. Quiz Items 9, 10 and 12 were the same for both Year 3 and Year 6 

participants. Quiz Items 9 and 10 presented the students with pictures of three objects of 

the same shape and size floating and sinking in water. The students were asked to 
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compare the weight of the three objects. Only one Year 3 child and one Year 6 child 

gave an incorrect response to Quiz Item 9, and the same Year 6 child gave an incorrect 

response to Quiz Item 10. Quiz Item 11, for Year 3 children, tested whether they could 

recognise that the weight of an object does not change when its orientation on a scale is 

changed. Four of the seven Year 3 children selected the correct answer. The percentage 

of correct response to this item was 57.1 percent, lower than the 2003 Australian Year 4 

level (74%) and the 2003 international level (72%), which revealed that the Year 3 

children had difficulty understanding conservation of mass. Quiz Item 11, for Year 6, 

firstly presented a picture showing a block of wood floating in fresh water and then 

asked the students to make a prediction about the degree of flotation or sinking of the 

same block of wood in salt water. Four of the nine Year 6 children answered correctly. 

The percentage of correct response to this item was 44.4 percent, higher than the TIMSS 

international upper grade level, which was 34 percent in 1995. The result demonstrated 

that, though the concept of density was challenging for the Year 6 children, some had 

good understanding of flotation and sinking of the same object in different fluids. The 

Year 6 children had a better understanding than the Year 3 children on Quiz Item 12 

about flotation and sinking of ice cubes in water. Three of the seven Year 3 children and 

seven of the nine Year 6 children selected the correct answer and recognised that, 

regardless of their size, ice cubes float in water. The Year 3 children’s percentage of 

correct response to this item was 42.9 percent, higher than the 2007 international lower 

grade (Year 4) level (39%), but lower than the Australian Year 4 level (56%). 

In summary, we found that the twelve multiple-choice quiz items efficiently 

assessed children’s general understanding of scientific knowledge and revealed 

children’s misconceptions or alternative conceptions about some key concepts in life 

science, earth science and physical science. The survey included a range of items some 

easier and some more difficult for the pilot study participants. While some items were 
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answered correctly by all participants, we decided to keep these items as the pilot study 

school had a comparatively high socioeconomic status, and we anticipated that our case 

study schools with lower socioeconomic status may have students with less well 

developed science knowledge. The science survey provided useful information about 

the children’s understandings and misconceptions in these domains, which would 

enable further probing of children’s explanations in the interview. 

Implications of the Pilot Interview 

Due to the logistical problems of limited time and space available during the pilot study, 

the interview was conducted with six Year 3 children altogether after the administration 

of the science quiz. The interviews were conducted in the art room. Rapport between the 

researcher and the children was established by telling them that the researcher was 

interested in their ideas in science, that the interview was not a test and it wouldn’t be 

scored, nor would anyone else be told about their performance. The interview took 

approximately 30 minutes. To ensure that the children felt comfortable with the digital 

recorder, the interviewer firstly introduced the device to the children and then asked 

them to record their own voices for fun. During the interview, the digital recorder was 

placed in the middle of the desk around which the children were sitting. 

During the interview, the children showed great interest and enthusiasm for 

answering the questions. It seemed that the children almost forgot the existence of the 

digital recorder during the process of discussion. Informal discussion with the children 

before the interview revealed that they had just started to study earth science. Therefore, 

it was possible that the children would be able to express some scientific conceptual 

understandings of the Earth. 

Questions on the classification of living and non-living things indicated that the 

participating children understood that a cat, a bird, a fly, trees, grass and flowers are 

living, and a car, fire, the Sun, a cloud, a house and a table are not living. According to 
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the participating children, the living things “breathe”, “grow”, “drink”, “eat”, and 

“reproduce”, while non-living things don’t have these features.  

Questions on general facts about the Earth revealed that the participating children 

had a clear understanding of the shape of the Earth, what covers the Earth, and their 

location on the Earth. The researcher observed that children drew similar circles to 

represent the shape of the Earth, but they also drew different shapes inside the circle. 

The children’s knowledge of the shape of the Earth may have come from their textbooks 

or maps as one child explicitly told the researcher that she saw the shapes on a map. 

One child even mentioned that all the continents on the Earth used to be connected 

together and were separated by an earthquake, which indicated a simple understanding 

of plates drifting. Although a couple of children explicitly expressed that the Earth is a 

sphere, they seemed to be confused about how gravity works on people standing at 

different places on the Earth. Further questions about people standing on the top and 

bottom edge of the circle that the students had drawn, revealed that some thought there 

is an end, or an edge, to the Earth from which people could fall off, and people either 

live on the flat ground section of this flat Earth or deep inside the sphere. 

Interview questions that probed the participating children’s understanding of 

floating and sinking of various objects included pictures of the objects on a piece of 

paper. The objects were: an apple, a half A4 sized piece of drift wood, coins, a ship and 

a cardboard box. The interviews indicated that children appealed to weight and lightness 

when explaining whether an object floats or sinks in water. Many children responded 

that an object would sink if it has a hole in it, and they discussed the episode of the 

Titanic as an example to support their reasoning. 

In summary, the trial of interview questions on children’s conceptual 

understandings of living things and non-living things, the Earth, and floating and 

sinking indicated that these questions effectively stimulated the children’s thinking and 
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encouraged them to provide reasons for their thinking. The trial of interviews with 

children also indicated room for improvement in the following aspects. First, the 

logistical problems of time and space should be solved in order to guarantee the quality 

of the interview. It would be ideal if pairs of children participated in the interview rather 

than six children altogether at one time, as some children tended to change their ideas 

when they heard different opinions from their peers. Second, a couple of children had 

little communication with the researcher due to timidity and these children’s 

understandings were not revealed in the fullness that was required for this research. We 

decided it would be better if we gave a list of children to their teacher and asked them to 

recommend children who are more expressive and less likely to be too shy to share their 

ideas with others. Third, the recorded interviews revealed that these young children 

must be given sufficient time to think and the researcher should be careful to wait for 

the children to respond before moving on to another question. Finally, it would be ideal 

and more interesting if children could see and manipulate the real objects in the 

interview questions on floating and sinking. All these suggested improvements were 

incorporated into the interview protocol for the main case studies. 

Summary 

This chapter provided detailed information about the development of the science quiz 

and interview protocols that were used in the six school case studies. Information about 

the different approaches to consent to participate in the research were explained and 

justified. The findings from a pilot study of the science quiz and interview protocols and 

implications for the main case studies were elaborated. The next chapter, Chapter Three, 

is the first of a series of five chapters that are written as standalone research papers that, 

in turn, address the five research questions outlined in Chapter One. 
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Chapter Three  

Chinese and Australian Year 3 Children’s Conceptual Understanding of Science: 
A Multiple Comparative Case Study 

 

Abstract 

Children have formal science instruction from kindergarten in Australia and 

from Year 3 in China. The purpose of this study was to explore the impact 

that different approaches to primary science curricula in China and Australia 

have on children’s conceptual understandings of science.  Participants were 

Year 3 children from three schools of high, medium and low socioeconomic 

status in Hunan Province, central south China (n=135) and three schools of 

similar socioeconomic status in Western Australia (n=120). The students’ 

understanding was assessed by a science quiz, developed from past TIMSS 

science released items for primary children. In-depth interviews were carried 

out to further explore children’s conceptual understandings of living things, 

the Earth and floating and sinking. The results revealed that Year 3 children 

from schools of similar socioeconomic status in the two countries had similar 

conceptual understandings of life science, earth science and physical science. 

Further, in both countries, the higher the socioeconomic status of the school, 

the better the students performed on the science quiz and in interviews. Some 

idiosyncratic strengths and weaknesses were observed, for example, Chinese 

Year 3 children showed relative strength in classification of living things, and 

Australian Year 3 children demonstrated better understanding of floating and 

sinking, but children in both countries were weak in applying and reasoning 

with complex concepts in the domain of earth science. The results raise 

questions about the value of providing a science curriculum in early 

childhood if it doesn’t make any difference to students’ conceptual 

understanding of science. 
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Introduction 

Science learning starts from kindergarten in Australia because research has shown that 

young children can and do learn science and technology effectively (Bliss, 1995). It has 

been suggested that young children’s abilities to think abstractly and to design 

creatively may have long been underestimated (Australian Science Technology and 

Engineering Council, 1997). In comparison, primary science education begins later in 

China, at Year 3, due to curriculum developers’ firm adherence to Piaget’s stage theory 

(Yang, 2004; Yu, 1997; Zhong, 2002; Zhuang, 2001). This theory suggests that the 

capacity of formal reasoning develops in children from around the age of 11 years, 

marking the transition between the concrete-operational and formal-operational stages 

of development (Piaget & Inhelder, 1969). Thus, Chinese curriculum developers 

suppose that the abstract nature of many science concepts means the teaching of science 

to young children is unwarranted. The aim of this research was to explore the impact 

different approaches to primary science curricula in China and Australia have on 

children’s conceptual understandings of science.  

The rationale for the research arose from a recent reform agenda for the national 

primary science curriculum in China (Wei, 2008a, 2008b). There are plans to change the 

approach to science education in China to better reflect the hands-on and inquiry-based 

approach of other nations. There is also growing enthusiasm to introduce science 

education in early childhood (Chen, 2004a, 2004b). The Chinese Ministry of 

Education’s goal to internationalise the Chinese science curriculum faces two 

immediate challenges. First, the relative strengths and weaknesses of the current 

approach to the primary science curriculum with regard to developing children’s 

understanding of science are not well understood. Second, the interaction between 

curriculum and social and cultural aspects of primary classrooms in China also are not 

clear.  
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The different approaches to primary science curricula in China and Australia 

present a unique contextual opportunity to investigate primary children’s conceptual 

understandings of science and the impact the approach to curriculum has on their 

understandings. It is possible to explore whether Chinese Year 3 children are 

disadvantaged because they start their science education later than Australian children, 

and, conversely, whether the Australian Year 3 children have better conceptual 

understanding of science due to their extended experiences in school science. 

The educational significance of this research is that it provides concrete information 

to curriculum developers and teaching practitioners about the impact of a science 

curriculum in early childhood. For example, for Chinese curriculum developers it will 

provide information about if and how Chinese children are at a disadvantage due to the 

lack of science curriculum in kindergarten, Year 1 and 2, and thus inform curriculum 

reform. For Australian practitioners, it will provide insights into the quantitative and 

qualitative outcomes of the approaches to early childhood science education in this 

country compared with the outcomes of no such curriculum. Beyond the two countries 

directly involved in the study, the research will give educators from countries around 

the world information about the impact of different approaches to early childhood 

science education and to analyse and speculate about early childhood science education 

in their own contexts.  

Chinese Primary Science Curriculum 

Since 1903, when western science educational ideology was first brought to China, 

primary science education has undergone considerable changes being influenced by 

Dewey’s Pragmatism in the 1920s and Marxist educational ideology in the 1950s (H. Li, 

2004). In the late 1950s and 1960s the official Primary Nature Syllabus was integrated 

with Chinese language, but the vast majority of Chinese language teachers refused to 

take responsibility for teaching Nature. As a consequence, the syllabus included science 
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content for upper primary only. Since then, the Nature or Commonsense subject has not 

been available for lower primary children (H. Li, 2004).  

It was not until the early 1980s that the nature curriculum in China was reoriented 

and new textbooks were edited to echo reform from traditional teacher-centred models 

to more hands-on activities (H. Li, 2004). In 1992, a new Primary Nature Syllabus 

came into being, clarifying the scope of content and competence requirements for 

children at different developmental stages. In 2001, the Science Curriculum Standard 

(3-6 Grade) for Full-time Compulsory Education was issued (H. Li, 2004). 

This current Chinese curriculum is underpinned by a student-centred, inquiry-based 

rationale. Children are supposed to understand basic concepts, think critically, maintain 

curiosity and love science and nature (Curriculum and Teaching Materials Research 

Institute, 2001). There are three content strands, namely World of Living Things, World 

of Materials, and Earth and Beyond. The scope of the curriculum is expressed as a 

general expectancy for the end of primary school but is not specific for each year. In 

terms of distribution of concepts, the curriculum lists 123 science concepts in total, of 

which more than a half are allocated to the World of Materials, about a quarter to the 

World of Living Things, and the remainder to Earth and Beyond.  

While the current Chinese curriculum has a student-centred, inquiry-based rationale, 

concerns have been expressed about the reality that Year 1 and Year 2 children are not 

included in this curriculum, and science is often not considered as important as the core 

subjects, namely, Chinese, Mathematics and English. Commentators suggest the 

outcomes of science learning have to be further clarified and clearly stated by year 

levels of schooling (Wei, 2008a). In 2008, the National Primary Science Curriculum 

Board was appointed by the Ministry of Education to amend the current curriculum with 

regard to the scope of the curriculum, concept distribution, and specific outcomes of 

science learning in each year of schooling. The aim of the reform is to make the 
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curriculum consistent with recent trends in international science education (National 

Primary Science Curriculum Board, 2008).    

Australian Primary Science Curriculum 

Similar to China, a recognisable primary school science movement existed over the past 

century in Australia, the aim of which was to incorporate comprehensive science 

courses in primary school programmes. This movement existed not only for the obvious 

reason that science was becoming more and more important in the surroundings of the 

individual, but also because science was seen to be important in the emotional education 

of the individual and the social need for a scientifically literate population (Merrilees, 

1957). In contrast with China where there is a national science curriculum at the time of 

data collection, primary science curricula in Australia were set down by the education 

departments of each of the six state governments and two territories. From 2012 a 

national curriculum was being implemented.   

This research focused on the primary science curriculum in Western Australia (WA) 

as the research was conducted in this state. The most recent Curriculum Framework in 

WA (Curriculum Council Western Australia, 1998) was designed for children from 

kindergarten to Year 12, aiming to empower them to be questioning, reflective and 

critical thinkers. The Curriculum Framework includes ‘working scientifically’ and 

‘understandings concepts’ as the two broad overarching categories of learning outcomes 

for science (Curriculum Council Western Australia, 1998). The primary curriculum 

consists of four main content outcomes, namely, Earth and Beyond, Energy and Change, 

Life and Living, and Natural and Processed Materials. Concepts in the curriculum are 

distributed relatively evenly across the four strands with about 10% more listed under 

Life and Living.  

The number of hours per week allocated to mathematics and science is a school-

level decision. Data from Trends in Mathematics and Science Study (TIMSS) 2003 
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indicate that Australian Year 4 students spent an average of five percent of instruction 

time on learning science, in which life science takes up 40 percent, earth science 30 

percent, and physical science 20 percent (Thomson & Fleming, 2004). The annual 

report released by the Organization for Economic Co-operation and Development 

(OECD, 2009) concluded that for Australian children aged 9-11, science lessons take up 

three percent of classroom time. For children aged 12-14, eight percent of time is spent 

on science. Moreover, examination of the time allotments to primary science in the 

implemented school curriculum showed that schools in all states allocated, on average, 

less than two hours per week (Goodrum, Hackling, & Rennie, 2001). Goodrum et al. 

(2001) provided evidence that science has been a minor constituent of the primary 

school program in Australia. One possible explanation for the low amount of time 

dedicated to core subjects such as science is the flexible curriculum, where schools 

decide the length of time to be allocated to compulsory content (Tillett, 2009). 

Recently, the Australian government has established the National Curriculum 

Board (NCB) which was responsible for developing the national curriculum for all 

children from kindergarten to Year 10, including mathematics and science, which will 

be implemented from 2012 (Quinton, 2008). The NCB aims to pursue a common 

national goal for developing children's science competencies. The national science 

curriculum represents a fundamental shift in the approach to teaching science from a 

focus on facts to inquiry and investigation. It also proposes that science education start 

in early childhood and primary science focus on recognising questions that can be 

investigated by children (Ferrari, 2008). The benefits of the national science curriculum 

are claimed to be improvements in content organisation, student assessment, relevance 

to children and time allocation for science classes in different stages of schooling 

(Quinton, 2008).  
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Research on Children’s Understandings of Science in China and Australia 

There is a significant body of research into primary children’s ideas about science in 

Australia. This research mainly focuses on the alternative conceptions that interfere with 

children’s learning across a range of science topics, such as floating and sinking (Moore 

& Harrison, 2004), heat and temperature (Harrison, Grayson, & Treagust, 1999), the 

moon (Hickey, 2007; Venville, 2007), evaporation (Tytler, Prain, & Peterson, 2007), 

magnetism (D. Anderson, Lucas, & Ginns, 2000), electrical circuits (Fleer, 1994; 

Georghiades, 2006) and living and non-living things (Venville & Donovan, 2007). This 

research generally documents children’s understandings of abstract concepts in a 

specific science domain. Basic research methods utilised include class observation, pre-

instructional and post-instructional interviews and discourse analysis. A number of 

‘conceptual change’ approaches to science teaching and learning have been described 

and studied, most of which are based on the ideas of alternative conceptions (Baddock 

& Bucat, 2008; Moore & Harrison, 2004; Venville, 2007; Venville & Donovan, 2007), 

conceptual restructuring (Baddock & Bucat, 2008) and representational modes (Tytler, 

et al., 2007). All conceptual change approaches to teaching and learning involve 

exploring and challenging children’s prior ideas, establishing the science ideas and 

extending these ideas to a range of phenomena (Campbell & Tytler, 2007). There has 

also been considerable research in recent years on other aspects of children’s learning in 

science, including reasoning, motivational factors, children’s views of themselves as 

learners and creative thinking (Dawson & Venville, 2007).  

In China, there is comparatively little research on primary children’s 

understandings of basic science concepts, though this research has gained popularity in 

recent years. From the perspective of Piaget’s stage theory and cognitive development, 

researchers (F. G. Li, 2007; H. J. Luo, 2006; Luo, Wang, & Liang, 2009; Y. W. Luo, 

2006; Xiang, 2006; Q. M. Zhang, 2006) conducted case studies of young children’s 
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understandings of floating and sinking (H. J. Luo, 2006), lever balance (Q. M. Zhang, 

2006), simple harmonic motion (Xiang, 2006), expansion and contraction (Y. W. Luo, 

2006), pressure (F. G. Li, 2007), friction (Wan, 2007) and force and motion (Luo, et al., 

2009). In these recent studies, researchers compared primary children, who have not yet 

received formal instruction on the above concepts, with early secondary children and 

attempted to identify the difficulties children would meet in understanding those 

concepts. The main themes emerging from these studies are that children’s 

understandings of a certain concept depends on their familiarity with the context and 

their own experience and it is not advisable to introduce children to abstract concepts or 

unfamiliar contexts before they enter the concrete operational stage (Xiang, 2006). 

The most comprehensive international assessment of primary children’s conceptual 

understanding of science is the Trends in Mathematics and Science Study (TIMSS). 

TIMSS is an international collaborative research project sponsored by the International 

Association for the Evaluation of Educational Achievement (IEA). It aims to help 

participating countries and nations to improve the teaching and learning of mathematics 

and science (Mullis, et al., 2005). TIMSS testing started with more than 40 countries in 

1995 with further rounds in 1999, 2003 and most recently, 2007. Australia has been a 

participant in TIMSS since 1995 and the past results show that Australia has 

consistently been above the international average benchmark with a stable performance 

in the last decade. Mainland China has not yet participated in TIMSS.  

 

 



65 
 

Method 

Purpose and Research Questions 

The purpose of this research was to explore the impact that different approaches to 

primary science curricula in China and Australia have on children’s conceptual 

understandings of science. The beginning of Year 3 was considered the appropriate time 

in primary school to conduct the research because children in China have not yet 

received any formal science instruction and children in Australia have received a 

minimum of two years of science instruction. The research questions were: 

a. What are Chinese Year 3 children’s conceptual understandings of science? 

b. What are Australian Year 3 children’s conceptual understandings of science? 

c. How do Chinese and Australian Year 3 children’s conceptual understandings 

of science compare? 

Research Design 

Due to the vast size of both China and Australia and the resources available, the most 

appropriate design for this research was a multiple comparative case study (Yin, 2003). 

A multiple comparative case study involves more than a single case and follows 

“replication logic” (Yin, 2003, p. 47). The data were collected through a mixed methods 

approach (Creswell, 2003; Punch, 2005). Yin (2003) developed a multiple case study 

protocol with specific phases in the study process. The four phases in this research 

included: (1) selecting cases, (2) data collection, (3) data analysis and preparation of 

case reports, and (4) cross case analysis. Each of these phases of the research is 

described in the following sections. 
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Phase 1: Selecting cases 

Phase 1 of the research involved the careful selection of six case study schools, three in 

Hunan Province, China and three in the State of Western Australia (WA). In order to 

facilitate the comparison of case studies, pairs of similar schools were selected in 

various educational and socioeconomic settings.  

In both countries, a school with high socioeconomic status was selected in an urban 

area; a school with medium socioeconomic status was selected in a suburban area; and, 

a school with low socioeconomic status was selected in a rural area. The socioeconomic 

status of all Australian schools is estimated through a metric called Index of Community 

Socio-Educational Advantage (ICSEA) and is made public through the Australian 

federal government’s ‘My School’ website (http://www.myschool.edu.au). Such 

information is not available in China, however, reports from the Institute of Population 

and Labour Economics, Chinese Academy of Social Sciences (F. Cai & Bai, 2006; F. 

Cai & Wan, 2006) show that since the reform and opening-up policy in 1978, great 

changes have taken place in China’s economy and socio-specialisations. Over this 

period, China transferred to a market economy from the previous planned economy, 

economic resources were allocated to meet the demands of the market; thus inequality 

emerged in people’s incomes. In selecting the case study schools, considerable attention 

was given to the location of the schools and the typical parental occupation as described 

in the following paragraphs. This selection process resulted in participating students in 

the paired school case studies having similar resources available to them, thus 

improving the legitimacy of cross-case analysis. 

Case Study 1 in China (C1) consisted of 51 Year 3 children from a primary school 

attached to a prestigious university in Changsha, the provincial capital city. Similarly, 

Case Study 1 in Australia (A1) consisted of 34 Year 3 children from a primary school 

situated next to the campus of a prestigious university in the City of Perth. As a 
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consequence, participating students in both schools were children of academic parents 

or parents in professional fields in the high socioeconomic areas surrounding the 

universities. Both schools are fully government funded. Being located in an inner-city, 

urban location, students and teachers in both schools had considerable access to 

facilities that support education such as museums, municipal libraries, science centres, 

and cultural and international events.  

Case Study 2 in China (C2) consisted of 37 Year 3 children from a primary school 

in a suburban area where participating students’ parents mainly work for small and 

medium-sized enterprises and public institutions. Similarly, Case Study 2 in Australia 

(A2) consisted of 37 Year 3 children from a primary school located in an outer suburb 

of Perth. Children attending this school generally come from nearby middle income 

socioeconomic families. Both schools are government funded with a small financial 

contribution from the students’ parents. The financial contribution from parents results 

in both schools being well resourced and principals of both schools reported active 

participation and interest from parents in the students’ education.  

Case Study 3 in China (C3) consisted of 47 Year 3 children from a primary school 

located in a rural town on the outskirts of the city. Most students live in the immediate 

locale and their parents are farmers. Similarly, Case Study 3 in Australia (A3) consisted 

of 49 Year 3 children from a primary school located in a semi-rural town south of Perth 

in an area that is surrounded by pastoral land for stock raising with some mining 

industry. Principals of both schools reported that children generally come from 

comparatively poor families and the schools experience associated issues such as poor 

attendance and lack of access to resources. 

The three Chinese primary schools are coeducational and cater for students from 

Year 1 to Year 6. The three Australian primary schools are co educational and cater for 

students from kindergarten to Year 7. All schools were known to the researchers 
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through professional associations. Additional criteria for the selection of the Australian 

schools were that they had a documented science curriculum and that the teachers were 

actively teaching science in early childhood. Interviews with principals and teachers, 

classroom observation and collection of teaching programs confirmed the active 

participation of the three Australian schools in science. The teachers reported, and 

classroom observations confirmed, that science tended to be strongly integrated with 

other subjects, especially literacy, and was allocated approximately one hour of class 

time per week in each of the schools. 

The children’s mean ages at the time the case studies were conducted are presented 

in Table 3.1. All case studies were conducted in the first school term of Year 3. 

However, the Chinese children were on average about five months younger than the 

Australian children due to an earlier school starting age. 

Table 3.1 Participating Chinese and Australian Year 3 Children's Mean Ages 

Chinese 

Schools 

N Mean Age SD Australian

Schools 

N Mean Age SD 

C1 51 8.04 0.45 A1 34 8.53 0.62 

C2 37 7.89 0.39 A2 37 8.51 0.51 

C3 47 7.96 0.46 A3 49 8.33 0.69 

Total 135 7.97 0.44 Total 120 8.44 0.62 

 

Phase 2: Data collection 

Phase 2 of the research involved data collection in each case study school, including a 

science quiz, student and teacher interviews, classroom observation and document 

collection. In this paper, only data from the science quiz and student interviews are 

reported. A science quiz was developed from past TIMSS science released items and 

administered to Year 3 children in China and Australia to determine children’s general 

understanding of science.  
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The science quiz consisted of 12 multiple choice items in total with three items in 

each content domain, namely, life science, earth science and physical science (Appendix 

B and C). All items were taken from TIMSS Science for lower grades (Year 4) except 

for one item that was taken from TIMSS Science for upper grades (Year 8). The first 

four items tested children’s classification of living things and non-living things, their 

understanding of heredity, and their factual knowledge of plants. Items 5-8 tested 

children’s conceptual understanding of the Earth’s structure, its motion in the solar 

system and the Moon. The final four items tested the children’s reasoning about floating 

and sinking, and their understanding of conservation of mass. The English version of 

the TIMSS test was available from the TIMSS official website (http://timss.bc.edu/). 

The Chinese version of the TIMSS test, released by the Science Education Centre of 

National Taiwan Normal University (http://www.sec.ntnu.edu.tw/NSC/TIMSS/TIMSS.htm), 

was modified to use the simplified Chinese characters that are standard in mainland 

China. Both English and Chinese quiz items were trialled with a small sample of non-

participating Year 3 children prior to the case studies.  

Face-to-face interviews with about six children representing high, average and low 

achievement on the science quiz were conducted in each case study school to further 

probe their conceptual understandings of scientific phenomena. The interview protocols 

(Appendix D, E, F) included questions about the shape of the Earth, gravity, day and 

night cycle, and seasons that followed the protocol developed by Vosniadou and Brewer 

(1992, 1994); questions about living and non-living things that followed the protocol 

developed by Piaget (1929) and Venville (2004); and questions about objects floating 

and sinking that followed the protocol developed by Piaget (1930). In China, the 

interviews were conducted in Mandarin and in Australia, the interviews were conducted 

in English by the researcher who is fluent in both Mandarin and English and is a 

qualified Mandarin/English translator. The interviews were conducted with pairs of 
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students to help them relax and to facilitate the conversation style of the interview. All 

interviews were audio recorded and transcribed.  

Phase 3: Data analysis and preparation of case reports 

Scoring of the science quiz involved allocating one point for the correct answer for each 

item. The maximum score for the quiz was 12 and the minimum was zero. Individual 

case reports were prepared and provided to the principals of each case study school. All 

quiz data were entered into Statistical Package for the Social Sciences (SPSS) and Excel 

software. Descriptive statistics were generated for each case, interpreted and compared 

with the available international data. Student interviews were fully transcribed and read 

several times to ascertain general themes that emerged from the interview discourse 

prior to the cross case analysis. 

Phase 4: Cross case analysis 

This paper presents the cross case analysis that involved conducting one-way between 

groups analysis of variance (ANOVA) to compare the science quiz scores of the three 

case study schools within China and Australia, as well as independent sample t tests to 

investigate the statistical differences in science scores of the paired Chinese and 

Australian schools. The descriptive statistics from individual case studies as well as the 

cross-case comparisons were scrutinised for patterns. This was followed by an 

exploration of the qualitative interviews for evidence that further explained the patterns 

in the quantitative data.  

Trustworthiness 

TIMSS Science for fourth grade assessed children’s general understanding of life 

science, physical science, and earth science and their cognitive dimensions, that is, 

knowing, applying, and reasoning. TIMSS Science assessment framework was a 
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product of an extensive collaboration of science educators and experts from more than 

60 countries, involving input from the TIMSS National Research Coordinators, 

reviewing by the TIMSS Science and Mathematics Item Review Committee (SMIRC), 

and further updating by the International Association for the Evaluation of Educational 

Achievement (IEA) and TIMSS technical groups to maintain the validity and reliability 

of the assessment (Olson, et al., 2008). TIMSS Science adopted two question formats: 

multiple choice and constructed response. Pilot studies on a small number of Year 3 

children suggested that young children had difficulty explaining phenomena or 

interpreting data in clear and concise written language. Therefore, only multiple choice 

questions were adopted for the science quiz in this study. 

In order to ensure the validity of the quantitative data and to enable a more in-depth 

exploration of the children’s understanding of science, qualitative interviews were 

conducted. This combination of quantitative quiz and qualitative interview enhanced the 

rigour of the research through triangulation of methods (Creswell, 2003).   

Findings 

Science Quiz 

The mean scores of the Chinese case study schools and those of their counterparts in 

Australia are displayed in Table 3.2 and Figure 3.1.  

Independent sample t tests at α = .05 of the mean science quiz scores between C1 

(n= 51) and A1 (n=34), C2 (n=37) and A2 (n=37), C3 (n=47) and A3 (n=49) were not 

statistically significant, with p = .540, p = .247 and p = .116, respectively.  

Within the Chinese schools, the ANOVA was statistically significant, indicating 

that the science quiz scores varied considerably between the case study schools, F (2, 

132) = 18.73, p < .05, η2 = .221. Post hoc analyses with Bonferroni (using an α of .05) 

revealed that C3 (M = 5.30, SD = 1.57) had a significantly lower mean science score 
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than C1 (M = 7.37, SD = 2.09) and C2 (M = 6.76, SD = 1.21). There was no significant 

difference in science scores between C1 and C2.  

Within the Australian schools, the ANOVA was statistically significant, F (2, 117) 

= 10.67, p < .05, η2 = .154. Post hoc analyses with Bonferroni (using an α of .05) 

revealed that A1 (M = 7.65, SD = 1.91) had a significantly higher mean science score 

than A2 (M = 6.32, SD = 1.90) and A3 (M = 5.82, SD = 1.63). There was no significant 

difference in mean science scores between A2 and A3. 

Table 3.2 Year 3 Children's Mean Scores on the Science Quiz 

Chinese Schools N Mean 

Score 

SD Australian 

Schools 

N Mean 

Score 

SD 

C1 (high SES) 51 7.37 2.09 A1 (high SES) 34 7.65 1.91 

C2 (med SES) 37 6.76 1.21 A2 (med SES) 37 6.32 1.90 

C3 (low SES) 47 5.30 1.57 A3 (low SES) 49 5.82 1.63 

Total 135 6.48 1.92 Total 120 6.49 1.94 

Note: SES = socioeconomic status, med = medium 

 

 

Figure 3.1 Chinese and Australian Year 3 Children's Mean Scores on the Science Quiz 
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In summary, the results of the science quiz showed that in both countries the 

schools of high socioeconomic status (C1 and A1) had the highest mean score, followed 

by the schools of medium socioeconomic status (C2 and A2) and then the schools of 

low socioeconomic (C3 and A3). Moreover, the variation in mean science scores was 

larger within the schools of different socioeconomic status within the same country than 

variation in mean scores between schools of similar socioeconomic status in the 

different countries.  

Children’s Understandings of Life Science 

Quiz Items 1 to 4 probed children’s understandings of life science. Quiz Items 1 and 2 

focused on the types, characteristics, and classification of living things. Quiz Item 3 

asked children what caused a person to be born with curly hair or straight hair. Quiz 

Item 4 probed children’s understanding of where plants get energy to make food. 

Details of percentages of correct responses to Quiz Items 1 to 4 in all six cases are 

presented in Table 3.3.  

Children’s correct responses to these items suggest that Chinese children had higher 

percentages of correctness in Quiz Items 1, 3 and 4 compared with their Australian 

counterparts. In China, the children from the low socioeconomic schools outperformed 

the children from other schools in Quiz Items 1 and 4. In Australia, the school’s 

socioeconomic status predicted children’s performance across these four items. 
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Table 3.3 Percentages of Year 3 Children's Correct Responses to Quiz Items 1-4 

(life science) 

 Percentages of correct responses (%) to Quiz Items 1-4 

                        

                       Concept 

Q1  

Living/non-

living 

Q2

Living/non-

living 

Q3

Inheritance of 

curly hair 

Q4 

Plant energy 

for food 

Chinese children     

C1 (n=51) 86.3 90.2 78.4 31.4 

C2 (n=37) 83.8 83.8 48.6 45.9 

C3 (n=47) 87.2 72.3 34 53.2 

Total (n=135) 85.9 82.2 54.8 43

Australian children     

A1 (n=34) 97.1 100 67.6 47.1 

A2 (n=37) 81.1 94.6 43.2 18.9 

A3 (n=49) 71.4 71.4 36.7 10.2 

Total (n=120) 81.7 86.7 47.5 23.3 

TIMSS International 

average for Year 4 

63 N/A N/A N/A 

Note. N/A = not available 

The percentages of correct responses of Year 3 children from all six cases on Quiz 

Item 1 were higher than the 1995 international average (63%) for the lower grade (Year 

4). The results of quiz items on classification of living things and the in-depth 

interviews suggested that children were able to apply various criteria to distinguish 

living things from non-living things. However, several children attributed life to things 

that have function and these children’s responses fall into Piaget’s First Stage of pre-

operational thought (1929).  For example, 

Researcher  Why do you think the Sun is living?
StudentC3  It dries our clothes and heats the water.
Researcher Why is fire living?
Student C3  It helps us to boil the water.
Researcher Why is a car living?
Student C3  It takes us to other places.
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Researcher Why do you think the Sun is living?
StudentA2  Because it changes life and helps everything  

on the Earth. 
Researcher Why is fire living?
Student A2  It helped the first Australians to cook.

 

Moreover, several Chinese and Australian children from the rural schools 

mentioned that they had experiences of growing plants. For example, 

Researcher How do you know that trees are living?
Student C3  I’ve planted chili trees before and I watered  

them every day. 
 

Researcher Did you plant anything?
Student A 3  Yes, in the kindergarten. I grew flowers.

 

Generally speaking, both Chinese and Australian children’s understandings of 

living things were consistent with previous research by Carey (1985), Inagaki and 

Hatano (2002), and Zhang and Fang (2005a). During the interview, children from both 

countries most commonly used movement, but also need for food and water and body 

parts as reasons for attributing life to animals such as a cat, bird and fly and growth and 

needing sunlight, soil and water for attributing life to plants such as trees, flowers and 

grass.  

In answering the quiz item about where plants get energy to make food, more 

Chinese children (43%) selected the correct answer ‘sunlight’ than the Australian 

children (23.3%). Australian children were more likely to select the incorrect responses 

of ‘soil’ or ‘water’. In-depth interviews with children revealed that the Australian 

children tended to correctly understand that tree roots could take in the nutrients and 

water from the soil, but incorrectly believed trees made food with their roots. 
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Children’s Understanding of Earth Science 

Quiz Item 5 to Item 9 probed children’s understanding of earth science. Quiz Item 5 

asked children about what covers most of the Earth’s surface. Quiz Item 6 and 7 focused 

on the causes of day and night and seasons on the Earth respectively. Quiz Item 8 asked 

why we can see the Moon. Details of percentages of correct responses to Quiz Items 5 

to 8 in all six cases are presented in Table 3.4. Percentages of correct responses to these 

items revealed that Year 3 children from all six cases had misconceptions in the domain 

of earth science. As children at this stage in both countries have not yet received formal 

instruction about the Earth, their knowledge of the Earth probably came from cultural 

sources such as parents, television, books, and globes that they may have seen.  

When answering Quiz Item 5, more than half of the children from all six cases gave 

the correct answer ‘water’. Slightly more Chinese children selected the incorrect 

response ‘cities and towns’. During the in-depth interviews, children were asked 

‘What’s the shape of the Earth?’; ‘Can you draw a picture of the Earth?’; ‘Can you 

stand on top/bottom/sides/of the Earth?’, and ‘Will you fall off?’. These questions 

helped us to identify how children conceptualised the Earth, for example, as a sphere or 

as flat ground. It was found that across the six case studies, the majority of children had 

a ‘Disc Earth’ concept, quite a few children had a ‘Hollow Sphere’ concept, and several 

children appeared to demonstrate a ‘Spherical Earth’ concept. These findings were 

consistent with previous research by Vosniadou and Brewer (1992, 1994). 
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Table 3.4 Percentages of Year 3 Children's Correct Responses to Quiz Items 5-8  

(earth science) 

 Percentages of correct responses (%) to Quiz Items 5-8

 

                    Concept 

Q5 

Surface of the 

Earth 

Q6

Cause of 

day/night cycle

Q7

Cause of 

seasons 

Q8 

Moon 

Chinese Schools     

C1 (n=51) 58.8 41.2 17.6 82.4

C2 (n=37) 56.8 18.9 40.5 73 

C3 (n=47) 46.8 21.3 21.3 23.4

Total (n=135) 54.1 28.1 25.2 59.3

Australian Schools     

A1 (n=34) 67.6 17.6 47.1 50 

A2 (n=37) 70.3 27 13.5 21.6

A3 (n=49) 67.3 24.5 24.5 34.7

Total (n=120) 68.3 23.3 27.5 35 

TIMSS International 

average for Year 4 

N/A 39 N/A N/A

Note. N/A = not available 

 

When answering what causes day and night on the Earth, children from C1 

outperformed the other schools in the percentage of correctness to this item, with 41.2 

percent selecting the correct answer ‘the Earth turns on its axis’. The percentage was 

slightly higher than the 1995 TIMSS international average (39%) for the lower grade 

(Year 4). Children’s explanation of the day and night cycle depends on how they 

conceptualise the Earth, the Sun and the Moon (Vosniadou & Brewer, 1994). Therefore, 

during the in-depth interviews, in addition to the question ‘Why do we have day and 

night?’, children were also asked whether the Earth, Sun, and Moon rotate and how they 

rotate. 

Interviews with children revealed that in both countries a prevailing concept of the 

cause of the day/night cycle is the Sun and Moon’s movement around the Earth. 
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Children observe the appearance of the Sun in the daytime and the appearance of stars 

at night. The Moon is less obvious when in the sky during the day and children tend to 

notice its bright appearance when it is visible in the night sky. The following interview 

excerpts support this finding. 

Researcher Why do we have day and night on the Earth?
StudentC2  It’s night if there is no sunlight. When the Sun comes 

out, it’s the daytime, and when the Moon covers the 
Sun, it’s night. 

 
 

Researcher Why do we have day and night on the Earth?
StudentC3  It’s daytime when the Sun comes out and it’s night 

when the Moon appears. 
 
 

Researcher Why do we have day and night on the Earth?
StudentA1  Well, I reckon the Moon and the Sun go around or go 

backward. 
 

Another prevailing concept was the Earth’s rotation around the Sun, for example: 

 
Interviewer  Why do we have day and night on the Earth?
StudentA1  Because the Earth circles around the Sun, half bits of 

the Earth gets the Sun and the half bits get darkness. 
 

Most children were not sure about the rotation of the Earth, the Sun and the Moon. 

Some thought the Sun and Moon stayed in the sky, and the Earth stayed in the middle 

and rotated; others explained that the Earth rotated around the Moon, and the Moon 

rotated around the Sun. 

Australian children were more likely to explain that day and night on Earth helped 

people to get sleep, as demonstrated by the following interview excerpts. This 

association was consistent with Piaget’s (1929, p. 292) descriptions of teleological and 

precausal thinking. 

 
Researcher Why do we have day and night on the Earth?
StudentA2  Well, you have to go to sleep and you can’t just 

stay up, because you will get really tired. 
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Quiz Item 7, which probed the children about a reason for seasons on the Earth, 

was selected from the TIMSS 1995 Science for Year 8 students and was more 

challenging for Year 3 children. Most children in both countries responded incorrectly 

to this item. Children from A1 outperformed the other cases in the percentage of 

correctness on this item, with 47.1 percent giving the correct answer, ‘the Earth’s axis is 

tilted’. Children tended to select the incorrect answer ‘the Sun rotates on its axis’, or 

‘the Sun’s axis is tilted’. Further interviews on this topic suggested that many children 

were not sure about the answer to this question. Some children thought it might be 

because of “rainbows”, “dark clouds” or “the Moon”; others believed that it might be 

caused by the Sun revolving around the Earth. A few Australian children explained that 

we have seasons on Earth because humans and plants need them, an idea which also 

falls into the category of teleological and precausal thinking (Piaget, 1929). 

Children’s Understanding of Physical Science 

In the section on physical science from Quiz Item 9 to Item 12, children were tested 

about their conceptual understanding and reasoning about forces and motion. Quiz 

Items 9 and 10 presented children with pictures of three objects of the same shape and 

size floating and sinking at different levels in water. Children were asked to compare 

the weight of the three objects. Quiz Item 11 tested whether children could recognise 

conservation of mass when an object’s orientation on a scale is changed. Quiz Item 12 

focused on the flotation and sinking of ice cubes of different sizes in water. Percentages 

of correct responses to Quiz Items 9 to 12 in all six cases are presented in Table 3.5. 
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Table 3.5 Percentages of Year 3 Children's Correct Responses to Quiz Items 9-12 

(physical science) 

 Percentages of correct responses (%) to Quiz Items 9-12 

 

                    Concept 

Q9

Floating/sinking 

objects 

Q10

Floating/sinking 

objects 

Q11

Conservation 

of mass 

Q12 

Floating ice 

cubes 

Chinese Schools     

C1 (n=51) 82.4 72.5 62.7 33.3 

C2 (n=37) 94.6 51.4 70.3 8.1 

C3 (n=47) 74.5 44.7 34 17

Total (n=135) 83 57 54.8 20.7 

Australian Schools     

A1 (n=34) 94.1 85.3 44.1 47.1 

A2 (n=37) 91.9 86.5 56.8 27

A3 (n=49) 95.9 89.8 38.8 16.3 

Total (n=120) 94.2 87.5 45.8 28.3 

TIMSS International 

average for Year 4 

N/A N/A 72 39

Note. N/A = not available 

Most Australian children gave the correct responses to both Quiz Item 9 and Item 

10, with slight differences among children from A1, A2 and A3. However, the 

percentages of correctness varied considerably among children from C1, C2 and C3. 

Only half of the Chinese children responded correctly to Item 10. Slightly more Chinese 

children selected the correct answer to Quiz Item 11. Chinese children from C2 

outperformed the other cases with the highest percentage of correctness (70.3%), which 

was close to the 2003 TIMSS international average (72%) for lower grade (Year 4). 

About a third of children from C3 and A3 gave the correct answer. This result revealed 

that Year 3 children from schools of low socioeconomic status were relatively weak in 

understanding conservation of mass compared with children from the schools of high 

and medium socioeconomic status. 
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Australian children from A1 had the highest percentage of correctness (47.1%) on 

Quiz Item 12, which was higher than the 2007 TIMSS international average (39%) for 

the lower grade (Year 4). The percentage of correct response from C1 (33.3%) was 

slightly lower than the international level. Fewer children from C2 and C3 responded 

correctly to this item (Table 3.5). In-depth interviews on floating and sinking of objects 

of different materials, sizes and shapes revealed that Chinese children were more likely 

to appeal to felt weight. For example, 

Researcher What would happen if we put a drawing pin in water? 
StudentC1 It would float.
Researcher Why?
StudentC1  It’s made of plastic and it’s very light, like the air, you 

can’t feel any weight.  
 

Researcher What would happen if we put a drawing pin and a one-
yuan coin in water? 

StudentC2 The coin would sink and the drawing pin would float. 
Researcher Why?
StudentC2  Because the coin is heavier than the drawing pin.  

 

Researcher What would happen if we put a one-jiao coin in water? 
StudentC3 It would float.
Researcher Why?
StudentC3  Because it’s small and light. 

 

Some Australian children mentioned the weight of an object compared to that of 

water. For example, 

Researcher What would happen if we put a one-dollar coin and a 
10-cent coin in water? 

StudentA1 I think it depends on how much water there is. If there 
is a little water, lighter than the coins, they would sink. 

 
In addition, some children who had received relevant instruction had strengths in 

reasoning of object’s floating and sinking. For example, 

Researcher What would happen if we put an apple in water? 
StudentA2 Well, it would float if it’s not peeled, but if it’s 

peeled, it would sink. I knew that experiment when I 
was in Year 2. 
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During the interviews it was evident that children from both countries used similar 

criteria to determine if an object would float or sink when put in water. For example, 

children from both countries said an object would float if it is light, if it is made of a 

certain material such as wood, if it is small or if it has air in it. Children from both 

countries said an object would sink if it is heavy, if it is made of certain materials such 

as metal, if it doesn’t have air in it and if it has a certain shape such as “big and thick”.  

However, no children from either country were able to combine both weight and size to 

suggest density in their verbal reasoning during the interviews.  

Discussion 

The most striking feature about the data presented in this paper is the sameness of the 

profile of the Chinese and Australian Year 3 children’s understanding of science as 

represented by their responses to the science quiz and the interviews (Figure 3.2).  

Figure 3.1 shows that socioeconomic status of the school population is a better 

indicator of the conceptual understanding of the children than whether they have been 

exposed to a science curriculum or not. Despite a minimum of two years of science 

learning in Australia, these children did not show significantly better conceptual 

understanding of science compared with the Chinese Year 3 children who did not have 

any science curriculum during their early years of schooling. As researchers we had 

expected that the Australian students, having been exposed to a science curriculum for 

two years, to demonstrate better conceptual understanding of science. We had expected 

that the Chinese children would show comparatively poor understanding of key 

concepts due to their lack of schooling in science. The immediate question for 

discussion is, why? Why is it that the Australian children did not demonstrate any 

discernibly better conceptual understanding of science on the quiz and during interviews 

than the Chinese Year 3 children? 
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Figure 3.2 Percentages of Year 3 Children's Correct Response for Each Quiz Item 

 

One potential reason for the result is that the amount of time spent on science 

learning in early childhood education in the schools we investigated in Australia was 

not significant enough to make any difference to their conceptual understanding after 

the period of two years. While it was not possible for us to document the exact amount 

of time the participating children had been exposed to in science lessons during their 

early years of school, our interviews with teachers and observations in classrooms at the 

three Australian schools that took part in this study suggested that the science 

curriculum delivered in early childhood was well planned and met the requirements of 

the curriculum. Indeed, the criteria for the selection of the participating schools included 

that they had an explicit science curriculum and actively delivered science in the 

classroom. Goodrum, Hackling and Rennie (2001) reported that in Australian primary 
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schools on average, only 59 minutes per week are dedicated to the teaching and learning 

of science. Early childhood teachers are notoriously lacking in confidence when it 

comes to teaching science (Goodrum, et al., 2001) and it is likely that they may neglect 

this aspect of the curriculum given the many other important priorities at this stage of 

schooling such as literacy and numeracy (Goodrum, et al., 2001).  

A different way of looking at this is that the Chinese children may be exposed to 

sufficient science learning through informal media, such as their natural environment, 

television, and family excursions to science centres to compensate for their lack of 

formal schooling in science. This exposure to resources outside school that are likely to 

enhance science understanding also would help to explain the differences in conceptual 

understanding evident between the schools of differing socioeconomic status in both 

countries.  

Another potential explanation for the results may be that even if the children in 

Australia were exposed to sufficient time in science lessons to enhance their conceptual 

understanding, the quality of the teaching and learning activities may not have promoted 

the kind of learning that would result in conceptual change and hence their learning 

would not be evident in the type of quiz items and interview questions that we used for 

this research. Evidence has mounted that simply being exposed to scientific facts and 

information, or exploring and playing with scientific equipment, is not enough to bring 

about the conceptual understandings of science that were the focus of this research. For 

example, the use of analogies and models (Venville & Donovan, 2008; Venville & 

Treagust, 1996, 1997) has been reported to support conceptual change. Furthermore, 

while social interaction has long been recognised as a critical aspect of science learning 

(Cobern, 1998), it is conceptually focussed interactions between teacher and student that 

are more likely to foster conceptual change in science because these interactions result 

in students entering higher stages of reasoning beyond the descriptive (Havu-Nuutinen, 
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2005). Further, Southerland, Kittleson, Settlage and Lanier (2005) found that the 

persuasive power of the teacher was critical to shaping meaning making for young 

students. It is possible that the early childhood teachers who had the opportunity to 

contribute to the education of the Australian children we worked with did not have the 

specialised pedagogical content knowledge that would result in measurable conceptual 

learning in science. Early childhood educators in Australia are generalists, mostly with 

strengths in teaching literacy, not science education (Goodrum, et al., 2001). 

A further explanation of the results observed in this research may relate to Piaget’s 

theory that young children at this age are still thinking in precausal ways and this limits 

their ability to conceptualise in the science domain. Piagetian theory remains a strong 

and influential aspect of educational research in China (Yang, 2004; Yu, 1997; Zhong, 

2002; Zhuang, 2001). Strong arguments have been proposed, however, that it is 

problematic to limit the science curriculum based on the notion that children are unable 

to think in abstract or concrete ways (Metz, 1997). It is clear that many of the children 

in this study were not capable of thinking in concrete operational ways. In Quiz Item 11, 

the majority of children from both China and Australia were unable to conserve mass 

when the orientation of a brick on the scale was changed; most children from both 

countries selected the response that indicated the weight of the brick would change. It is 

possible that at this early stage of schooling it may be more educationally beneficial for 

the curriculum to focus on the habits of mind that the children have. In the UK, research 

has been conducted into the potential to teach Year 1 (5 and 6 year old) students 

thinking strategies representative of concrete operational thought patterns as a way of 

giving them better access to the regular science curriculum (Adey, Robertson, & 

Venville, 2002). The findings indicated that it is possible to teach students thinking 

skills representative of concrete operations, but the transfer effect into the regular 

curriculum is not evident after one year of the intervention (Adey, et al., 2002). 
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Limitations 

There are a number of limitations of this research. A small number of children in three 

case studies in China and Australia is not representative of all children in either of these 

countries and it is inappropriate to generalise the findings to the whole population. The 

findings and the careful selection of paired case studies, however, does give 

educationally important insights and several implications that are outlined in the next 

section. While interviews with teachers and principals and classroom observations were 

conducted and documents collected, the quality and quantity of the science instruction 

given to the participating Australian students over the two years of schooling prior to 

the data collection is impossible to verify. Hence an assumption of the study is that the 

Australian children were exposed to a science curriculum consistent with the state 

curriculum documents and comparable with the teaching and learning observed in the 

schools at the time of data collection.  

Implications 

The implications of this research for the pending curriculum reform in China are 

important. We found nothing in our research that would indicate that it is advantageous 

to include conceptual science outcomes in an early childhood curriculum. There is, 

however, further research to be conducted to give us a better understanding of the 

situation. Many questions arise from the findings of this research that are important to 

investigate. One of the questions that immediately arise is with regard to what happens 

to the conceptual understandings of older children. Does the grounding in early 

childhood science education in Australia place the students at an advantage in their 

science learning that becomes evident when they are older, for example, towards the 

end of primary school in Year 6 or Year 7? Alternatively, it might be that the Chinese 

children, who have not participated in a science curriculum in early childhood, are at an 

advantage because they have not developed instructionally induced misconceptions 
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about scientific phenomena that later become problematic for the Australian children. It 

would be helpful to answer these questions by extending this investigation to children in 

similar situations in the latter years of primary school. 

Another question that arises is with regard to the social and cultural factors that are 

at play in these vastly different countries. It is not evident from the data presented in this 

paper, if and how the cultural backgrounds of the children influenced their conceptual 

understandings of science. On one hand, the literature provides considerable evidence 

that there are clear similarities across cultures with regard to perceptual misconceptions 

common to children from very different parts of the world (Bryce & Blown, 2006; 

Vosniadou, 1994; Vosniadou & Brewer, 1990). On the other hand, culture has been 

found to influence children’s conceptual understandings of science in different ways 

(Hatano et al., 1993; Salleh, Venville, & Treagust, 2007; Siegal, Butterworth, & 

Newcombe, 2004). The results from this study raise questions about the children’s 

qualitative understandings of some of the scientific concepts investigated. Were there 

any differences in the way the children thought about particular concepts, for example, 

the way they conceptualised the Earth and the day and night cycle, that could be 

attributed to social and/or cultural differences between children in China and children in 

Australia?  

Conclusions 

In summary, the Chinese and Australian Year 3 children who participated in this study 

demonstrated very similar conceptual understandings of science. The science 

curriculum delivered in the Australian schools did not make any significant difference 

to participating Australian children’s understanding of science on the quiz and in 

interviews compared with participating Chinese children in similar socioeconomic 

schools where no science is delivered in the first two years of school. Chinese children 

had relative strengths in classification of living things and identifying the source of 
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energy for plant food production. Children across all six cases knew factual knowledge 

about the Earth and Moon, but had difficulty in applying and reasoning about more 

complex concepts in the domains of earth science (day and night, and seasons on the 

Earth). Australian children demonstrated better understanding of physical science and 

when reasoning with simple concepts about floating and sinking.  
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Chapter Four  

Long-term Outcomes of Early Childhood Science Education: Insights from a 
Cross-national Comparative Case Study on Conceptual Understanding of Science 

 

Abstract 

The purpose of this study was to explore the long-term outcomes of either 

participating or not participating in early childhood science education on 

Year 6 students’ conceptual understanding of science. The study is situated 

in a conceptual framework that evokes Piagetian developmental levels as 

both potential curriculum constraints and potential models of efficacy. The 

research design was a multiple case study of Year 6 children from three 

schools in China (n=140) who started formal science education in the third 

grade, and Year 6 children from three matched schools in Australia (n=105) 

who started learning science in kindergarten. The students’ understanding 

was assessed by a science quiz and in-depth interview. The data showed that 

participating children from the high socioeconomic schools in China and 

Australia had similar understandings of science. Divergence between the 

medium and low socioeconomic schools, however, indicated that the 

grounding in early childhood science education in Australia may have 

placed these children at an advantage. Alternative explanations for the 

divergence including the nature of classroom instruction in the two 

countries are discussed. 
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Introduction 

Science education for children in the early years of primary school is a conundrum in a 

number of ways. In this critical period of education, the focus often is on literacy and 

numeracy and this leaves little room in the curriculum for the teaching and learning of 

the many other components of a comprehensive education such as science (Appleton, 

2007; Greenfield et al., 2009). Other problems revolve around primary teachers who 

have been well documented as feeling under qualified and lacking in the science 

knowledge and the pedagogical knowledge needed to teach science in an effective way 

(Appleton, 2007). As a consequence, they have considerable avoidance strategies such 

as teaching as little science as possible, focusing on topics about which they have more 

confidence, relying on textbooks, and avoiding practical work (Harlen, 1997). Further 

still, it has been found that while science is taught in primary schools only once or twice 

a week, student learning is best supported with more frequent exposure to science 

concepts and ideas (Nuthall, 1999). 

Despite these problems and issues, many countries have a science curriculum for 

children from the first years of school and invest considerable resources in the support 

of primary science instruction including professional learning for teachers and 

educational resources. These countries include England, Germany, Korea, Ghana, and 

Turkey as well as a considerable number of other developed and developing countries 

(Mullis, et al., 2005). In the United States, the Californian Department of Education 

Curriculum for Kindergarten through Grade 6 in public schools has seven areas of 

learning including science, “including the biological and physical aspects, with 

emphasis on the processes of experimental inquiry and on the place of humans in 

ecological systems” (California Department of Education, 2011, p. iii). The highlight of 

the conundrum of early childhood science education is that three of the four top 

performing countries of the 36 that participated in the Year 4 Trends in Mathematics 
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and Science Study (TIMSS) science test in 2007, Singapore, Hong Kong SAR, and 

Japan, all do not have a science curriculum prior to Year 3 (Mullis, et al., 2005). 

Singapore’s curriculum acknowledges that while there is no formal science for young 

children in schools in this country, science is taught and learned indirectly through 

language and other activities (Quek et al., 2008). In addition, Chinese Taipei, which 

came second on the TIMSS Year 4 science international ranking, has General Studies 

Curriculum in stage 1 (1-2 Grade), in which science and technology are integrated with 

social science, art, and humanities (Department of Elementary Education, 2008). 

China and Australia have different approaches to primary science education, which 

provides contrasting and interesting contexts for our research on early childhood science 

education. In China, primary children do not have any formal science instruction until 

they are in Year 3. The theoretical rationale for this approach presented by Chinese 

curriculum developers and researchers revolves around the Piagetian stage theory (Ding, 

1984; Yang, 2004; Yu, 1997; Zhong, 2002; Zhuang, 2001). A similar approach has been 

adopted in Chinese Taipei, where the curriculum developers emphasise that at the 

primary level, science content knowledge and learning processes should be organised in 

accordance with children’s cognitive development and competence (Department of 

Elementary Education, 2008). In contrast with China, children in Australia participate in 

a formal science curriculum from kindergarten (4 year olds) throughout the primary 

school years. The rationale for such an approach also focuses on the developmental 

nature of learning, but from an efficacy perspective rather than a constraint perspective 

(Metz, 1995). For example, in the Western Australian curriculum it states that: “During 

the early childhood years, a rich, experiential curriculum will enable young children to 

develop a repertoire of encounters with, and knowledge about, their world that can be 

built on in the future” and  “curriculum experiences should be designed to give young 

children frequent opportunities to begin exploring concepts like these, which provide 
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the foundation for later understandings” (Curriculum Council Western Australia, 1998, 

pp. 231-232). Anning, Cullen and Fleer (2009) support this approach and claim that 

researchers and teachers in Australia are looking for insights into dealing with the 

“limitations inherent in the interpretations and developments of Piaget’s theories” (p. 3). 

A recent curriculum reform agenda in China provides the impetus for the current 

research (Wei, 2008a, 2008b). There is growing enthusiasm to introduce science 

education in early childhood (Chen, 2004a, 2004b). The research presented in this paper 

was preceded with an initial study that involved a comparative case study of Chinese 

and Australian Year 3 children with the purpose of ascertaining whether the three years 

of early childhood science curriculum in Australia makes an immediate difference to the 

students’ conceptual understanding of science (Tao, et al., 2012). The quantitative and 

qualitative findings revealed that despite the considerable differences in science 

curriculum, as well as considerable differences in language and culture, the Year 3 

children from case study schools of similar socioeconomic status in China and Australia 

had similar conceptual understandings of life science, earth science, and physical 

science. Independent sample t tests of science quiz mean scores between paired schools 

in the two countries indicated no statistically significant difference (Table 4.1). 

Similarly, a recent analysis of data from 8,642 children in the United States from the 

Early Childhood Longitudinal Study-Kindergarten cohort (ECLS-K) found that neither 

the frequency and duration of kindergarten science teaching or the children’s 

engagement with science activities was a significant predictor of children’s end of 

kindergarten science achievement scores (Saçkes, Trundle, Bell, & O’Connell, 2011).  
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Table 4.1 Participating Year 3 Children’s Mean Scores on the Science Quiz  

Chinese 

Schools 

N Mean 

Score 

SD Australian 

Schools 

N Mean 

Score 

SD T-test 

d value 

C1 (high SES) 51 7.37 2.09 A1 (high SES) 34 7.65 1.91 0.14 

C2 (med SES) 37 6.76 1.21 A2 (med SES) 37 6.32 1.90 0.28 

C3 (low SES) 47 5.30 1.57 A3 (low SES) 49 5.82 1.63 0.32 

Total 135 6.48 1.92 Total 120 6.49 1.94 0.005 

       Note: SES = socioeconomic status, med = medium 

One of the questions that immediately arose from the findings of the initial study 

with Year 3 children and other research was: What happens as the children continue 

through their primary education? The study reported in this paper was designed to 

investigate this question, in particular, we were interested to know whether the 

grounding in early childhood science education in Australia would place children at an 

advantage in their science understanding as they reach the end of primary school, or 

whether the differences between the Chinese and Australian Year 6 children would 

remain negligible. 

Curriculum and Pedagogy in China and Australia 

Appleton (2007) explains that in many countries, science in the primary school is a 

relatively recent addition to the curriculum and that prior to World War II, science was 

essentially nature study. This was the case in both China and Australia. In China, 

science educational ideology was first imported from western countries at the beginning 

of the twentieth century, and since that time primary science education has gone through 

considerable changes (H. Li, 2004; M. G. Liu, 1998; Qu & Wang, 2000). In particular, 

‘nature study’ first became ‘science education’ with the introduction of a Chinese 

national curriculum in 2001 (Ministry of Education [China], 2001). An overview of the 

history and current primary science curriculum is provided by Tao, et al. (2012). 
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Investigations of the implementation of primary science curriculum in the past 

decade (W. D. Cao, 2005; Division of Primary Education Ministry of Education [China], 

2002; Hu, Han, & Liu, 2007) provide evidence that in China, more than 70 percent of 

primary schools recognise the importance of science education and, on average, two 

teaching hours per week are allocated to science from Year 3 to Year 6. The basic 

instructional methods include experimentation, observation, lecturing, and 

demonstration. Due to large class sizes (40 to 50 students), whole-class lecturing 

remains a common teaching method in China and hands-on activities, while practiced, 

are mainly teacher-directed. Textbooks are widely used in science teaching as the 

predominant source for lesson preparation, science activity organisation, and student 

evaluation. 

In Australia, science has been an official component of the primary curriculum in 

all states since the late 1960s (Fensham, 1999). Due to influence from the United States 

and the United Kingdom, considerable changes took place in Australian science 

curricula across all levels of schooling in the late 1990s (Goodrum, et al., 2001). While 

each of the Australian states currently has their own curriculum, a national Australian 

Curriculum from kindergarten to Year 10 will be introduced in 2012 (Australian 

Curriculum Assessment and Reporting Authority, 2011). A more detailed account of the 

Australian science curriculum is provided by Tao, et al. (2012). 

Previous investigations of Australian primary science teaching and learning 

practices (Aldridge, Fraser, & Huang, 1999; Australian Science Technology and 

Engineering Council, 1997; Lokan, Hollingsworth, & Hackling, 2006; Thomson, 2006) 

revealed that about four to five percent of weekly teaching time is allocated to science, 

in which 40 percent of the time is devoted to life science, 30 percent to earth science, 

and 20 percent to physical science. Moreover, primary science in Australia is generally 

taught in a student-centred and activity-based manner. Due to comparatively small class 
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sizes (20-30 students), 90 percent of science lessons in Australian primary schools 

include teacher-guided practical activities. Teachers have the freedom to decide how to 

deliver the content of the curriculum and only 31 percent of teachers reported the use of 

textbooks in science class (Lokan, et al., 2006). 

Research on Children’s Understandings of Science in China and Australia 

In China, there is comparatively little research on primary children’s understandings of 

basic science concepts, though this research has gained popularity in recent years. From 

the perspective of Piaget’s stage theory and cognitive development, researchers from 

teachers’ colleges and educational research institutes have conducted case studies of 

primary and pre-school children’s understandings of life and aging (L. J. Zhang & Fang, 

2005a, 2005b; Zhu & Fang, 2005), floating and sinking (H. J. Luo, 2006), lever balance 

(Q. M. Zhang, 2006), force and motion (Luo, et al., 2009; Xiang, 2006), expansion and 

contraction (Y. W. Luo, 2006), pressure (F. G. Li, 2007), and friction (Wan, 2007). In 

these recent studies, researchers compared primary children, who have not yet received 

formal instruction on the above concepts, with early secondary children and attempted 

to identify the difficulties children may meet while developing understanding during 

instruction. The main themes that emerged from these studies were that children’s 

understandings of a certain concept depends on their familiarity with the context and 

their own experience and it is not advisable to introduce children to abstract concepts or 

unfamiliar contexts before they enter the concrete operational stage (Xiang, 2006). This 

theme is consistent with the current approach in China of not having a formal science 

curriculum until Year 3. This body of literature is somewhat consistent with the 

‘developmental constraints’ model described by Metz (1995). While the research 

acknowledges the importance of prior knowledge and context for learning, it focuses on 

the idea that students’ developmental level will limit their participation in and learning 

of science.  
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In contrast with the literature from China, there is a significant body of research on 

primary children’s ideas about science in Australia. This research tends to focus on the 

alternative conceptions that interfere with children’s learning across a range of science 

topics, such as floating and sinking (Moore & Harrison, 2004), heat and temperature 

(Harrison, et al., 1999), the Moon (Hickey, 2007; Venville, 2007), evaporation (Tytler, 

et al., 2007), magnetism (D. Anderson, et al., 2000), electrical circuits (Fleer, 1994; 

Georghiades, 2006), and living and non-living things (Venville & Donovan, 2007). This 

research generally documents children’s understandings of abstract concepts in a 

specific science domain. Basic research methods utilised include class observation, pre-

instructional and post-instructional interviews, and discourse analysis. A number of 

‘conceptual change’ approaches to science teaching and learning have been described 

and studied, most of which are based on the ideas of alternative conceptions (Baddock 

& Bucat, 2008; Moore & Harrison, 2004; Venville, Gribble, & Donovan, 2005), 

conceptual restructuring (Baddock & Bucat, 2008), and representational modes (Tytler, 

et al., 2007). All conceptual change approaches to teaching and learning involve 

exploring and challenging children’s prior ideas, establishing the science ideas, and 

extending these ideas to a range of phenomena (Campbell & Tytler, 2007). There also 

has been considerable research in recent years on other aspects of children’s learning in 

science, including reasoning, motivational factors, children’s views of themselves as 

learners and creative thinking (Dawson & Venville, 2007). Unlike the research 

conducted in China, the body of research from Australia is more consistent with the 

‘efficacy model’ of development (Anning, et al., 2009; Metz, 1995) because the notion 

of what children can do with appropriate instruction is explored. 
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Nationwide Surveys of Science Understanding in China and Australia 

In 2001, the Chinese Primary Science Curriculum Board, under the commission of the 

Ministry of Education, carried out a nationwide science literacy survey with 1432 Year 

6 children from public schools in the eastern, central, western, and the capital city areas. 

Data about children’s understandings of basic science concepts, competence of science 

skills, and attitudes towards science were collected. The survey reported that children’s 

science literacy varied considerably depending on areas and ethnicities, with children 

from the eastern provinces of China achieving 20 percent higher science literacy scores 

than other areas (Fan & Zhao, 2002). 

In 1991, the Australian Science Teachers’ Association conducted a nationwide 

science literacy survey among 1161 twelve year old children from government, 

independent, and Catholic primary schools in high socioeconomic status, medium 

socioeconomic status, and low socioeconomic status areas in each state. Children’s 

overall level of science understandings, correlations between their understandings, and 

gender, location of school, type of school, and family socioeconomic status were 

investigated (Pattie & Groves, 1993). The survey revealed that the science 

understanding of most children was at a basic level and there was no overall difference 

in performance between males and females, nor between the children in high 

socioeconomic status, medium socioeconomic status and low socioeconomic status 

schools (Pattie & Groves, 1993). However, detailed analysis of results from the Trends 

in Mathematics and Science Study (TIMSS) indicated a large gap between the scores of 

students from remote schools and those from metropolitan schools (Thomson, et al., 

2007; Thomson & Fleming, 2004; Thomson, et al., 2008). In addition, studies of Year 

10 students’ performance in the Programme for International Student Assessment (PISA) 

revealed that the average score of students attending schools in remote areas was 
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significantly lower than those attending schools in metropolitan areas (Thomson & De 

Bortoli, 2008). 

Method 

Purpose and Research Questions 

The purpose of this research was to compare Chinese and Australian Year 6 children’s 

conceptual understandings of science, thus exploring the long-term outcomes of early 

science curricula on children’s science learning. The last term of Year 6 was considered 

the appropriate time to conduct the research because the children are at the end of their 

primary education, however, children in Australia have participated in seven years of 

formal science instruction, but children in China have only participated in four years of 

formal science instruction. The research questions were: 

a. What are Chinese Year 6 children’s conceptual understandings of science? 

b. What are Australian Year 6 children’s conceptual understandings of science? 

c. How do Chinese and Australian Year 6 children’s conceptual understandings 

of science compare? 

Research Design 

The design of the research was a multiple case study (Yin, 2003) and the data were 

collected through a mixed methods approach (Creswell, 2003). According to Yin (2003) 

and Punch (2005), a multiple case study contains more than a single case that provides 

something akin to “multiple experiments” (Yin, 2003, p. 47). The conduct of a multiple 

case study follows a “replication logic” and “the evidence is often considered more 

compelling, and the overall study is therefore regarded as being more robust” (Yin, 

2003, pp. 46-47). The multiple comparative case study design was selected in order to 

allow in-depth exploration of primary children’s conceptual understandings of science 

in Chinese and Australian school contexts and, in turn, give insight into the impact of 
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the contrasting curricular policies and the different interpretations of developmental 

theory underpinning those policies.  

Participants 

The Chinese participants were 140 Year 6 children (mean age = 12.1) from Hunan 

Province, central south China. Of these, 46 children were from a primary school with 

high socioeconomic status (C1), 44 children were from a medium socioeconomic school 

(C2) and 50 children were from a low socioeconomic school (C3). The Australian 

participants were 105 Year 6 children (mean age = 11.5) from Western Australia. Of 

these, 31 children were from a high socioeconomic school (A1), 34 were from a 

medium socioeconomic school (A2) and 40 were from a low socioeconomic school 

(A3). The socioeconomic status of the three Australian schools was determined through 

a metric called Index of Community Socio-Educational Advantage (ICSEA) that is 

available from the federal government’s ‘My School’ website 

(http://www.myschool.edu.au). In China, due to the lack of a similar metric, the 

principal of each case study school was asked to complete a questionnaire about the 

school’s demographic characteristics, resources and environment. The questionnaire 

was developed from the Chinese version of the TIMSS 2007 school questionnaires 

(http://www.sec.ntnu.edu.tw/NSC/TIMSS/TIMSS.htm). The socioeconomic status of 

the three Chinese schools was estimated through the principals’ reports and school 

observation. The case study schools used for the data collection reported in this paper 

are the same schools used for previously reported research conducted with Year 3 

children (Tao, et al., 2012).  

The paired schools also were matched for a number of other important variables. 

Both high socioeconomic schools, C1 and A1, are fully government funded and situated 

next to the campus of a prestigious university in a capital city. Children attending both 

schools are mainly from the university academics’ families. Students and teachers in 
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both schools had considerable access to facilities that support education such as 

museums, municipal libraries, science centres, and cultural and international events. 

Both medium socioeconomic schools, C2 and A2, are government funded with a small 

financial contribution from the students’ parents. The financial contribution from 

parents results in both schools being well resourced and principals of both schools 

reported active participation and interest from parents in the students’ education. Both 

low socioeconomic schools, C3 and A3, are fully government funded. Most children 

attending these schools lived in the immediate locale and their parents generally had 

working class occupations such as farmers or factory workers. Principals of both 

schools reported that children generally came from comparatively poor families and the 

schools experienced associated issues such as difficulty of teacher recruitment and lack 

of access to resources.  

Instruments 

The quantitative data were collected by a science quiz, which was developed from the 

past Trends in Mathematics and Science Study (TIMSS) science released items and 

administered to the Year 6 children in China and Australia to determine their general 

understanding of science. The science quiz consisted of 12 multiple choice items, three 

items in each content domain of life science, earth science, and physical science. The 

first four items tested children’s classification of living things and non-living things, 

their understanding of heredity and plant structure. Items 5-8 tested children’s 

conceptual understanding of the Earth’s structure, its motion in the solar system, and 

gravity. The last four items tested the children’s reasoning about floating and sinking. 

Teachers and planning documents in each case study school were consulted to check 

that the relevant science content and topic areas assessed by the quiz were included in 

the curriculum and were taught to students. The English version of the TIMSS test was 

available from the TIMSS official website (http://timss.bc.edu/). The Chinese version of 
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the TIMSS test, released by the Science Education Centre of National Taiwan Normal 

University (http://www.sec.ntnu.edu.tw/NSC/TIMSS/TIMSS.htm), was modified to use 

the simplified Chinese characters that are standard in mainland China.  

The qualitative data were collected by face-to-face interviews. In each case study 

school, six to eight children representing high, average, and low achievement on the 

science quiz participated in an in-depth interview on their conceptual understandings of 

scientific phenomena. In all, 20 Chinese Year 6 children and 18 Australian Year 6 

children participated in the interview. The interview protocols (Appendix D, E, F) 

included questions about the shape of the Earth, gravity, day and night cycle, and 

seasons that followed the protocol developed by Vosniadou and Brewer (1992, 1994); 

questions about living and non-living things that followed the protocol developed by 

Piaget (1929) and Venville (2004); and, questions about objects floating and sinking 

that followed the protocol developed by Piaget (1930). In China, the interviews were 

conducted in Mandarin and in Australia, the interviews were conducted in English by 

the researcher who is fluent in both Mandarin and English and is a qualified 

Mandarin/English translator. The interviews were conducted with pairs of students to 

help them relax and to facilitate the conversation style of the interview. All interviews 

were recorded and fully transcribed.  

Data analysis  

Scoring of the science quiz involved allocating one point for the correct answer for each 

item. The maximum score for the quiz was 12 and the minimum was zero. All quiz data 

were entered into Statistical Package for the Social Sciences (SPSS) software. 

Descriptive statistics were generated for each case, interpreted and compared with the 

available international data. Individual case reports were prepared and provided to the 

principals of each case study school. This paper presents the cross case analysis that 

initially involved conducting independent sample t tests with 95 percent confidence 
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interval to compare the performance of the children on the science quiz between paired 

schools, effect sizes were calculated and were indicated by Cohen’s d. Cohen (1988) 

suggested that a d of 0.20 reflects a small effect size, a d of 0.50 medium, and a d of 

0.80 a large effect size. One-way between groups analysis of variance (ANOVA) was 

used to compare the mean test scores among case study schools within China and 

Australia (Allen & Bennett, 2008). The quantitative data from individual case studies as 

well as the cross case comparisons were scrutinised for patterns. This was followed by 

an exploration of the qualitative interviews for evidence that further explained the 

patterns in the quantitative data.  

Research rigour 

TIMSS Science assessed children’s general understanding of life science, physical 

science, and earth science and their cognitive dimensions, and processes including 

knowing, applying, and reasoning. The TIMSS Science assessment framework was a 

product of an extensive collaboration of science educators and experts from more than 

60 countries, involving input from the TIMSS National Research Coordinators, 

reviewing by the TIMSS Science and Mathematics Item Review Committee (SMIRC), 

and further updating by the International Association for the Evaluation of Educational 

Achievement and TIMSS technical groups to maintain the validity and reliability of the 

assessment (Olson, et al., 2008). TIMSS Science adopted two question formats: 

multiple choice and constructed response. A pilot study with a small number of Year 6 

children indicated that the children had difficulty explaining phenomena or interpreting 

data in clear and concise written language. Therefore, only multiple choice questions 

were adopted for the science quiz in this study. In order to ensure the validity of the 

quantitative data and to enable a more in-depth exploration of the children’s 

understanding of science, qualitative interviews also were conducted. The combination 

of quantitative survey and qualitative interview enhanced the rigour of the research 
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(Creswell, 2003) and provided both broad and in-depth information about the 

participating children’s conceptual understandings of science. 

Findings 

In this section, the quantitative findings from the science quiz including comparisons 

between paired schools from China and Australia and comparisons of schools within 

each country are presented. This is followed by a more in-depth examination of the 

quantitative and qualitative data on students’ conceptual understandings in each 

conceptual area of life science, earth science, and physical science.  

Science Quiz  

The results of the science quiz showed that, in both countries, the schools with the high 

socioeconomic status had the highest mean scores, followed by the schools with 

medium socioeconomic status, and then the schools of low socioeconomic status. The 

mean scores and t test results are presented in Table 4.2, and the comparison between 

similar socioeconomic schools in China and Australia can be seen in Figure 4.1. 

Table 4.2 Participating Year 6 Children’s Mean Scores on the Science Quiz 

Chinese 

Schools 

N Mean 

Score 

SD Australian 

Schools 

N Mean 

Score 

SD T-test 

d value

C1 (high SES) 46 9.89 1.72 A1 (high SES) 31 9.84 1.29 0.03 

C2 (med SES) 44 8.27 1.98 A2 (med SES) 34 9.56 1.69 0.69 

C3 (low SES) 50 7.60 1.86 A3 (low SES) 40 8.55 1.87 0.51 

Total 140 8.56 2.08 Total 105 9.26 1.74 0.36 

         Note: SES = socioeconomic status, med = medium 
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Figure 4.1 Chinese and Australian Year 6 Children’s Mean Scores on the Science Quiz 

The independent sample t test between mean science quiz scores of the two high 

socioeconomic schools, C1 (n=46) and A1 (n=31) was not statistically significant, p 

= .885, two-tailed, d = 0.03. The t tests between the medium socioeconomic schools C2 

(n=44) and A2 (n=34), and the low socioeconomic schools C3 (n=50) and A3 (n=40), 

showed that A2 had a mean score 1.29 points higher than C2 (p = .003), and A3 had a 

mean score 0.95 points higher than C3 (p = .018). Both differences were statistically 

significant and the effect sizes were medium, d = 0.69 and d = 0.51 respectively.  

The one-way between groups ANOVA indicated that the variation in science quiz 

scores between the case study schools within China was statistically significant, F (2, 

137) = 19.08, p < .001, η2= .218. Post hoc analyses with Bonferroni (using an α of .05) 

revealed that the high socioeconomic school, C1 (M = 9.89, SD = 1.72) had a 

significantly higher mean quiz score than the medium and low socioeconomic schools, 

C2 (M = 8.27, SD = 1.98) and C3 (M=7.60, SD=1.86). There was no significant 
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difference in mean science quiz scores between the medium and low socioeconomic 

schools, C2 and C3.  

Similarly, within the Australian case studies, the one-way between groups 

ANOVA was statistically significant, F (2, 102) = 6.11, p < .01, η2 = .107. Post hoc 

analyses with Bonferroni (using an α of .05) revealed that the high and medium 

socioeconomic schools, A1 (M = 9.84, SD = 1.29) and A2 (M = 9.56, SD = 1.69), had 

significantly higher mean scores than the low socioeconomic school, A3 (M = 8.55, SD 

= 1.87). The mean quiz scores for A1 and A2 were not significantly different. 

In summary, the results of the science quiz showed that in both countries, the 

schools of high socioeconomic status (C1 and A1) had the highest mean score, followed 

by the schools of medium socioeconomic status (C2 and A2) and then the schools of 

low socioeconomic status (C3 and A3).  This pattern was consistent with our previous 

comparative case study conducted in the same schools of Chinese and Australian Year 3 

children’s conceptual understandings of science (Tao, et al., 2012). An inconsistent 

finding, however, was that while the two high socioeconomic schools did not have 

significantly different quiz scores, the medium and low socioeconomic schools in China 

had significantly lower science quiz scores compared with their Australian counterparts. 

This divergence between the Chinese and Australian medium and low socioeconomic 

schools can clearly be seen in Figure 4.1. In the following sections we break down the 

quiz responses into the conceptual areas of life, earth and physical science and draw on 

the interview data to more deeply examine the conceptual understanding of the students. 

Children’s Understanding of Life Science  

Quiz items 1 to 4 probed the participating children’s understanding of life science. The 

percent correct response for quiz items 1 to 4 in all six cases are presented in Table 4.3. 

The data from these items suggest that the Year 6 children from the Australian case 

studies were more likely to respond correctly to these four items compared with their 
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Chinese counterparts. Divergence can be seen between the two countries with the low 

socioeconomic school children tending to not perform as well on quiz items 3 and 4 that 

focused on inheritance and plant structure.  

Table 4.3 Percentages of Year 6 Children’s Correct Responses to Quiz Items 1-4  

(life science) 

 Percentages of correct responses (%) to quiz items 1-4 

 

                    Concept 

Q1 

Living/non-

living 

Q2

Living/non-

living 

Q3

Inheritance 

of curly hair 

Q4 

Plant roots 

and water 

absorption 

Chinese children 

C1 (n=46) 

 

100.0 

 

100.0 

 

91.3 

 

89.1 

C2 (n=44) 90.9 81.8 97.7 86.4 

C3 (n=50) 86.0 80.0 68.0 74.0 

Total (n=140) 92.1 87.1 85.0 82.9 

Australian children     

A1 (n=31) 100.0 100.0 93.5 90.3 

A2 (n=34) 97.1 100.0 88.2 100.0 

A3 (n=40) 87.5 90.0 90.0 90.0 

Total (n=105) 94.3 96.2 90.5 93.3 

TIMSS International  

average for Year 8 

74.0 N/A N/A N/A 

Note. N/A = not available 

The majority of participating Year 6 children from both countries selected correct 

responses to quiz items 1 and 2, which focused on the types, characteristics, and 

classification of living things. Every child from both the Australian and Chinese high 

socioeconomic schools (C1 and A1) selected correct responses to these two items. 

Further, the percent correct response in all six cases on quiz item 1 was higher than the 

TIMSS 1995 international average (74%) for the upper grade (Year 8). Overall, the 

results from these two quiz items suggested that Year 6 children from all six case study 

schools could distinguish living things from non-living things. During the in-depth 
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interviews on living and non-living things, children from both countries commonly used 

movement, growth, having cells, organs and blood, having babies, a need for food, and 

making noise as reasons for attributing life to animals such as a cat and a bird. Children 

from both countries mentioned breathing, growth, death, and the intake of nutrients and 

water from the soil for attributing life to plants such as trees, flowers and grass. More 

Australian children, however, explained scientific ideas that plants breathe the “opposite 

way” to humans or animals. For example, 

Interviewer  Why do you think trees, grass, and flowers are living? 
StudentA3  Well, trees are living because they breathe in carbon 

dioxide and breathe out oxygen. And they also grow. 

 

Several children from both countries were confused about whether the Sun is 

living or not. For example, 

Interviewer  Is the Sun living? 
StudentC1  
 

It can be, but I’m not sure. It will become a white 
dwarf. 

 
Interviewer  Is the Sun living? 
Student A3 Not quite sure and never thought about this thing. 

 

Quiz item 3 focused on heredity and what causes a person to be born with curly hair 

or straight hair. The majority of children from both countries selected the correct 

response ‘the type of hair their parents have’. A large number of children from the 

Chinese low socioeconomic school (C3) selected the incorrect answer, ‘the type of hair 

their brothers and sisters have’. According the One Child Policy in China, rural 

residences are permitted to have more than one child but urban residences are permitted 

to have only one child. These children were, therefore, more likely to have brothers and 

sisters than urban children. It may be that this experience resulted in more children 

selecting the incorrect response because they have similar hair type to their brothers and 

sisters. Urban children in China rarely have brothers and sisters and are probably less 
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likely to have had the experience that might result in them selecting the incorrect 

response.  

Quiz item 4 probed children’s understanding about which part of a plant takes in 

the most water. Most Australian children (93.3%) selected the correct answer, ‘the root’. 

Slightly more Chinese children, particularly children from the low socioeconomic 

school, incorrectly selected ‘the leaves’. Interviews revealed that children tended to 

correctly understand that leaves use water for photosynthesis, but incorrectly believed 

leaves take in the most water. The following interview excerpts illustrate this finding. 

Interviewer  Why do you think trees, flowers, and grass are living?
StudentA3  They are living because they need water, sunlight, and they breathe. 
Interviewer How do you know that they need water?
StudentA3 I got taught that in class. The root takes in the water and sends it to 

the trunk and then the branches. The branches give water to the 
leaves. Leaves have lines in the middle. 

 

Interviewer  Why do you think trees, flowers, and grass are living?
StudentC3  Because they grow and they need sunlight and rain, otherwise they 

wither and die. 
Interviewer How do trees take in the rain?
StudentC3  The rain falls on the leaves and then photosynthesis happens. I 

remember leaves also take a bit of water from the air. 
 

Children’s Understanding of Earth Science 

Quiz items 5 to 8 probed children’s understanding of earth science. The percentages of 

correct responses to these quiz items for all six cases are presented in Table 4.4. 

Responses to these items revealed a very similar profile for the participating Chinese 

and Australian children’s understandings in this domain, however, some divergence was 

evident. The Australian children from the medium and low socioeconomic schools (A2 

and A3) did better than their Chinese counterparts (C2 and C3) on quiz item 5 about 

layers of the Earth. The Australian children from the medium socioeconomic school 

(A2) also did better than the Chinese children from the paired school (C2) on quiz items 
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6 and 7 about the day/night cycle and the seasons on the Earth. The low socioeconomic 

Australian school (A3) reported the lowest percentage of correctness on these two items.  

Table 4.4 Percentages of Year 6 Children’s Correct Responses to Quiz Items 5-8  

(earth science) 

 Percentages of correct responses (%) to quiz items 5-8 

 

                    Concept 

Q5 

Layers of the 

Earth 

Q6

Cause of 

day/night cycle 

Q7

Cause of 

seasons 

Q8 

Gravity 

Chinese children  

C1 (n=46) 

 

89.1 

 

54.3 

 

52.2 

 

84.8 

C2 (n=44) 84.1 43.2 52.3 68.2

C3 (n=50) 76.0 44.0 54.0 62.0

Total (n=140) 82.9 47.1 52.9 71.4

Australian children     

A1 (n=31) 100.0 58.1 64.5 80.6

A2 (n=34) 97.1 64.7 64.7 70.6

A3 (n=40) 92.5 32.5 27.5 62.5

Total (n=105) 96.2 50.5 50.5 70.5

TIMSS International 

average for Year 8 

82.0 44.0 26.0 70.0

Note. N/A = not available 

Quiz item 5 presented children with a picture showing the three main layers of the 

Earth and asked which layer was the hottest. The majority of Australian children gave 

the correct answer ‘Layer C’ (the innermost layer) and the average correctness on this 

item was 96.2 percent, which was higher than TIMSS 1999 international average (82%) 

for the upper grade (Year 8). Slightly more Chinese children selected the incorrect 

response ‘Layer A’ (the outmost layer). 

During the in-depth interviews, children were asked ‘What’s the shape of the 

Earth?’; ‘Can you draw a picture of the Earth?’; ‘Can you stand on the 

top/bottom/sides/of the Earth?’; and, ‘Will you fall off?’. These questions helped us to 

identify whether children conceptualised the Earth as a sphere or flat ground. It was 
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found that although the majority of children from both countries knew the Earth is 

spherical in shape and showed some understanding of gravity, the majority couldn’t 

organise their thinking into a coherent system to give appropriate causal explanations 

with these two concepts. This finding is consistent with previous research by Nussbaum 

and Novak (1976) and Vosniadou and Brewer (1992, 1994). For example, the interview 

excerpt shows that one student from the low socioeconomic school in China (C3) said 

the Earth was round like a ball but gave confounding explanations that oceans and 

islands are “in” the Earth while people are “on” the Earth. 

Researcher What is the shape of the Earth?
StudentC3 It’s round like a ball. 
Researcher Are the oceans and islands that you drew in the Earth, or on the Earth? 
StudentC3 In the Earth.  
Researcher What about those people you drew? Are they in the Earth, or on the Earth? 
StudentC3 They are standing on the Earth.

 

Quiz items 6 and 7 focused on the cause of day and night and the main cause of the 

seasons on the Earth. Item 7 was selected from the TIMSS 1999 Science for the Year 8 

children and was a relatively challenging item, with only 26 percent of children 

internationally answering correctly. However, on average about half of the children 

from both countries answered correctly that ‘The Earth rotates on its axis’ explains the 

day and night cycle and that the ‘Earth’s axis is tilted’ accounts for seasons. Children’s 

explanations of the day and night cycle and the seasons depends on how they 

conceptualise the Earth, the Sun, and the Moon (Vosniadou & Brewer, 1994). 

Interviews revealed that most children from both countries were able to give correct 

explanations for the day and night cycle as most of them have received instruction on 

this topic. Interestingly, in their explanation of the day and night cycle, the Australian 

children mentioned “time zone”; “longitude”; their travelling experience to Singapore, 

Malaysia or America; and, knowing people who live in England. This phenomenon also 
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was reported in the recent research by Venville, Wilhelm and Louisell (in press). For 

example, 

 
Interviewer  Why do we have day and night on the Earth? 
StudentA3 Because the Earth spins. There are northern hemisphere and 

southern hemisphere, just like England and Australia. When here is 
the day, there is the night. 

 

Reasoning about the seasons on Earth was a challenging question for the Year 6 

children. The Australian children more often mentioned that seasons occur on the Earth 

because the Earth is tilted so some part of the Earth is more exposed to the Sun. A 

number of children from the low socioeconomic Chinese school (C3) attributed seasons 

to the Earth moving around the Sun or the Sun moving around the Earth, or they 

explicitly said that they didn’t know. Several children in both countries expressed some 

understanding of the tilted axis, but had difficulty explaining the full phenomenon. For 

example, 

Interviewer  Why do we have seasons on the Earth? 
Student1

C3 When the Sun moves to this area, this area has light. Wherever there 
is light, there is summer. It is winter when there is no light. 

Interviewer What about you? 
Student 

2
C3 ……I don’t know.

 
Interviewer  What makes the seasons on Earth?
StudentA3 I think it’s because the Earth tilted in its axis and it’s got all the 

seasons. But I’m not sure how they come around. 
 

Quiz item 8 probed children’s conceptual understanding of gravity. Children were 

presented with a diagram with a person holding a ball while standing at three different 

places on Earth. Children were asked to choose which of four diagrams best describes 

the direction the dropped ball would fall at the three different positions. Almost the 

same percentage of Chinese children (71.4%) and Australian children (70.5%) selected 

the correct diagram showing that the ball would always drop towards the centre of the 

Earth. Internationally, 70 percent of Year 8 children answered this item correctly in 
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TIMSS 2003 (Table 4.4). During the interview, the Chinese and Australian Year 6 

children gave similar answers regarding where a dropped ball would go and where 

gravity is. Six out of twenty Chinese Year 6 children responded that the ball would fall 

towards the centre of the Earth and drew arrows pointing towards the Earth’s centre. 

Thirteen Chinese Year 6 children simply responded that the ball would fall onto the 

ground and one child said the ball would fall all the way down. Four out of eighteen 

Australian Year 6 children responded that the ball would fall towards the centre of the 

Earth because of gravity and the rest of the children simply answered that the ball would 

go straight to the ground without mentioning gravity. 

Children’s Understanding of Physical Science 

In the section on physical science from quiz item 9 to item 12, children were tested 

about their conceptual understanding and reasoning about floating and sinking. The 

percent correct response for these items in all six cases are presented in Table 4.5. In 

general, the Australian Year 6 children displayed relative strength in understanding of 

floating and sinking. Divergence was most notable between the medium socioeconomic 

schools (C2 and A2) and the low socioeconomic schools (C3 and A3) for quiz item 10 

about floating objects and quiz item 12 about floating ice cubes. 

Quiz items 9 and 10 presented children with pictures of three objects of the same 

shape and size floating and sinking at different levels in water. Children were asked to 

compare the weight of the three objects. Most Chinese and Australian children from the 

high socioeconomic schools gave the correct responses to both quiz item 9 and 10 

(Table 4.5). 

Quiz item 11 presented children with a picture showing a block of wood floating in 

fresh water. Children were asked to choose which of four alternatives would best 

describe the position of this wood block in salt water. This item was selected from 

TIMSS 1995 and it was a relatively difficult item with only 34 percent of Year 8 
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students internationally answering correctly. On average, 38.1 percent of children from 

the Australian cases gave the correct answer, with small differences between the high, 

medium and low socioeconomic schools. 

Table 4.5 Percentages of Year 6 Children’s Correct Responses to Quiz Items 9-12 

(physical science) 

 Percentages of correct responses (%) to quiz items 9-12 

Concept Q9 

Floating/sinking 

objects 

Q10

Floating/sinkin

g objects 

Q11

Floating in salt 

water 

Q12 

Floating ice 

cubes 

Chinese children 

C1 (n=46) 

 

87.0 

 

93.5 

 

87.0 

 

60.9 

C2 (n=44) 88.6 65.9 27.3 40.9 

C3 (n=50) 84.0 68.0 40.0 26.0 

Total (n=140) 86.4 75.7 51.4 42.1 

Australian children     

A1 (n=31) 100.0 96.8 32.3 67.7 

A2 (n=34) 85.3 85.3 41.2 61.8 

A3 (n=40) 97.5 90.0 40.0 55.0 

Total (n=105) 94.3 90.5 38.1 61.0 

TIMSS International 

average for Year 8 

N/A N/A 34.0 N/A 

Note. N/A = not available 

However, the percentage of correctness varied considerably among the three 

schools in China, with 87 percent of children from the high socioeconomic school 

answering correctly, which was over 50 percent higher than the international average, 

and only 27.3 percent of children from the medium socioeconomic school giving the 

correct answer. To answer correctly, children had to demonstrate knowledge of density 

by selecting the picture showing that the wood block will float higher in salt water than 

it does in fresh water. An interview with the science teacher in the Chinese high 

socioeconomic school indicated that those Year 6 children had been doing many hands-

on activities as proposed in the science curriculum and text books. It is likely that the 



114 
 

children’s experience of comparing object’s floating and sinking in different fluids may 

have helped them to answer this item correctly.  

Quiz item 12 probed the children’s understanding of flotation of ice cubes of 

different sizes in water. On average, 61 percent of Australian children gave the correct 

response that all ice cubes would float in water regardless of their size. Similar to their 

performance on quiz item 11, the percent correct response to this item of Chinese 

children from the three different schools varied considerably. Divergence is clear with 

Australian children from the medium and low socioeconomic schools performing 

considerably better than their counterparts from the paired schools on this item (Table 

4.5). Interviews revealed that experience with water-based activities made a difference 

to students’ understanding of floating and sinking, for example, 

Interviewer What would happen if we put a 10-cent coin and a 50-cent 
coin into water at the same time? 

StudentA2 I tested it when I was at home. I got coins and I put them into 
water and they sank straight away. 

 

Interviewer What would happen if we put an apple into water? 
StudentA3 Apples can actually float. 
Interviewer How do you know? 
StudentA3 I did apple bobbing. 

 

Our in-depth interviews about criteria to determine if an object would float or sink 

when put in water indicated that Year 6 children from both countries said an object 

would float if it is “lighter than the water”; if it “has more buoyancy”; if it “has air in it”; 

or, if it “has lighter density than water”. Children from both counties said an object 

would sink if it is “heavier than water”; if it “doesn’t have air in it”; if it “is made of [a 

certain kind of material such as] metal”; or, if it is “denser than water”. However, 

children’s understanding of density and buoyancy were not complete or scientific and 

indicated they had memorised seemingly scientific responses and definitions. For 

example, 
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Interviewer What would happen if we put a cardboard box into water? 
StudentC3 
 

It would float, because the cardboard box is light and it has 
buoyancy. 

Interviewer What is buoyancy? 
StudentC3 
 

Buoyancy is a force to keep things floating on the surface 
of the water. 

 

Discussion 

Previously reported research (Tao, et al., 2012) revealed that the early childhood 

curriculum in science in Australian schools did not show any benefit for the Year 3 

children with regard to their conceptual understanding of science compared with the 

Chinese children who did not participate in a science curriculum from the paired 

schools. The study reported in this paper was designed to investigate whether the 

grounding in early childhood science education in Australia resulted in any difference in 

children’s conceptual understanding of science as they progress towards the end of 

primary school.  

The findings revealed that participating Year 6 children from the schools with high 

socioeconomic status from China and Australia demonstrated similar profiles in their 

understanding of science. Any potential advantage of three extra years of early 

childhood science education was not evident for the children in the Australian high 

socioeconomic case study school (A1) compared with the children in the Chinese high 

socioeconomic school (C1). Conversely, it can be said that the findings revealed no 

evidence of disadvantage as a result of not having a formal early childhood science 

education for the Chinese children attending the high socioeconomic school. Interviews 

with the Chinese high socioeconomic school children revealed that they had sufficient 

access to science books and resources at home, and that their parents actively teach 

them science, for example, by asking them to design an experiment or by discussing 
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scientific topics. All these factors possibly help to compensate their lack of formal 

science education at an early age.  

Divergence in children’s performance on the science quiz and interviews was 

evident between the Chinese and Australian medium socioeconomic schools, as well as 

between the low socioeconomic schools. Both science quiz and in-depth interviews 

indicated that the participating Australian children from the medium and low 

socioeconomic schools (A2 and A3), in general, had better understanding of life science, 

earth science and physical science than the Chinese children from the paired schools 

(C2 and C3). The findings raised the question: why did the Australian Year 6 children 

from the medium and low socioeconomic schools have better conceptual understanding 

of science than the Chinese children from the paired schools? There are a number of 

possible explanations for this finding of which we will consider two, impoverished 

domain specific knowledge and quality pedagogy.  

Impoverished Domain Specific Knowledge 

The first possible explanation for the observed divergence is that the early science 

education for the Australian children in the medium and low socioeconomic schools 

provided the students with grounding in domain specific scientific knowledge. This 

grounding was not initially evident in the Year 3 children (Tao, et al., 2012) but, as 

indicated by the findings presented in this paper, this grounding became more evident 

towards the end of primary school. This is consistent with the justification for an early 

childhood science curriculum promoted in the Curriculum Framework Learning 

Statement for Science (Curriculum Council Western Australia, 1998, p. 231), that 

children’s knowledge can be “built on in the future” and that “during the early years, 

curriculum experiences should be designed to give young children frequent 

opportunities to begin exploring concepts, which provide the foundation for later 

understandings” (p. 232). 
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The view that early childhood instruction can make a difference for children in their 

later years is supported by science education research (Bliss, 1995; Metz, 1995, 1997). 

Metz (1995) asserted that rather than using Piagetian levels of development to indicate 

whether children are ‘developmentally ready’ for science instruction and 

underestimating their capacities, teachers and educators should be thinking about 

scaffolding children’s potential through high quality science instruction. Metz (1997) 

emphasised the importance of acknowledging that children need content knowledge in a 

specific domain to be able to participate in inquiry and scientific reasoning. For example, 

if children do not know that plants grow from seeds or that plants take in gasses to 

‘breathe’ (i.e. domain specific knowledge), it is almost impossible for them to correctly 

classify living and non-living things (a process of reasoning). Further, knowing certain 

domain specific knowledge helps children to participate in other reasoning processes 

such as drawing analogies between living things they tend to know well, like humans 

and dogs, and less familiar living things, such as plants (Venville, 2004).  

Differentiating living from non-living things and plants from animals are ideas 

taught in early childhood science education that require children to be able to classify 

using more than one criterion. According to Metz’s argument, if young children, at 

about five years of age who are predominantly at the Piagetian preoperational 

developmental stage, learn content knowledge about plants, this will give them access 

to the domain specific knowledge needed for reasoning processes such as classification 

and analogy creating that are characteristic of the higher order Piagetian concrete 

operation developmental level. The development of domain specific knowledge and 

more general reasoning patterns are, therefore, intimately entwined and it is likely that 

delaying the introduction of one will inhibit the development of the other. It is possible 

that the lack of early childhood science curriculum in the medium and low 

socioeconomic schools in China resulted in comparatively impoverished domain-
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specific knowledge compared with the children in the Australian schools that, in turn, 

led to underdeveloped scientific reasoning abilities.  

Quality Pedagogy 

Another possible explanation for the divergence in the medium and low socioeconomic 

schools in China and Australia is the quality of the classroom teaching and learning 

activities. Schools with high socioeconomic status have better and richer teaching 

resources and put emphasis on the quality of pedagogy, as well as the quality of 

teachers’ professional development. Research in both countries reveals that schools with 

medium or low socioeconomic status more often have limited teaching resources and 

facilities, fewer specialist science teachers, and put less emphasis on the implementation 

of science education (W. D. Cao, 2005; Goodrum, et al., 2001; Hu, et al., 2007; Y. F. Li, 

2007; Z. C. Li, 2006; Perry & McConney, 2010b; Tian & Guo, 2009). 

The relative strengths in conceptual understanding of science demonstrated by the 

Australian Year 6 children from the medium and low socioeconomic schools may be 

attributed to the focus in Australian science classrooms on scientific inquiry learning 

activities. Referred to as “Confucian-heritage” cultures (Biggs, 1996, p. 46), classrooms 

in China are known for their large class sizes often with more than 40 children, highly 

authoritarian learning climate, expository teaching methods and examination-oriented 

learning (Aldridge, et al., 1999; Biggs, 1996; Chang & Mao, 1999; Stevenson & Stigler, 

1992). Australian classrooms, however, are student-centred with small class sizes 

ranging from 13 to 32 students. A large number of science lessons include practical 

activities. Australian science teachers tend to distribute equal time to whole-class 

instruction and group work. Moreover, they spend a large proportion of the class time 

presenting and discussing scientific concepts, experimental procedures and connecting 

scientific knowledge to real life issues (Goodrum, et al., 2001; Lokan, et al., 2006; 

Murcia, 2007). The results from this study raise questions about the impact of classroom 
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inquiry and learning activities on children’s conceptual understanding of science. More 

research is needed to explore how scientific inquiry and other science learning activities 

are enacted in Chinese and Australian primary science classrooms to be able to fully 

understand the findings presented in this paper. 

Implications and Limitations 

In this section we make speculative suggestions with regard to the educational 

implications of the findings of this study and the study of Year 3 children in the same 

schools (Tao, et al., 2012). This research provides support for the reform of the current 

national science curriculum in China, Science Curriculum Standard (3-6 Grade) for 

Full-time Compulsory Education. We suggest that Year 1 and Year 2 children should be 

included in the primary science curriculum, as it is possible that the lack of early 

childhood science education placed the participating children from case study schools 

with medium and low socioeconomic status at a disadvantage in their science learning 

when they were tested towards the end of primary school. The findings give insight into 

the effects and possible causes of the current lack of early childhood science education, 

but more research is needed to verify the findings in other contexts within these 

countries and also in other countries that have different approaches to early childhood 

science education. 

There are a number of limitations of this study that need to be mentioned. First, 

considerable care was taken with the selection of the case studies to make sure that 

paired schools were similar and comparable in the demography, size and socioeconomic 

status. The results from the Year 3 children case studies (Tao, et al., 2012) showed that 

there was no statistical difference in science quiz scores between paired schools of 

similar socioeconomic status. These data supported the assertion that the schools were 

appropriately matched. However, the cross-sectional nature of the sample of Year 3 and 

Year 6 students may mean that the differences observed in the Year 6 case studies and 
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discussed in this paper are due to unobserved or non-speculated factors. A longitudinal 

method using the same children in Year 3 and then three years later in Year 6 would 

have been ideal but was not possible given the time and financial constraints of the 

research program.  

A second limitation of this research is that there was no way of ascertaining the 

quantity and quality of the science curriculum in the schools in the years prior to the 

implementation of the case studies. While interviews with the principals, collection of 

school planning documents, and interviews and observations with current teachers 

indicated that teaching practices were consistent with the Chinese and Australian 

curricula, it is possible that in previous years other practices were in place. This also 

may have influenced the findings. Further, we want to emphasise that while the case 

study methodology was appropriate for this research, it is not appropriate to generalise 

the findings and make assumptions about other schools and other children in these 

countries or other countries. The detailed information provided, however, enables a 

process of transferability (Guba & Lincoln, 1989) so that readers may apply the 

knowledge developed to educational contexts familiar to them.  

Finally, this paper reports the participating Chinese and Australian Year 6 

children’s conceptual understandings of science through a science quiz and in-depth 

interview. Future studies about whether the children’s qualitative understandings of 

scientific concepts indicate any cultural differences, and different approaches to science 

teaching in the Chinese and Australian Year 6 classrooms and the impact on children’s 

conceptual understanding of science are needed.  
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Conclusions 

In summary, the participating Chinese and Australian Year 6 children from the high 

socioeconomic schools demonstrated similar conceptual understandings of science. The 

grounding in early childhood science education in Australia placed the Australian 

children from the medium and low socioeconomic schools at a small advantage in their 

conceptual understanding of life science and physical science. The disadvantage of a 

lack of early childhood science education was not evident for the participating Chinese 

Year 6 children from the high socioeconomic case study school; however, small 

disadvantage was evident for the participating Chinese children from the medium and 

low socioeconomic case study schools. The next chapter, Chapter Five, presents a study 

on the nature of the science instruction and learning activities enacted in the case study 

schools, which provided some explanation for our findings about the divergence 

between Chinese and Australian Year 6 children from the medium and low 

socioeconomic schools. 
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Chapter Five  

A Comparison of Approaches to the Teaching and Learning of Science in 
Chinese and Australian Primary Classrooms: Cultural and Socioeconomic 

Complexities 

 

Abstract 

The purpose of this study was to compare the teaching and learning of 

science in Chinese and Australian Year 6 primary school classrooms. The 

ideal curriculum, the curriculum-in-action, and the experiential curriculum 

in three case study schools in each country were examined. Participants 

were Year 6 children from three schools of high, medium and low 

socioeconomic status in Hunan Province, China (n=140) and Western 

Australia (n=105). Data were collected through student questionnaires, 

classroom observations, and teacher interviews, a school tour and document 

collection. While there were considerable similarities between the 

Confucian and scientific literacy philosophies underpinning the Chinese and 

Australian curricula, the findings indicated that the socioeconomic status of 

the school impacted on the teachers’ ability to create a curriculum-in-action 

that reflected the ideal curriculum. The results indicated that, in both 

countries, Year 6 children from the high and medium socioeconomic 

schools were more often engaged in scientific investigations and hands-on 

activities than the children from the low socioeconomic schools. Children 

from the low socioeconomic schools more often participated in other 

learning activities such as reading science books and memorising science 

facts. The findings support the current reform of the national primary 

science curriculum in China which encourages a transition from teacher-

centred to more student-centred practices.  
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Introduction 

Life in schools and classrooms is an aspect of our wider society, not 
separate from it: a culture does not stop at the school gate. The 
character and dynamics of school life are shaped by the values that 
shape other aspects of …national life….Culture, in comparative 
analysis and understanding, and certainly in national systems of 
education, is all (R. Alexander, 2000, pp. 29-30). 

 
Our previous research that compared Chinese and Australian primary school children’s 

conceptual understanding of science revealed interesting trends. The first trend was that 

Year 3 children in schools of similar socioeconomic status in China and Australia had 

similar conceptual understandings of science despite differences in curriculum and 

culture (Tao, et al., 2012). The second, and unsurprising trend for Year 3 and Year 6 

students in both countries was that the higher the socioeconomic status of the school, 

the better the students’ conceptual understanding of science (Tao, et al., 2012, in press-

b). The third trend revealed that while Year 6 children from high socioeconomic status 

schools in China and Australia demonstrated similar conceptual understandings of 

science, children from medium and low socioeconomic schools in Australia had 

significantly better conceptual understanding of science than their Chinese counterparts 

(Tao, et al., in press-b). 

These trends raised questions about the nature of the science instruction and 

learning activities enacted in the case study schools that participated in our research. 

The purpose of the research presented in this paper, therefore, was to investigate the 

ways that science was being taught in these case study schools; for example, how 

scientific investigations and other learning activities are implemented and experienced 

by the students and whether the approaches being used may provide some explanation 

for our findings about the students’ conceptual understanding. In order to understand the 

approaches being used to teach and learn science in the case studies, it is important to 

have some insight into the philosophies that inform the educational approaches in the 
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participating countries. van den Akker (1998) used the term ideal curriculum, to 

describe the “the original vision underlying a curriculum” (p. 422) or its basic 

philosophy, rationale or mission. The following section provides background 

information about the Confucian philosophy that is foundation to teaching and learning 

in China. This is followed by an exploration of the scientific literacy philosophy that 

underpins current approaches to primary science education in Australia. The following 

section then examines the empirical research that has investigated the actual picture of 

teaching and learning in these two countries. 

Confucian Philosophy and Influence on Education in China 

Confucian philosophy plays an important role in China’s civilisation but it also has a 

profound impact on China’s education (An, 2004). Confucius (K’ung Futse, meaning 

“Master K’ung”, 551-479 B.C.) was China’s first and most famous teacher, philosopher 

and political theorist (Lin, 1966). Confucius believed that it is possible for ordinary 

human beings to become wise and that all people can be taught how to improve their 

knowledge and skills (Kuiper, 2010). He promoted the importance of aiming for 

perfection through self-cultivation and education (Kuiper, 2010). As a consequence of 

this educational philosophy, Confucius established teaching as a vocation and made 

education broadly available throughout China to people of all standing. 

According to Confucius, knowledge is acquired only through learning that involves 

active thought and constant review. A translation of one of his sayings that gives insight 

into a Confucian view of learning is that, “Reading without thinking throws one into 

bewilderment” (X. Q. Cai, 2002, p. 26). Confucius’ thoughts on learning are further 

reflected in the meanings contained in the Mandarin characters for ‘knowledge’ and 

‘learn’. The word ‘knowledge’ is made up of characters with the meanings of learning 

(xue) and questioning (wen). The Mandarin word for ‘learn’ is made up of characters 

meaning learning (xue) and reviewing (xi) (An, 2004). The meanings in the characters 
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for these words, therefore, suggest that in order to learn well and develop knowledge, 

students must ask questions and constantly review what is being learned. Accordingly, 

teachers should teach for understanding, they should be good questioners and promote 

students’ thinking.  

Confucius required that students have respect for the teacher, they must be 

motivated to learn and this motivation should be intrinsic (Low, 2010). He expected 

students to be able to draw inferences based on examples that he provided (p. 197). 

Confucius emphasised thinking, in particular, making deductions from a principle or 

law to consequences and logical outcomes. These ideas about learning “set the standard 

for all subsequent Chinese education. It has been learning, memorising of the Classics. 

It has been deductive, not inductive” (Dubs, 1966, p. 183).  

A saying that gives insight into Confucian understanding of a teacher is that “A 

man who goes over what he has already learned and gains new understanding is worthy 

to be a teacher” (Lin, 1966, p. 203). According to Confucian teachings, an ideal teacher 

is expected to “study hard, never feel content, and never grow tired of teaching others” 

(X. Q. Cai, 2002, p. 24). Teachers need to be “good at guiding students forward step by 

step” (p. 204), that is, they should teach subject matter in an appropriate sequence so 

that students learn things when they are ready for them (Low, 2010). Further, teachers 

should provide students with the opportunity to admire the excellence of others (Lin, 

1966).  

Scientific Literacy as a Philosophy Underpinning Science Education in Australia 

In contrast with China, Australia’s education system largely evolved from the British 

curriculum and school structures consistent with its colonial past and current 

Commonwealth status. While the Australian education system lacks the long tradition 

of the Chinese, in 2001, an ideal blueprint for effective science teaching was developed 

and expressed in a document titled The Status and Quality of Teaching and Learning of 
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Science in Australian Schools (Goodrum, et al., 2001). Ideal science teaching in 

Australia as expressed in this document is based on the rationale that scientific literacy 

is a high priority for all citizens. The ideal goal of scientific literacy means that all 

students’ science education should enable them to understand the world and make 

informed decisions about the environment and their own well-being (Goodrum, et al., 

2001). The blueprint consisted of the following themes, revealing the ideal approach to 

the primary science curriculum. 

 Teaching and learning of science is centred on inquiry. Students investigate, 

construct and test ideas and explanations about the natural world. 

 The teaching-learning environment is characterised by enjoyment, fulfilment, 

ownership of and engagement in learning, and mutual respect between the 

teacher and students. 

 Class sizes make it possible to employ a range of teaching strategies and provide 

opportunities for the teacher to get to know each child as a learner and give 

feedback to individuals (Goodrum, et al., 2001, p. vii). 

Australian educators have stressed that science teaching should focus on quality of 

understanding rather than the quantity of facts presented to students (Murcia, 2007; 

Nall-Bird, 2004; Rennie, 2005; Thomson, 2006). Further, student-centred approaches 

are considered an effective teaching method to engage students in scientific inquiry 

(Murcia, 2007). The current primary science curricula in both countries emphasise the 

incorporation of scientific inquiry into science lessons (Curriculum and Teaching 

Materials Research Institute, 2001; Curriculum Council Western Australia, 1998). 
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Teaching and Learning of Science in China and Other Confucian-heritage 
Cultures 

Referred to as “Confucian-heritage” cultures (Biggs, 1996, p. 46), Singapore, Hong 

Kong and Taiwan are known for their large size classes with more than 40 children, 

highly authoritarian learning climate, expository teaching methods and examination-

oriented learning (Biggs, 1996). According to Stigler and Stevenson (1991) there is a 

common western stereotype of the Asian teacher as an “authoritarian purveyor of 

information, who expects students to listen and memorise answers and procedures 

rather than to construct knowledge themselves” (1991, p. 43). Some research has 

confirmed that, with Confucianism as the main conception of teaching, many science 

teachers in mainland China prefer an authoritarian, directed style to their teaching 

practice and tend to dominate most of the class time to provide students with content 

knowledge and good examples of subject matter to learn (Gao, 1998). For example, in 

all the physics lessons Gao (1995) observed in 17 senior high schools in Guangzhou, 65 

percent of the class time was teacher lecturing, 23 percent was teacher-student 

interaction, 11 percent was student written exercises, and only one percent was allocated 

to students’ group hands-on activities or discussion. 

It is an interesting paradox to westerners that the four-year cycle of Trends in 

International Mathematics and Science Study (TIMSS) results showed that Confucian-

heritage culture children often outperform their western counterparts who are schooled 

in more learner-friendly environments (Martin, et al., 2008b; Martin, et al., 2004). It has 

been suggested that this superior performance can be traced to Chinese children being 

more sophisticated in their use of higher-level conceptual strategies (Biggs, 1996) and 

because teachers tend to pose provocative questions, allowing reflection time and 

varying techniques to suit individual children (Stigler & Stevenson, 1991). A large body 

of research has been conducted in an attempt to better understand why Asian countries 
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consistently score at the top and to elucidate their secrets of success (Aun, et al., 2006; 

House, 2000, 2005, 2007; Kember, 2000; Linn, et al., 2000). 

Considerable research has been conducted in Taiwan. While politically 

disconnected from mainland China, Taiwanese students are identified as Confucian 

heritage children with regard to their education (Biggs, 1996). According to Chang and 

Mao (1999) traditional instruction in junior high school science classes in Taiwan was 

the lecture format, with the use of textbooks and other materials, and clear explanations 

of important concepts. There were occasional demonstrations with models and review 

of textbook topics. The instruction was described as teacher-centred and “teachers 

undertook the task of transferring science knowledge to the students” (Chang & Mao, 

1999, p. 343). Researchers attributed this instructional method to the culture-based 

learning and teaching style. This traditional approach to instruction has prevailed in the 

science classrooms for a long time and it is evident in the research that students in 

Taiwan are quiet and are not accustomed to participating in cooperative learning (Chang 

& Mao, 1999). 

Observation of Year 7 to Year 9 science classes by researchers in Taiwan further 

confirmed the teacher-centred approaches, as well as the passive role of the students 

(Aldridge & Fraser, 2000; Aldridge, et al., 1999; Aldridge, Fraser, Taylor, & Chen, 

2000). Interviews with science teachers reported that the approach was a result of the 

examination-driven nature of the curriculum. Some teachers explained that the way they 

teach was constrained by the curriculum as they had to cover the content in the given 

time frame. The competitive nature of the curriculum encouraged teachers to stress 

developing students’ academic ability rather than their conceptual understanding. 

Researchers (Aldridge & Fraser, 2000; Aldridge, et al., 1999; Aldridge, et al., 2000; 

Cortazzi, 1998) also noticed that teachers had high status within the community and 

were highly respected by their students. Teachers often prepared key questions carefully, 
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but few planned for children to ask questions, and children seldom questioned the 

teaching methods or the lesson content. Vulliamy (1998) noticed that a significant 

feature of Taiwanese primary schools that differentiates them from most primary 

schools in western countries is that they tend to have specialist science teachers.  

Other researchers who examined Chinese classrooms revealed more insight into 

Confucian heritage-based instruction. Cortazzi’s study (1998) in mainland China also 

revealed teachers’ strong expectations of group conformity which was attributed to 

“collective orientation” (1998, p. 43) a term used to describe people’s strong sense of 

wanting to be part of their community. He found that the interactive whole-class 

teaching style in China had a rapid pace with a variety of activities, lots of active 

involvement, and both verbal and cognitive participation from children. Vulliamy (1998) 

also noted widespread use of interactive whole-class teaching, and that Taiwanese 

teachers have a clear and explicit expectation that all children in the class should reach 

given standards. 

Other researchers investigated and analysed discourse in Chinese classrooms 

(Cortazzi, 1998; Jin & Cortazzi, 1998). These researchers found that teacher-student 

exchanges were appropriately and effectively used by teachers to challenge students’ 

thinking. In formal, Chinese classroom settings, teachers were often found to ask a 

question as an initiator, a student gives an answer which is then followed by the 

teacher’s detailed feedback and comment. Through this pattern, the teacher sometimes 

focuses on a single student’s thinking, and sometimes extends the exchange to the 

whole class. Moreover, teachers were found to use this question pattern repeatedly as a 

model to show students how to talk and learn through concentrated listening. This 

approach was considered by the researchers as closely representing the theoretical 

notion of scaffolding (Wood, Bruner, & Ross, 1976); however, we note the similarities 

between the observations of these researchers and the Confucian educational philosophy 
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that promotes quality questioning by teachers and active thought by students. Parallels 

also can be drawn with Vygotsky’s sociocultural theory (1978), where teacher talk and 

teacher-student interactions are considered to be the medium and tools of learning. 

Vygotsky claimed that skilful teachers gradually guide learners through the zone of 

proximal development (ZPD) towards their potential developmental levels by probing 

ideas and asking questions. Researchers (Cortazzi, 1998; Jin & Cortazzi, 1998) 

concluded that teachers in China used classroom talk effectively to demonstrate 

concepts and encouraged children to explain what they know and how they think.  

Teaching and Learning of Science in Australia 

The actual picture of the teaching and learning of science in primary schools in 

Australia was found by Goodrum, Hackling and Rennie’s (2001) extensive, national 

study to be quite different from the ideal one, but reflecting considerable variability. At 

one end of the spectrum, science was found to be not taught at all in some primary 

schools. At the other end, primary science was taught in a highly student-centred and 

activity-based manner, which students tended to enjoy (Department of Education 

Training and the Arts, 2006; Goodrum, et al., 2001; Goodrum & Rennie, 2007; 

Hackling & Prain, 2005; Tytler, 2007). 

Goodrum, et al. (2001) found that when Australian students move to high school, 

they often are disappointed because science lessons are “traditional chalk-and-talk 

teaching, copying notes and … offer little challenge or excitement to students” (p. viii). 

Other researchers found a different picture, perhaps reflecting the variability also 

reported by Goodrum and colleagues. For example, after observing 50 Year 8 to Year 

10 science classes in 25 schools in Western Australia, Aldridge and colleagues 

(Aldridge & Fraser, 2000; Aldridge, et al., 1999) pointed out that the majority of 

Australian teachers tried to use a variety of innovative and creative teaching methods to 

develop a range of abilities in their students, and moved between whole-class 
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instruction and group activities. Interviews with teachers revealed that they had 

considerable freedom to decide how the content of the curriculum was delivered. These 

researchers noted that resources, books and photocopied materials were widely used by 

teachers in Australia and student portfolios were sometimes used in science classrooms 

for self and peer assessment. Australian teachers usually asked questions to the whole 

class and selected only those who raised their hands. They were sensitive to students’ 

self esteem and tended to make positive comments as a follow up to students’ responses.  

The TIMSS video study (Lokan, et al., 2006), a comprehensive study of Year 8 

science teaching in five countries, including Australia, described in detail the current 

patterns of teaching practices. The Australian sample consisted of 87 schools randomly 

selected to represent all states, territories, sectors, and geographic locations. The class 

sizes ranged from 13 to 32, with an average of 26 students. The overall annual 

instructional time for Year 8 school science was approximately 129 hours. Observations 

from the videos indicated that textbooks were used in only 31 percent of Australian 

science classes. About 90 percent of the Australian science lessons included practical 

activities, which were directed or guided by the teacher and undertaken by students 

working in groups. Some Australian educators have expressed their concern that the 

actual methods of school science in Australia are too simplistic and that authentic 

scientific investigations are rarely performed (Hassan & Treagust, 2003; Nall-Bird, 

2004). Science teachers tended to distribute equal time to whole-class instruction and 

group work. Moreover, they spent a large proportion of the class time presenting and 

discussing scientific concepts, experimental procedures, and connecting scientific 

knowledge to real life issues. In the majority of content-based lessons, teachers were 

able to establish strong conceptual links in the material presented to the students and put 

more emphasis on developing students’ conceptual understanding, rather than acquiring 

or memorising facts or definitions. 
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Significance of the Research 

As explained at the beginning of this paper, this study is based on our previous findings 

that showed that in upper primary school, students in medium and low socioeconomic 

schools in China have measurably poorer conceptual understandings of science 

compared with upper primary school students in paired schools in Australia. This 

current study is significant and adds to the literature because it takes into consideration, 

not only the cultural and philosophical differences in the ways that the primary science 

curriculum is delivered but also the variation with regard to socioeconomic status within 

each of the countries.  

Methods 

This study was designed to explore Chinese and Australian Year 6 science classrooms 

in terms of the curriculum-in-action and the experiential curriculum. The term 

curriculum-in-action is defined by van den Akker as “the actual instructional processes 

in the classroom” (1998, p. 422), something that also is referred to as the operational or 

the enacted curriculum. The term experiential curriculum is defined as “the actual 

learning experiences of the students” in contrast with what an observer or the teacher 

thinks they are doing (1998, p. 422). These terms were useful in clearly differentiating 

what it was that we were interested in compared with the formal curriculum, that is, 

“the vision elaborated in a curriculum document” (1998, p. 421). The examination of 

both the curriculum-in-action and experiential curriculum is a form of triangulation of 

data sources that enhances the rigour of the research (Creswell, 2003; Patton, 2002) and 

provides a richer understanding of classroom activities from both observer and student 

perspectives. 

The research was conducted in the same schools with the same children and their 

teachers as our previous studies that reported the students’ conceptual understandings of 

science (Tao, et al., 2012, in press-b). The last term of Year 6 was considered the most 
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appropriate time in primary school to conduct the research because children in both 

countries have received a minimum four years of science instruction and were, therefore, 

likely to understand what science is, know when their teachers were teaching science 

and recognise different approaches to teaching. Further, Year 6 was when the 

differences were observed in students’ conceptual understanding in the medium and low 

socioeconomic schools in China and Australia. We were interested to see if the 

curriculum-in-action and/or the experiential curriculum provided possible explanations 

for the differences in students’ conceptual understanding. The research questions were: 

a. How is the formal science curriculum organised in each Chinese and 

Australian case study school? 

b. What does the curriculum-in-action look like in Year 6 science classrooms in 

each Chinese and Australian case study school? 

c. What is the experiential curriculum in science for participating Chinese and 

Australian Year 6 students? 

The research design was a multiple, comparative case study (Yin, 2003) of six 

schools including three in Hunan Province, central south China and three in Western 

Australia. In order to facilitate the comparison of case studies, pairs of schools with 

similar socioeconomic status, geographic location and sector were selected. Participants 

were Year 6 children from three schools of high, medium and low socioeconomic status 

in China (n=140) and Australia (n=105). The schools in China are represented by the 

notation: C1 (n=46), C2 (n=44), and C3 (n=50), C1 being the high socioeconomic 

school and C3 the low socioeconomic school. Similarly, the schools in Australia are 

represented by the notation: A1 (n=31), A2 (n=34), and A3 (n=40). The socioeconomic 

status of the three Australian schools was determined through a metric called Index of 

Community Socio-Educational Advantage (ICSEA) that is available from the federal 

government’s ‘My School’ website (http://www.myschool.edu.au). In China, the 
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socioeconomic status of the three schools was established through a questionnaire 

completed by the principal about the school’s demographic characteristics, resources 

and environment. The questionnaire was developed from the Chinese version of the 

TIMSS 2007 school questionnaires (http://www.sec.ntnu.edu.tw/NSC/TIMSS/TIMSS.htm). 

A profile of each case study school including socioeconomic status, location, sector, 

year range, student population, class size and time of national or state wide exams is 

presented in Table 5.1. 

Table 5.1 Profiles of Participating Case Study Schools 

School 

code 

SES Location Sector Year 

range

Student 

population

Class 

size 

National/State 

Exam 

C1 high city public 1-6 1100 45 Year 6 

A1 high city public K-7 500 30 Year 7 

C2 medium suburb private 1-6 1200 40 Year 6 

A2 medium suburb private K-7 450 26 Year 7 

C3 low semi-rural public K-6 700 50 Year 6 

A3 low semi-rural public K-7 630 30 Year 7 

Note: SES = socioeconomic status 

Data Collection and Analysis 

Three main forms of data collection were used to answer the research questions 

including: 1) a teacher interview, including a school tour and document collection, 2) 

classroom observation and, 3) a student questionnaire. Each of these methods of data 

collection is elaborated below. 

Teacher interviews, school tour and document collection 

To gain insight into how science is organised in each case study school (Research 

Question a), an interview, that incorporated a school tour and document collection, was 

conducted with the teacher who taught science to the Year 6 students. The interview 

protocol included questions about the nature of the science teaching in each school such 

as the teacher’s background, teaching resources, instruction time, textbook use and the 
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availability of a science laboratory or science equipment. The interview also included a 

tour of the school and observation of the science laboratory or classroom and storage 

facilities for science equipment if they existed in the school. During the interview and 

school tour with the Year 6 science teacher, relevant documents including teaching 

programs were photocopied and returned to the teacher. Interviews were audio recorded 

and digital photographs were taken of the science facilities in each school. These data 

were used to generate a table that summarises important information relevant to 

Research Question a about how science is organised in each case study school. 

Classroom observation 

Classroom observations were conducted in order to collect data about the science 

curriculum-in-action (Research Question b). One science lesson in each case study 

school was observed by a researcher from China and a researcher from Australia. It was 

considered important that researchers from both cultures visit all case study schools in 

both countries so that interpretations of the data could be compared and discussed from 

the different cultural perspectives. This approach enhances the rigour of the research 

through a processes termed analyst triangulation (Patton, 2002, p. 556). In China, one of 

the researchers whose mother tongue is Mandarin consecutively interpreted the lesson 

to the English speaking researcher. 

The duration of classroom observation was approximately 45 minutes for each 

lesson in China and Australia. Field notes and audio recordings were used to collect 

data using Walker and Adelman’s (1975) guidelines and observation points (pp. 7-19). 

The use of both field notes and audio recordings is a form of triangulation of sources 

(Patton, 2002). The field notes and audio recordings were used to generate a summary 

of each lesson outlining the topic of the lesson, and the activities observed during the 

introduction of the lesson, the body of the lesson and the lesson conclusion. The 

summaries were developed by one observer and checked and discussed with the second 
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observer. Some minor modifications were made to the summaries as a result of the 

discussion and reference back to the raw data.  

Student questionnaire 

A student questionnaire was administered to all participating Year 6 students in all case 

study schools to collect data that reflected the experiential curriculum (Research 

Question c). The questionnaire included ten items on students’ self-concepts towards 

classroom instructional practices related to science teaching, which were selected from 

the TIMSS 2007 student questionnaires, (http://timssandpirls.bc.edu/TIMSS2007/context.html 

[English version]; (http://www.sec.ntnu.edu.tw/NSC/TIMSS/TIMSS.htm [Chinese version]). The 

questionnaire asked students how often they are engaged in inquiry-related instructional 

activities including making an observation and recording what was seen, watching the 

teacher conduct an experiment, designing a science experiment, and working in a group 

on an experiment. The questionnaire also asked students how often they are engaged in 

other learning activities including reading science textbooks and memorising science 

facts. (The complete student questionnaire is presented in Appendix B and C). Students 

reported how often they thought they did these activities by selecting from a scale of 

four statements including: ‘at least once a week’, ‘once/twice a month’, ‘a few times a 

year (rarely)’ or ‘never’. 

The students’ responses to the questionnaire items were analysed by assigning 

scores of three, two, one and zero for the most to the least frequent activity and entered 

into a Statistical Package for the Social Sciences (SPSS) database. These data were 

analysed and are displayed in the findings in two ways. First, the percentage of students 

from each school who reported doing each classroom activity once/twice a month or 

more was calculated. This method of analysing the data allowed comparisons to be 

made across all teaching activities in case study schools as well as with the international 

data released from the TIMSS 2007 report (Martin, Mullis, & Foy, 2008a). The second 
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method of data analysis was used to more deeply explore the responses to each item on 

the questionnaire. Due to the ordinal nature of the data, five number summaries were 

created and displayed as boxplots so that comparisons could readily be made between 

case study schools. Five number summaries are generated using the median, the 25th 

percentile or lower quartile, the 75th percentile or upper quartile, the minimum data 

value, and the maximum data value. The horizontal line in the middle of the box is the 

median of the measured values, the upper and lower sides of the box are the upper and 

lower quartiles, and the bars at the end of the vertical lines are the data minimum and 

maximum values (Allen & Bennett, 2008). The findings from five questionnaire items 

were selected to more deeply explore the high frequency of textbook use and 

memorisation of facts reported in Chinese schools (Biggs, 1996) and the high frequency 

of participation in inquiry-based activities reported in Australian schools (Goodrum, et 

al., 2001). Moreover, children’s responses to these questionnaire items triangulate with 

the findings from classroom observation and interviews with teachers. 

Findings 

The findings from this cross-cultural study of approaches to the teaching and learning of 

science in Chinese and Australian primary classrooms are presented in three sections 

that address the research questions. The first section presents the quantitative findings of 

the organization of the formal curriculum in each case study school based on teacher 

questionnaire and interview. The second section presents the qualitative findings of the 

curriculum-in-action in each case study school based on science lesson observation. 

This is then followed by the third section presenting the quantitative findings of the 

experiential curriculum in each case study school based on student questionnaire 
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Organisation of the Formal Science Curriculum 

In this section Research Question a is addressed: How is the formal science curriculum 

organised in each Chinese and Australian case study school? 

An overview of the science teaching context in each case study school, including 

teachers, teaching resources and facilities and instruction time, is presented in Table 5.2. 

Table 5.2 An Overview of Science Teaching Context in Each Case Study School  

School Teacher Textbook/ 

resources 

Science instruction 

time  

Teaching 

facilities 

C1 science specialist science textbook* 2 hours/week laboratory 

 

A1 science specialist prepared by teacher 1-2 hours/fortnight classroom and 

storeroom 

C2 science specialist science textbook* 3 hours/week classroom and 

storeroom 

A2 generalist with some 

science background 

prepared by teacher 1.5 hours/week classroom 

C3 Chinese literacy 

teacher 

science textbook** 3 hours/week classroom 

 

A3 generalist science textbook  1-2 hours/fortnight classroom 

Note: textbook*-national version, textbook**-provincial version 

 
The Chinese C1 case study school (high socioeconomic status) was the only school 

to have a science laboratory with troughs, water, gas taps and other equipment such as 

beakers (Table 5.2). The Chinese C2 case study school (medium socioeconomic status) 

had a designated science classroom to which children moved when they were taking a 

science lesson and there also was a storeroom for science equipment. The teacher 

explained that she often had to source materials for science experiments by herself, for 

example, she had to get iron filings from a local factory. The specialist science teachers 

in China were responsible for preparing and setting up all the equipment for their 

lessons. The Australian high socioeconomic school (A1) also had a science storeroom 

(Table 5.2), but children remained in their homerooms for science lessons and 
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equipment was brought to their classroom on a trolley when needed. 

All Chinese schools used either the national or provincial version of a science 

textbook to guide their lessons (Table 5.2). The Australian teachers generally prepared 

their own teaching materials including classroom worksheets for their students. Only 

the teacher in the Australian low socioeconomic school used a textbook called 

Transition Science (Curriculum Branch Education Department of Western Australia, 

1986). Another difference was that science was taught for about twice the amount of 

time per week in the Chinese schools compared with the Australian schools (Table 5.2). 

The TIMSS 2007 report (Martin, et al., 2008a) shows that internationally, textbooks 

remain the primary basis of science instruction at both Year 4 and Year 8. At Year 4, 52 

percent of teachers reported that they used a textbook as the primary basis of their 

lessons, 34 percent of teachers reported using textbooks as a supplementary resource, 

and 14 percent of teachers reported that they didn’t use a textbook in science instruction. 

The report also indicated there was very little textbook use in Year 4 science in 

Australia (Martin, et al., 2008a). Mainland China has not participated in TIMSS, 

therefore, data about Chinese science teachers’ reliance on textbooks are not available. 

However, data from Chinese Taipei and Hong Kong SAR from the TIMSS 2007 report 

(Martin, et al., 2008a) provides reference for our findings. Table 5.3 presents teachers’ 

feedback on science textbook use in Australia, Chinese Taipei and Hong Kong SAR in 

comparison with the international average. 

Our interviews with the Chinese science teachers revealed that schools in Hunan 

Province can choose from several science textbooks.  The Chinese C1 case study school 

used a textbook published by The People’s Education Press, C2 used a textbook 

published by Educational Science Press; and C3 used a textbook published by Hunan 

Education Press. The former two are issued by the Ministry of Education, are written 

with broad, nationally recognised examples and contexts and are widely used in cities 
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such as Beijing and Shanghai. The latter is issued by the Department of Education, 

Hunan Provincial Government and is written for the local context. All three science 

textbooks are activity-based and include guides for lesson preparation and sources of 

student activities. 

Table 5.3 Teachers’ Feedback on Textbook Use in Teaching Science from the 

TIMSS 2007 Report (Martin, et al., 2008a) 

Country/Region Percentages of teachers reporting textbook use 

 Use textbook to teach science Do not use 

textbook 

 As primary basis 

for lessons (%) 

As supplementary 

resource (%) 

 

(%) 

Australia 4 14 82 

Chinese Taipei 90 8 2 

Hong Kong SAR 93 6 1 

International Average 52 34 14 

 

Curriculum-in-action 

In this section Research Question b is addressed: What does the curriculum-in-action 

look like in Year 6 science classrooms in each Chinese and Australian case study school? 

The topics of the science lessons observed in the six case study schools varied 

considerably and included the expansion and contraction of air (C1), building bridges 

(A1), magnetism (C2), bird watching (A2), water pollution (C3) and plant growth and 

sunlight (A3). A summary of each lesson is provided in Table 5.4.  
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Table 5.4 Summaries of the Science Lessons Observed in Each Case Study School 

School Topic Lesson 

introduction 

Student activity in body of 

lesson 

Lesson conclusion 

C1 Expansion 

and 

contraction 

of air 

The teacher: 

 asked 
questions 

 made an 
hypothesis 

 demonstrated 
an experiment 

The students:

 worked in groups and set 
up tripod for heating a 
beaker of water 

 put a bubble of water into 
a plunger  

 placed the plunger into the 
hot water and observing 
the bubble of water 

 placed the plunger into 
cold water and observing 
the bubble of water 

The teacher: 

 drew the 
students’ 
attention to the 
front 

 asked the student 
what they 
observed 

The students: 

 explained their 
findings 

 chanted the 
results 

A1 Building 

bridges 

The teacher: 

 showed 
pictures of 
world famous 
bridges 

 gave children 
reading 
materials on 
types of 
bridges 

 reviewed the 
concept of 
‘tension’ 

The students:

 worked in groups and 
wrote down the bridges 
they know 

 worked individually and 
tested the strength of 
different types of paper 

 worked in pairs and felt 
the tension by pulling and 
pushing each other 

 individually designed 
bridges 

 worked in groups and 
built bridges with pop 
sticks, ropes, straws and 
glue 

The teacher: 

 gathered the 
students back into 
the classroom 

 commented on 
the bridges 

 reviewed 
different types of 
bridges 

 

The students: 

 displayed their 
bridges 
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C2 Magnetism The teacher:

 asked 
students 
questions 
about what 
they learned 
in the last 
lesson 

 showed 
students a test 
tube filled 
with water 
with a paper 
clip in the 
bottom 

 challenged 
children to 
think how to 
get the paper 
clip out of the 
test tube 
without 
tipping out 
the water 

The students:

 worked in groups and 
explored materials with 
bar magnets and recorded 
the results 

 came to the front of the 
class in pairs and 
performed an arm wrestle 
as an analogy of ‘strong’ 
and ‘weak’ 

 worked as a whole class 
to find the strongest part 
of a bar magnet by 
counting the number of 
paper clips the teacher 
could hang from each 
pole and the middle 

 worked in groups to 
explore a magnetic field 
using a magnet and iron 
filings 

The teacher:

 asked students 
which materials 
they found 
magnetic 

 summarised 
important facts 
about magnets  

 retrieved the 
paper clip from 
of the test tube 
with a magnet 

 collected 
children’s group 
work report 
sheets 
 

The students: 

 chanted facts 
about magnets 
 

A2 Bird 

watching 

(Scientist in 

Schools 

Program) 

The teacher:

 invited a 
scientist into 
the classroom 
and 
introduced 
the program 
of bird 
watching 

 took students 
to the bush 
land located 
directly 
behind the 
school 

 

The students: 

 observed 
birds and 
completed 
bird log 
books 

The students:

 in groups of three or four 
created a bird data base, 
including type of bird, 
physical features, gender, 
size, eating habits, 
numbers of birds 

 discussed in small groups 
a specific bird that they 
were interested in and 
watched 

 presented information 
about specific birds to the 
whole class including a 
wood pigeon and a pink 
and grey galah 
 

The teacher:

 assessed 
students’ 
investigation 
skills through 
their 
presentations and 
the completeness 
of each group’s 
bird data base 

 conducted a 
whole class 
discussion 
summarising the 
data students had 
collected 
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C3 Water 

pollution 

The teacher: 

 reviewed the 
previous 
lesson by 
asking 
questions 

 wrote the 
topic on the 
blackboard 

 read from the 
textbook 
while 
students 
silently 
followed the 
text 

The students:

 raised hands to respond to 
the teacher’s questions 

 wrote down notes from 
the blackboard in their 
notebooks 

 participated in a whole 
class discussion about the 
causes of water pollution 

The teacher: 

 summarised 
important facts 
on the blackboard  

 gave students 
homework 

 

A3 Variables in 

a plant 

growth 

experiment  

The teacher:  

 recalled the 
last 
experiment 
on plant 
growth 

 asked 
students 
about their 
findings 

 gave out work 
sheets and 
asked the 
students what 
variables 
were in the 
experiment 

The students:

 worked individually 
using dictionaries to look 
up the meanings of 
dependent and 
independent variables  

 worked in pairs and 
discussed the independent 
and dependent variables 
in their last experiment 

 raised hands to give their 
answers to the teacher 

The teacher: 

 paraphrased the 
meaning of 
dependent and 
independent 
variable  

 wrote students’ 
answers on the 
white board 

 collected the 
students’ work 
sheets 

 

Our observation suggested that, in general, the teaching objectives in each of the 

observed lessons were clear and the students were involved in activities relevant to the 

lesson objectives. However, our observations indicated that there tended to be more 

innovative teaching strategies evident in the high and medium socioeconomic schools in 

both China and Australia and that the lessons in both the low socioeconomic schools 

involved more teacher talk and individual work by students. For example, the teachers 

in the high and medium socioeconomic schools in Australia and China (C1, A1, C2 and 
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A2) all conducted practical investigations as part of their lesson but the teachers in the 

low socioeconomic schools in China and Australia (C3 and A3) did not (Table 5.4). The 

teachers in both low socioeconomic schools required students to individually write 

notes (either from the blackboard or on a worksheet) and participate in whole class 

discussion (Table 5.4). While the teacher in the low socioeconomic school in Australia 

(A3) referred to a previous investigation the students had conducted, no practical work 

was required of the students in the observed lesson. 

Other strategies observed in the curriculum-in-action that support the assertion that 

the teachers in the high and medium socioeconomic schools in both countries used more 

innovative teaching strategies than the teachers in the low socioeconomic schools are 

evident in the data presented in Table 5.4. For example, two lessons incorporated role 

plays where the students were required to ‘act out’ some aspect of a science concept. In 

A1 students worked in pairs and experienced ‘tension’ by pulling and pushing each 

other, and in C2, pairs of students came to the front of the class to perform an arm 

wrestle to represent ‘strong’ and ‘weak’ magnetic forces (Table 5.4).  

Group work was a common feature in the majority of the observed lessons (Table 

5.4). Students in C1 worked in small groups to conduct an experiment on the expansion 

and contraction of air and students in A1 worked in small groups to build bridges with 

pop sticks. In C2, students worked in small groups to experiment with bar magnets and 

iron filings and in A2, small groups of students were involved in data collection about 

birds and the presentation of their findings to the whole class. While students in the low 

socioeconomic school in Australia (A3) worked in pairs to discuss dependent and 

independent variables, this lesson did not involve the students in conducting practical 

work or solving problems in groups. The only lesson that did not involve group work at 

all was the lesson observed in the Chinese low socioeconomic school (C3) where 

students worked the entire lesson either individually or as a whole class. 
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Dialogue between teachers and students was common in the observed science 

lessons. At the beginning of some lessons, the teacher asked a number of questions to 

help students recall what they did in the previous lesson (C2, C3 and A3) (Table 5.4). 

Some teachers engaged students with a hypothesis (C1), or challenging question (C2) 

and then drew their attention to a new task they were going to solve in the observed 

lesson (Table 5.4). Other teachers engaged students at the beginning of the lesson with 

pictures (A1), a guest speaker (A2), and a demonstration (C1). 

Some differences were noted between the science curriculum-in-action in the two 

countries of China and Australia. Our observation, interviews with teachers and 

document collection suggested that science lessons in China tended to focus on an 

independent scientific concept in each lesson, whereas the Australian teachers often 

organised a series of science lessons with teacher demonstration and student activities 

for students to understand a certain scientific concept. Another interesting difference 

noted in the curriculum-in-action was that students in the Chinese high and medium 

socioeconomic schools (C1 and C2) chanted important facts at the end of their lessons 

on the expansion and contraction of air and magnetism (Table 5.4). Discussion between 

the Chinese and Australian researchers and the teachers indicated that chanting may be 

more common in Chinese science lessons than in Australian science lessons. Student 

presentations of work were evident in two of the observed lessons in Australia, A1 and 

A2 (Table 5.4) but not in any of the lessons in Chinese schools. In A1, students 

displayed the bridges they built to the rest of the class, and in A2, students made 

presentations on the data they collected about a specific bird. Computer use was only 

observed in the lesson in A2 where students created a data base about bird facts (Table 

5.4). 

Unlike previous studies revealing striking differences in classroom practices 

between the east and the west (Aldridge & Fraser, 2000; Aldridge, et al., 1999; Leung, 
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1995; Linn, et al., 2000), as well as describing an authoritative science teacher 

(Aldridge & Fraser, 2000; Aldridge, et al., 1999; Biggs, 1996; Cortazzi, 1998), our 

findings of this case study indicated similarities in the role of teachers in China and 

Australia. Instead of being a knowledge transformer, science teachers that we observed 

in the Chinese high and medium socioeconomic primary schools were the leaders and 

facilitators of the inquiry process. They engaged students in formulating hypotheses, 

gathering information, interpreting data, and drawing logical conclusions. Due to a large 

number of students (45-50) in a classroom, during the student activities teachers 

constantly moved from one group to another to make sure that all the students received 

attention and help. Teachers raised questions at the beginning of the lesson to draw out 

students’ preconceptions about the concept they were going to learn and provided them 

with opportunities at the end of the lesson to reflect on their own ideas. The large 

number of students in the observed Chinese lessons may explain the observed tendency 

for Chinese teachers, but not Australian teachers, to use chanting as a teaching strategy 

and the observed tendency for Australian teachers, but not Chinese teachers, to allow 

students to make individual or group presentations to the class.  

In contrast with the lessons observed in the other two Chinese schools, the teacher 

of Year 6 science at C3 (the low socioeconomic school) was a Chinese literacy teacher. 

The lesson we observed was a traditional, whole class instruction style. The teacher read 

the textbook at the front of the classroom and wrote down the important concepts on the 

blackboard for students to take notes. The teacher asked students several questions to 

gain their attention. However, due to insufficient science teaching resources and 

facilities in the Chinese low socioeconomic school (C3), whole-class lecturing and the 

traditional chalk-and-talk approach was the only option for managing 50 students in one 

class (Table 5.4). 
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The Experiential Curriculum 

In this section Research Question c is addressed: What is the experiential curriculum in 

science for participating Chinese and Australian Year 6 students? 

In order to understand the experiential curriculum as perceived by the participating 

students, the questionnaire consisted of ten questions and each focused on a different 

learning activity including: 1) reading science textbooks, 2) memorising science facts, 3) 

looking at the weather or growing plants, 4) writing or giving explanations, 5) watching 

the teacher conduct a science experiment, 6) designing or planning a science experiment, 

7) doing a science experiment, 8) working in small groups on a science experiment, 9) 

working science problems on their own, and 10) using a computer in science lessons. 

In this section of the findings, the comparative student perceptions of frequencies of 

all ten activities in all case study schools are initially considered. Subsequently, the 

patterns and trends evident for five of the activities, namely, reading science textbooks, 

memorising science facts, watching the teacher conduct a science experiment, doing a 

science experiment, and working in a small group on a science experiment are explored 

in more detail.  

Comparative student perceptions of frequencies of ten classroom activities in science 

According to the participating Year 6 Chinese students, their most frequent activities in 

science class were writing or giving an explanation about what they were learning, 

followed by watching the teacher do a science experiment (Table 5.5). On average, 92 

and 86 percent of children reported that they spent time on these activities at least once 

or twice a month. Working in small groups (66%) and making an observation (66%) 

were equally next most frequent, followed by doing a science experiment (58%) and 

designing an experiment (44%) (Table 5.5). Interviews with the Chinese science 

teachers suggested that about 80 percent of the lessons from the textbook have well-

designed activities to facilitate children’s understanding of the target concepts.  
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In Australian science lessons, however, working in a small group on a science 

experiment was the most frequent activity (Table 5.5). On average, 68 percent of 

children reported that they were engaged in this activity at least once or twice a month. 

Designing a science experiment, doing a science experiment and writing or giving an 

explanation were about equally frequent activities, with 54 percent and 61 percent of 

Year 6 students reporting doing these activities more than once or twice a month. The 

least frequent activities were watching the teacher demonstrate an experiment (45%) 

and making observations of the weather or a plant growing (27%) (Table 5.5).  

According to the TIMSS 2007 report (Martin, et al., 2008a), the most frequent 

science investigation activities reported by Year 4 children internationally were writing 

or giving an explanation for what was being studied and watching the teacher 

demonstrate a science experiment. Nearly 70 percent of children reported that they 

spent time on these activities more than once or twice a month. Working in a small 

group on a science experiment (56%) and observing the weather or a plant growing 

(52%) were the next most frequent activities, followed by doing a science experiment 

(49%) and designing a science experiment (47%). The trends for the Chinese Year 6 

children in these case studies closely corresponded with the trends of TIMSS 2007 

international average for the Year 4 students (Table 5.5). 

As Table 5.5 indicates, larger percentages of Chinese Year 6 children reported 

engaging in instructional activities such as observing the weather or a plant growing, 

writing or giving an explanation for what they are studying, and watching the teacher 

conduct a science experiment more than once or twice a month than their Australian 

counterparts. In contrast, percentages of Australian children in the case study schools 

reporting doing those three activities are below the international average. More 

Australian Year 6 children reported that they designed or planned a science experiment 

more than once or twice a month. Similar percentages of Chinese and Australian Year 6 
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children reported that they were engaged in doing a science experiment and working in 

a small group on a science experiment more than once or twice a month.  

Strong trends across the high, medium and low socioeconomic schools in each 

country are observable in the data presented in Table 5.5. For example, far fewer Year 6 

students in the low socioeconomic schools in both countries (C3 and A3) reported doing 

science experiments than students in the medium (C2 and A2) and high (C1 and A1) 

socioeconomic schools. In the next section we examine the trends within five of the 

items in more detail. 
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Table 5.5 Children's Responses to Questions about Frequencies of Doing the Following Activities in Science Lessons 

 

Cases 

Percentages of children who reported doing the activities once or twice a month or more (%) 

Look at the 

weather or a 

plant 

growing  

Watch 

teacher do a 

science 

experiment 

Design or 

plan a 

science 

experiment 

Do a science 

experiment 

Work in a 

small group on 

a science 

experiment 

Reading 

books about 

science 

Memorising 

science facts

Write or 

give an 

explanation  

Work 

science 

problems on 

my own 

Use a 

computer in 

science 

lessons 

C1 (High SES) 57 98 46 83 100 81 70 94 76 4 

C2 (Med SES) 75 89 34 50 59 73 93 91 93 9 

C3 (Low SES) 66 72 50 42 40 74 90 92 84 6 

Averagea 66 86 44 58 66 76 84 92 84 8 

A1 (High SES) 10 42 87 77 74 33 58 71 42 16 

A2 (Med SES) 24 38 47 50 65 24 50 76 53 18 

A3 (Low SES) 40 50 35 40 65 30 47 40 43 13 

Averageb 26 44 54 54 68 30 51 61 46 16 

Intnl Ave* 52 67 47 49 56 68 70 69 N/A N/A 

             Note: a-Chinese, b-Australian, *--TIMSS 2007 International Average, N/A—not available 
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At least once 

a week 

Once/twice a 

month 

Reading science textbooks 

Figure 5.1 shows that the Year 6 students in all three Chinese case study schools had a 

median frequency of reading science textbooks in class of ‘once or twice a month’ with 

larger variance in the medium and low socioeconomic schools. The students in the 

Australian case study schools indicated lower frequencies for reading science textbooks, 

with the high and medium socioeconomic schools having a median frequency of ‘rarely’ 

and the low socioeconomic school having a lower median frequency midway between 

‘rarely’ and ‘never’. The boxplot shows that science textbooks are more often used in 

the Chinese case study schools than the Australian case study schools. In China, 

children from the high socioeconomic school reported a higher frequency of reading 

science textbooks than children from the medium and low socioeconomic schools. In 

Australia, children from the high and medium socioeconomic schools reported higher 

frequencies of reading textbooks than children from the low socioeconomic school.  

 
Figure 5.1 Boxplot Representations of Student Reported Frequency of Reading 

Textbooks in Science Class 

At least once 

a week 

Once/twice a 

month 

Never 

Rarely 

Rarely 

Never 
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Memorising science facts 

Figure 5.2 represents the data reported by the participating children across the six case 

study schools regarding their perceived frequency of memorising facts in science class. 

In China, the medium and low socioeconomic schools (C2 and C3) reported a high 

emphasis on this activity, with the majority of children reporting that they memorised 

science facts ‘at least once a week’. The high socioeconomic school (C1) reported less 

emphasis on this activity with the median value being ‘once/twice a month’. Overall, 

the Australian children reported less emphasis on memorising science facts compared 

with their Chinese counterparts. The high socioeconomic school (A1), however, had the 

same median value as the Chinese high socioeconomic school (C1) of ‘once/twice a 

month’. The Australian medium socioeconomic school (A2) had a median value 

midway between ‘once/twice a month’ and ‘rarely’. The low socioeconomic school had 

the lowest median of ‘rarely’, suggesting the least emphasis on this activity.  

 

   

Figure 5.2 Boxplot Representations of Student Reported Frequency of Memorising 
Science Facts in Science Class 

At least once 

a week 

Once/twice a 

month 

Rarely  
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At least once 

a week 

Once/twice a 

month 

Rarely  

Never  
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Watching the teacher do a science experiment 

As Figure 5.3 shows, in China, the high socioeconomic school reported a much higher 

median than the medium and low socioeconomic schools, with the majority of children 

reporting that they watched the teacher conduct a science experiment ‘at least once a 

week’. The medium and low socioeconomic schools had an equal median for this 

question, with a larger variance among the children from the low socioeconomic school. 

In Australia, children from all three case study schools reported lower frequencies of 

doing this activity compared with their Chinese counterparts. The low socioeconomic 

school had a higher median than the high and medium socioeconomic schools, 

suggesting a greater emphasis on the teacher demonstrating science experiments in this 

school. 

 

Figure 5.3 Boxplot Representations of Student Reported Frequency of Watching the 
Teacher Do Experiments in Science Class 
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Doing a science experiment 

Figure 5.4 represents the data reported by the participating children across the six case 

study schools regarding the frequency of doing a science experiment in science lessons. 

The boxplot displays a similar pattern for China and Australia, with children from the 

high socioeconomic schools reporting the highest frequency of participating in this 

activity, children from the medium socioeconomic schools reporting a lower frequency 

and children from the low socioeconomic schools reporting the lowest frequency. C1 

and A1 reported a median value being ‘at least once a week’ and ‘once/twice a month’ 

respectively, indicating a greater emphasis on doing hands-on activities in science 

lessons. C3 and A3 reported the same median value being ‘rarely’, indicating much less 

emphasis on doing experiments. C2 and A2 reported a median value in between. 

 

Figure 5.4 Boxplot Representations of Student Reported Frequency of Doing 
Experiments in Science Class 
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Working in a small group 

Figure 5.5 represents the data reported by the participating children across the six case 

study schools regarding the frequency of working in a small group in science lessons. 

As Figure 5.5 shows, in China, the children in the high socioeconomic school reported 

the highest median, with the majority of children reporting that they worked in a small 

group ‘at least once a week’. The children from the medium socioeconomic school had 

a lower median value, and the children from the low socioeconomic school had the 

lowest median value and largest variance. In Australia, although the case study schools’ 

socioeconomic status varies, the majority of children from all three schools reported that 

they worked in a small groups in science lessons ‘once/twice a month’. The same 

median value reported by the Australian case study schools suggested a similar 

emphasis on group work in science lessons across all three schools. 

 

Figure 5.5 Boxplot Representations of Student Reported Frequency of Working in 
Groups on a Science Experiment 
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Discussion 

High Quality Science Education for All People 

Both Confucian and scientific literacy philosophies that underpin the science curricula 

in China and Australia promote and support a quality science education for all people, 

regardless of their background, their ability, or interest in science (Goodrum, et al., 

2001; Kuiper, 2010). While the original aim of this study was to explore the cultural 

differences to the teaching and learning of primary science in Australia and China, it has 

become apparent that the differences in schools within each country with regard to 

socioeconomic status have considerably more impact on the teachers’ ability to 

implement the curriculum and subsequently on student understanding of science. The 

findings of this research show that within each country the socioeconomic status of the 

school that students attend makes a difference to the curriculum-in-action and the 

experiential curriculum. This results in teaching and learning activities of a quality that 

possibly provides an explanation for our previous findings that in both countries, the 

lower the socioeconomic status of the case study school, the poorer the student’s 

conceptual understanding of science.  

Teaching and Learning Activities 

Larger percentages of the participating Chinese children, especially those children from 

the low socioeconomic school (C3), reported that they read science books and 

memorised science facts at least once a week. Our classroom observation in this school 

verified this finding. This indicates a greater emphasis on these two learning activities 

in Chinese science classrooms. A consistent finding is that larger percentages of the 

participating Australian children reported that they rarely read textbooks or memorise 

science facts in class (Table 5.5). These findings are consistent with previous studies on 

Chinese and Australian science classrooms (Hu, et al., 2007; Lokan, et al., 2006). In 
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both countries, children reported relatively higher frequency of memorising science 

facts than reading science books, which was not consistent with the TIMSS 2007 report 

(Martin, et al., 2008a). 

According to the TIMSS 2007 report on classroom characteristics and instruction 

(Martin, et al., 2008a), at the Year 4 level, students internationally reported about equal 

emphasis on reading in class and memorising science facts. In the low socioeconomic 

schools in both countries, science was taught by generalist primary school teachers 

rather by the science specialists. Therefore, it is likely that the teachers’ level of 

confidence in relation to scientific content and pedagogical knowledge were not as good 

as those teachers that specialised in science teaching. It was not surprising, therefore, 

that children from the low socioeconomic schools reported the highest frequencies of 

reading science books and memorising science facts. 

Our findings indicated that group work varied considerably in the Chinese schools. 

The higher the socioeconomic status of the school, the more frequently the students 

perceived they were involved in group work. In Australia, the socioeconomic status of 

the school did not impact on the students’ perceptions of their involvement in group 

work during science lessons. Previous research has shown that cooperative learning and 

inquiry activities increased student satisfaction, enjoyment and interest of learning 

science (Caccovo, 2001; Gibson & Chase, 2002; House, 2002a; Maheady, Michielli-

Pendl, & Mallette, 2002).  

Active Learning and Scientific Inquiry 

Both Confucian and scientific literacy philosophies promote active learning of 

knowledge by the student, rather than passive approaches (An, 2004; Goodrum, et al., 

2001). In science, an important aspect of learning to be a scientist and understanding 

what scientists do is to actively participate in inquiry and hands-on scientific 

experimentation and exploration (Rennie, 2005). Despite different curricula in both 



159 
 

countries, the Year 6 students’ performances on the science conceptual understanding 

survey (Tao, et al., in press-b) were positively correlated with their frequencies of 

participating in the scientific inquiry activities. This finding is consistent with previous 

research showing that inquiry-based instruction potentially provides significant 

advantages for science learning and is positively related to student achievement in 

science (Cobern et al., 2010; Fogleman, McNeill, & Krajcik, 2011; Gordon, Rogers, & 

Comfort, 2001; House, 2000, 2002b, 2005, 2006; Maheady, et al., 2002; McGehee, 

2001). 

Our findings indicated that insufficient teaching resources and facilities in the low 

socioeconomic schools as well as large class sizes in the Chinese schools reduced the 

children’s opportunities for participating in inquiry-based activities, as well as teachers’ 

opportunities to monitor their students more closely. Ideally, “excellent facilities, 

equipment and resources support teaching and learning” of science (Goodrum, et al., 

2001, p. vii). Unlike the high and medium socioeconomic schools that had a science 

laboratory and a science storeroom respectively, the low socioeconomic school in China 

was not equipped with such facilities. Teachers from the low socioeconomic schools in 

both countries explained that they had great difficulty preparing the materials and 

equipment required for hands-on activities and they could only use whatever was 

available to them in the near locality. Table 5.5 shows that children from the low 

socioeconomic school in China (C3) reported much lower frequencies of watching their 

teacher demonstrate a science experiment, doing a science experiment themselves and 

working in a small group on a science experiment compared with children from the 

other Chinese schools. Students from the Australian low socioeconomic school (A3) 

reported much lower frequencies of designing or planning a science experiment and 

doing a science experiment compared with children from the other Australian schools. 

These survey results also were reflected in the classroom observations that we 
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conducted because the observed lessons in these two schools did not involve hands-on 

activities and observed lessons in all other schools did.  

Good Teaching and Class Size 

Both Confucian and scientific literacy philosophies support the idea that good teachers 

get to know their students as individual learners and guide them, step by step, and 

provide them with feedback to support their progress and development (Goodrum, et al., 

2001). For example, Goodrum, et al. (2001) said that in the ideal classroom, “class sizes 

make it possible to employ a range of teaching strategies and provide opportunities for 

the teacher to get to know each child as a learner and give feedback to individuals” (p. 

vii). Having a large class or a small class can impact instructional choices (Martin, et al., 

2008a). Teaching strategies such as science experiments and small group work can be 

restricted by the class size. In both countries the low socioeconomic case study schools 

in the semi-rural area had a larger student body in the classroom. The TIMSS 2007 

report (Martin, et al., 2008a) showed that across the 36 participating countries at the 

Year 4 level, the average science class size was 26 students. Internationally, 23 percent 

of the students were in small-size classes (fewer than 20 students), 58 percent were in 

medium-size classes (20-32), 19 percent were in large classes (33 or more). About 75 

percent of the students in Hong Kong SAR and 50 percent of the students in Chinese 

Taipei were in large classes (Martin, et al., 2008a). 

Ideal science teachers are “life-long learners who are supported, nurtured and 

resourced to build the understandings and competencies required of contemporary best 

practice” (Goodrum, et al., 2001, p. vii). Our findings showed that the higher 

socioeconomic schools in both countries had teachers of science who were considered 

specialised, that is, science was their area of expertise. The lower the socioeconomic 

status of the school, the less specialised the teachers tended to be. The Chinese teacher 

from case study school C3, the low socioeconomic school, was a Chinese literacy 
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teacher who had been co-opted into teaching science. She took a different approach to 

the other teachers we observed with an emphasis on reading and memorising, possibly 

indicating that the implementation of the science curriculum in this school was 

influenced by the teacher’s degree of science knowledge and pedagogical knowledge. In 

comparison, the teachers from C1 and C2 had moderate class sizes, sufficient teaching 

resources and facilities and were able to implement well-designed scientific 

investigations. Based on our observations it was evident that these teachers effectively 

engaged the children in inquiry activities, they were friendly, caring and responsive to 

the children’s needs. We would say they were in control, but not authoritarian which is 

how other authors have described teachers in Confucian heritage school cultures 

(Aldridge et al., 1999; Biggs, 1996; Cortazzi, 1998). 

Conclusions 

The findings presented in this paper are revealing especially when considered 

holistically with our previous findings that showed that, within our case study schools, 

regardless of cultural context, the higher the socioeconomic status of the school, the 

better the students’ conceptual understanding of science. In this study, we investigated 

the ideal curriculum, the curriculum-in-action and the experiential curriculum in the 

Chinese and Australian case study schools to search for possible explanations for our 

findings with regard to the students’ conceptual understandings of science. We found 

considerable commonalities between the Confucian and scientific literacy philosophies 

that underpin the curricula in these two countries. Both philosophies support quality 

science education for children from all walks of life; they both support active, 

thoughtful learning that engages students; they support the idea that good teachers get to 

know their students as learners and use that knowledge to plan appropriate teaching and 

learning activities.  
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In the case study schools in both countries our research showed that as the 

socioeconomic status of the school went down, the teachers were less specialised in 

science, the school had less science resources and equipment, the teachers used fewer 

inquiry teaching and hands-on activities, fewer innovative teaching strategies such as 

group work and were more likely to rely on memorisation and reading. What we found 

was that it was the socioeconomic status of the school and the associated resources 

available to the teachers and students that either facilitated or hindered the range and 

innovation of teaching and learning activities that students experienced. The 

socioeconomic status of the school impacted on the teachers’ ability to create a 

curriculum-in-action that reflected the ideal curriculum. The evidence presented 

indicates that the low socioeconomic school in Australia was more likely to include 

students in hands-on inquiry style lessons and also in group work than the low 

socioeconomic status school in China and these factors may have contributed to the gap 

previously reported between the science achievement of Year 6 children in these 

schools (Tao, et al., in press-b). 

Some cultural idiosyncrasies were found. For example, children in Chinese primary 

science classrooms were more likely to chant and more likely to use a textbook; and, 

Australian children were more likely to make presentations in the classroom. Further, 

children in Chinese schools studied science for more hours per week and were in larger 

class sizes than children in Australian schools. These cultural differences in the teaching 

and learning of science, however, were overshadowed by the vast differences in the 

teaching and learning associated with the socioeconomic status of the school.  

The findings from this research give support to the current reform of the national 

primary science curriculum in China, which encourages a transition from the teacher-

centred classroom to the student-centred and from chalk-and-talk practice to more 

inquiry and hands-on activities. The big issue raised by the findings of this study is with 
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regard to resourcing low socioeconomic schools with the resources needed to teach 

science so that these goals are achieved. Quality science education that results in 

achieving the ideal curriculum will require science equipment and materials in all 

primary schools, it will require qualified and specialised teachers who are given 

appropriate professional development to support and nurture their science specific 

pedagogical skills such as inquiry teaching and group work. 

  

 

 

 

 

 

 

 

 

 

 

 

  



164 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



165 
 

Chapter Six  

Chinese and Australian Children’s Understandings of the Earth: A Cross Cultural 
Study of Conceptual Development 

 
 

Abstract 

The purpose of this study was to explore Chinese and Australian primary 

children’s conceptual understandings of the Earth. The research was 

conducted in the interpretive paradigm and was designed to be descriptive 

with comparative and cross-sectional elements. Participants were Year 3 and 

Year 6 children from three schools in Hunan Province, central south China 

(n=38) and Year 3 and Year 6 children from three schools in Western 

Australia (n=36). In-depth interviews including drawings were carried out to 

explore the participants’ conceptual understandings of the Earth’s shape, 

gravity, day/night cycle and seasons. The results showed that, regardless of 

different cultures, children from the same year group constructed similar 

concepts about the Earth. The Year 3 children were more likely than the 

Year 6 children to demonstrate intuitive conceptions of a round and flat 

Earth. The Year 6 children were more likely to demonstrate consistent 

understandings of a spherical Earth. The findings supported the universality 

of entrenched presuppositions hypothesis. Cultural mediation was found to 

have a subtle impact on children’s understanding of the Earth. A model of 

conceptual development is proposed. 

 
 
 
 
 
 
 
 
 
 
 
 
 



166 
 

Introduction 

The usual primitive conception of the world's form ... [is] flat and round below 

and surmounted above by a solid firmament in the shape of an inverted bowl. (H. 

B. Alexander, 1964, p. 249) 

A number of researchers have investigated children’s conceptions of the Earth and the 

process of conceptual development (e.g. Nussbaum & Novick, 1982; Piaget, 1929; 

Vosniadou & Brewer, 1992). Vosniadou (1994) highlighted the difficulty for children to 

learn the scientifically accurate model of a spherical Earth and predicted that naïve 

conceptual structures about the Earth are likely to be common to children of all cultures. 

Vosniadou (1994) drew “attention to some of the important similarities that exist in the 

development of the concept of the Earth in primary school children cross-culturally, and 

in the history of science” (p. 427). She suggested it is not surprising that the idea that we 

live on a flat Earth covered by a canopy of sky is an image replete in cultural mythology 

and also in young children’s descriptions of the Earth because this is, simply, how we 

perceive our surroundings. Vosniadou and colleagues based their program of research 

on two specific hypotheses: 1. the universality of entrenched presuppositions hypothesis, 

and 2. the cultural mediation hypothesis.  

The universality of entrenched presuppositions hypothesis predicts that children 

from all cultures start forming mental models of the Earth consistent with the 

presuppositions that constrain physical objects in general, such as “the presupposition of 

an up/down gravity and the presupposition that the ground on which people live is flat” 

(Vosniadou, 1994, p. 418). The cultural mediation hypothesis predicts that children 

from different cultures will construct different alternative models of the Earth reflecting 

their cultural experiences. Vosniadou and Brewer (1990), for example, compared 90 

Greek children and 60 American children’s knowledge of the Earth and the day/night 

cycle. Their findings showed that the children in both cultures constructed similar initial 
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mental models of the Earth that were constrained by physical presuppositions that ‘the 

ground is flat’ and that things ‘fall down’. They also found that children from different 

cultures formed mental models that had been mediated by their cultural surroundings. 

For example, they found that, consistent with traditional Indian cosmology, many 

Indian children conceptualised the Earth to be supported by water, and that Samoan 

children produced a model of the Earth as a ring that reflected the way physical space is 

organised in Samoan villages (Vosniadou, 1994). 

Vosniadou and Brewer (1992, 1994) developed six mental models (rectangular 

Earth, disc Earth, dual Earth, hollow sphere, flattened sphere and sphere) that they 

claimed 49 of the 60 children they interviewed (81.7%) demonstrated. The models were 

classified as three types: 1. initial models (rectangular Earth, disc Earth) that are based 

on children’s unschooled, intuitive responses and understandings of their environment; 

2. synthetic models (dual Earth, hollow sphere, flattened sphere) that are based on 

children’s attempt to reconcile cultural information that the Earth is a sphere with their 

intuitive ‘flat’ experiences of the Earth; and 3. the scientific model of a spherical Earth.  

There is, however, strong critique in the literature of Vosniadou and colleagues’ 

methodology and rejection of their research findings of coherent mental models. For 

example, Nobes et al. (2003) investigated British children and Gujarati children’s 

understandings of the Earth. In contrast with Vosniadou’s interview methodology, 

Nobes et al. used a set of plastic models, designed to represent Vosniadou’s mental 

models. Inconsistent with Vosniadou’s findings, Nobes et al. (2003) found that children 

as young as four and five years tended to select the correct, spherical model, rather than 

the flattened sphere or disc shaped (flat) models (62.7%). They found that only 58 of the 

162 children in their study (35.8%) consistently gave responses that corresponded with 

the mental models described by Vosnidou and Brewer (1992). They found “no evidence 

for the flat Earth model… neither was there support for the dual Earth model” (2003, p. 
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82) and that “there was no evidence that children’s responses to questions are guided by 

intuitions of flatness or support” (p. 84). Furthermore, Nobes et al. argued that:  

The picture of knowledge acquisition that emerges from these findings is of a 

process of gradual accumulation, piece by piece, of loosely related fragments of 

cultural information. These are disorganised until the coherent scientific notion of 

the Earth is gained. (Nobes, et al., 2003, p. 84) 

Research Rationale 

The inconsistent findings reported by Vosniadou and Brewer (1992, 1994) and Nobes et 

al. (2003) establish a daunting impression about how little we actually know about how 

children know and learn and raises important questions about children’s learning that 

are currently unanswered. This previously reported research provided the rationale for 

the research presented in this paper. It highlights the need to further investigate whether 

children understand and learn about cosmological phenomena, such as the Earth, as a 

series of coherent mental models from naïve to scientific, or whether they understand 

and learn through the accumulation of fragmented pieces of cultural information. 

Further, the rationale for this research is based on the premise that it is important for 

teachers to know the degree to which children’s understandings of cosmological 

phenomenon are constrained by physical presuppositions, for example, that things ‘fall 

down’ and that people live on ‘flat land’? From an international perspective of science 

education (C.-J. Guo, 2007), another aspect of the rationale for this research was to 

better understand how universal children’s conceptions of cosmological phenomena are, 

and to better appreciate any role cultural mediation may have in learning and 

development. 
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Purpose and Research Questions 

Vosniadou (1994) emphasised that “cross cultural studies provide a strong test of the 

hypothesis regarding the universality of entrenched presuppositions and of the cultural 

mediation hypothesis” (p. 422). Accordingly, the research presented in this paper was a 

descriptive, cross-cultural, cross-sectional study conducted in six primary schools in 

China and Australia. The broad purpose of the research was to contribute empirical data 

to the body of research and to develop theory about how children know and learn about 

cosmological phenomenon, in particular the Earth. More specifically, the research 

questions were: 

a. What are Chinese and Australian Year 3 and Year 6 children’s conceptions of 

the Earth? 

b. What evidence is there for universality and cultural mediation in Chinese and 

Australian Year 3 and Year 6 children’s conceptions of the Earth? 

c. What evidence is there for mental models and/or fragmented knowledge in 

Chinese and Australian Year 3 and Year 6 children’s conceptions of the Earth? 

d. How do Chinese and Australian children’s conceptions of the Earth develop? 

China and Australia were considered to be countries with largely contrasting 

cultures that would provide a suitable context for the investigation of universality and 

cultural mediation of children’s conceptions. The term culture has two similar, but 

related meanings. First, culture is understood to be “the customs and civilisation of a 

particular people or group” (Liebeck & Pollard, 1994, p. 194). Second, culture also 

refers to “development or improvement by education or training” (The Macquarie 

dictionary and thesaurus, 1991, p. 107). Given these aspects of culture, in the next three 

sections we provide background information related to the culture of Hunan Province in 

China and the State of Western Australia and relevant background information about 

earth science in the Chinese and Australian curricula. This information provides 
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important contextual information about the participants and their culture, including both 

their customs and civilisation culture, and their educational culture. 

Background Information on Hunan Province, China and the State of Western 
Australia 

Hunan is an inner, Chinese province, located at the middle reaches of the Yangtze River. 

It covers an area of 211,800 square kilometres and has a population of about 66 million. 

Changsha is the capital city. Situated in the subtropical region, Hunan Province has a 

continental seasonal humid climate with four distinct seasons. The economy is driven 

by abundant agricultural and mineral resources, including nonferrous metals and non-

metallic minerals; as well as rice, cotton and ramie textile products. Hunan also is a 

province of ethnic groups, among which Han population accounts for 89.9 percent of 

the total population, while other ethnic groups account for 10.1 percent. The official 

language in the province and the language of instruction in all schools is Mandarin (The 

People's Government of Hunan Province, 2011).  

Situated in the southern hemisphere, the State of Western Australia (WA) is the 

largest state in Australia and covers a land area of over 2.5 million square kilometres. Its 

population is about 2.3 million of which 75 percent live in the capital city, Perth, which 

enjoys a Mediterranean climate with hot dry summers and mild wet winters. WA’s 

economy is dominated by the mining of natural resources including iron ore, nickel, 

aluminium, gold and natural gas and agriculture including sheep, beef and wheat 

farming. The official language in Australia and the language of instruction in all schools 

is English. Approximately 29.3 percent of the people living in WA were born overseas, 

12.4 percent speak a language other than English at home (Australian Bureau of 

Statistics, 2011). 
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Background Cultural Information on Concepts of the Earth in China and 
Australia 

The ancient Chinese constructed their understanding of the universe with a focus on the 

relations between Heaven and Earth. Three cosmological models: The Gai Tian Model 

(hemispherical dome), Hun Tian Model (celestial sphere), and Xuan Ye Theory (infinity) 

were advocated by different schools (Guan, 2000; S. C. Guo, 1994). The Gai Tian 

Model was first developed as early as the Zhou Dynasty (1046 BC-256 BC) and 

described heaven as round as a cap, and the Earth as square and flat as a chessboard (Lu, 

2000). This model was revised in the Jin Dynasty (265 AD-420 AD) with heaven 

remaining like a cap but the Earth being described like a flipped-over dish (S. C. Guo, 

1994). The Hun Tian Model was formed in the Warring States Period (475 BC-221 BC) 

and perfected in Han Dynasty (206 BC-220 AD). Zhang Heng (78-139 AD), one of the 

most famous astronomers at that time, described heaven like an egg, but round like a 

crossbow bullet, and the Earth like the yolk of the egg, and located in the centre (S. C. 

Guo, 1994; D. Li, 2002). The Xuan Ye Theory was also established in the Han Dynasty. 

Unlike the previous models, this theory advocated an infinite universe, where the 

heaven was high and distant, without substance and that the Sun, the Moon and the stars 

naturally float and exist in this void. However, this model didn’t provide descriptions of 

the shape of the Earth (S. C. Guo, 1994). A recent comparative study on Chinese inner 

Mongolian ethnic and Han ethnic children’s conceptual understandings of the Earth 

indicated that the Han children, who were mainly from the south of China, tended to 

believe that the sky is like an umbrella and that this belief was probably due to the long 

rainy season they experience (Jiang, 2008). The inner Mongolian children, who were 

mainly from the vast grasslands of north China, tended to believe that the sky is like a 

Mongolian yurt, a circular, domed, portable tent used by the nomadic Mongolians 

(Jiang, 2008). 
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Australia is a product of a unique blend of western culture and the unique 

geography of the Oceanic Continent, established traditions and new influences. The 

majority of Australia’s people are migrants or descendants of Anglo-Celtic people who 

arrived in Australia from about 200 countries since Great Britain established the first 

European settlement in 1788. Australia has a population of more than 21 million people, 

among whom more than 43 per cent either were born overseas themselves or have one 

parent who was born overseas (Australian Government Department of Foreign Affairs 

and Trade, 2008). Australia has a strong cultural affinity and links with England and 

other English-speaking countries. Therefore, Australian children, before formal science 

instruction, are often aware of Australia’s distinctive location as a vast land in the 

southern hemisphere (Siegal, et al., 2004; Siegal, Nobes, & Panagiotaki, 2011). 

Australian people’s passion for sport forms a major part of the country's culture. For 

example, Cricket Australia recently reported that 93.6% of Australians watched at least 

some cricket on TV last calendar year, the highest penetration of any sport in Australia 

(Cricket Australia, 2011). In the past few years, the Cricket World Cup was hosted by 

Pakistan, England, South Africa and West Indies. Therefore, audiences, including 

children watching the game in front of television with their parents, become aware of 

the time difference between Australia and these host countries (Venville, et al., in press). 

Earth Science in the Chinese and Australian Primary Curricula 

Formal science education starts from kindergarten in Australia because research has 

shown that young children can think abstractly and do learn science and technology 

effectively (Australian Science Technology and Engineering Council, 1997; Bliss, 

1995). In comparison, formal science education begins from Year 3 in China, as 

curriculum developers adhere to Piaget’s stage theory and suppose that the abstract 

nature of many science concepts means the teaching of science to young children is 

unwarranted (Yang, 2004; Yu, 1997; Zhong, 2002; Zhuang, 2001). The current Chinese 
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curriculum, Science Curriculum Standard (3-6 Grade) for Full-time Compulsory 

Education, was issued in 2001. It is underpinned by a student-centred, inquiry-based 

rationale (Curriculum and Teaching Materials Research Institute, 2001). There are three 

content strands, namely World of Living Things, World of Materials, and Earth and 

Beyond. The current curriculum framework in WA was designed for children from 

kindergarten to Year 12 (Curriculum Council Western Australia, 1998). This curriculum 

consists of four main content outcomes, namely, Earth and Beyond, Energy and Change, 

Life and Living, and Natural and Processed Materials. 

An overview of Chinese and Western Australian primary science curricula on earth 

science is presented in Table 6.1. The Chinese primary science curriculum introduces 

earth science from Year 4 in terms of observing the weather and climate. In contrast, the 

Western Australian curriculum framework introduces earth science from kindergarten in 

terms of familiarising children with local resources and environment. Both curricula 

include a conservative proportion of concepts in the strand of earth science, with 22 

percent in the Western Australian curriculum (Curriculum Council Western Australia, 

1998) and 21 percent in the Chinese science curriculum (Curriculum and Teaching 

Materials Research Institute, 2001).  
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Table 6.1 Chinese and Western Australian Primary Science Curricula on Earth Science 
 K/P Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 

Chinese N/A N/A N/A N/A  observing the weather 
 climate and 

temperature 
 measuring the rainfall
 observing the clouds 

and wind 
 different types of 

rocks 
 how rocks are made 

up 
 observing and 

describing minerals 
 rocks, minerals and 

our everyday life 

 the external structure 
of the Earth and its 
changes 

 how internal 
movement of the 
Earth changes the 
external structure 

 how river and rain 
erode the soil 

 day/night cycle 
 development of 

people’s knowledge 
of the Earth and its 
movement 

 how to improve the 
Earth is spinning 
around itself 

 four seasons in a year
 explanation of polar 

day/night 

 energy and the Sun 
 the Moon as a 

satellite of the 
Earth 

 changes of the 
lunar phases 

 craters on the 
Moon 

 explanation of the 
solar eclipse 

 explanation of the 
lunar eclipse 

 features of the 
solar system 

 observing the 
starry night 

 exploring the 
universe 

Western 
Australian 

 resources used at 
home or in school 

 places where 
animals and plants 
live 

 weather and the 
seasons 

 the school/home 
environment is 
made up of many 
features 

 

 local resources 
used in everyday life

 caring for places 
and the school or 
home environment 

 weather in the local 
environment 

 changes that occur 
in the local 
environment 

 major features of 
the local 
environment 

 parts of the Universe 
that can be easily 
seen from Earth 

 processes that affect 
life on Earth 

 some resources are 
vital to everyday life

 caring for the 
environment 

 weather and how it 
changes 

 forces in nature can 
affect environment 
and impact on people

 features of the 
natural and man-
made environment 

 changes that occur in 
the sky 

 gravity on Earth 

 natural resources 
used at home or in 
the school 
environment 

 wise resource use 
at home, school 
and in the 
community 

 weather patterns 
 changes that occur 

in the local 
environment 

 different features in 
the environment  

 the patterns 
associated with the 
movement of the 
Sun and the Moon 

 objects on Earth are 
affected by gravity 

 types of resources 
 how resources can be 

conserved, used, 
reused and recycled 

 causes and effects of 
weather 

 the structure of the 
Earth and formation 
of features 

 human and natural 
processes occur on 
the Earth 

 the features of the sky
 the Solar System 

comprises of the 
Earth, Sun and other 
planets 

 conditions that 
sustain life on Earth 

 resource use in the 
community and 
how this can 
change the physical 
environment 

 components of 
weather and their 
origin 

 the external structure 
of the Earth 

 natural processes 
can change the 
Earth’s surface or 
the atmosphere 

 the spatial 
relationship of the 
Solar System 

 people in space 

 resource use and 
the impacts on the 
environment 

 the long-term 
effects of weather 
on the environment 

 the external and 
internal structure of 
the Earth 

 catastrophic 
changes have an 
impact on humans 
and the 
environment  

 features of the 
Solar System and 

 space exploration 
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Both curricula have an emphasis on children’s understanding of weather patterns, 

the external structure of the Earth and the movement of the Earth in the solar system. 

Australian children learn about ‘sustainability of life and wise resource use’; ‘Earth 

forces and materials’; and, the ‘relationship between the Earth, Solar System and the 

universe’ throughout the primary years with an increase in complexity and depth from 

one level to another (Department of Education and Training Western Australia, 2007). 

In contrast, Chinese children learn about the weather, rainfall, rocks and minerals from 

Year 4 and they are taught about the Earth’s structure, day/night cycle and the seasons 

in Year 5. In Year 6, Chinese children learn about the Moon phases, stars and the 

universe (Curriculum and Teaching Materials Research Institute 2001). 

Theoretical Framework 

The theoretical framework developed for this study is made up of two parts that draw on 

the areas of tension and debate in the literature that are relevant to the research 

questions. The first is the issue of universality of conceptual understanding and the 

tension with the notion of cultural mediation. The second part of the theoretical 

framework is the issue of coherent knowledge in the form of framework theories or 

mental models and the tension with the notion of fragmented knowledge. Each of these 

aspects of the theoretical framework is elaborated below.  

Universality or Cultural Mediation 

Some of the earliest accounts of children’s ideas in cosmology can be found in Piaget’s 

The Child’s Conception of the World (1929) and The Child’s Conception of Physical 

Causality (1930). Within both works, Piaget identified several different stages or levels 

of conceptual development amongst the individuals he interviewed. He argued that 

similar logical structures are found as stages of development across different cultures 

and environments, thus suggesting universality in conceptual structure and development. 
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Nussbaum and Novak (1976) conducted an early investigation of Year 2 American 

children’s understanding of the shape of the Earth and gravity and concluded that 

children held five qualitatively different notions of the Earth. Notion I refers to 

children’s belief that the Earth is flat, even though they may say ‘round’ in the interview. 

Notion II refers to children’s idea that the Earth is like a round ball with the sky 

bounding the space above and ground or ocean bounding the space below. Children 

who hold Notion III believe that the Earth is shaped like a ball surrounded by space 

with people living on top of the ball. Children who hold Notion IV know that people 

live all round the Earth but they cannot fully understand the operation of gravity. Finally, 

children whose responses are classified as Notion V provide scientifically correct 

responses to questions about the shape of the Earth and gravity. Nussbaum (1979) 

investigated Israeli children from Year 4 to Year 8, and the results indicated a series of 

developmental levels with older children holding more advanced notions. 

Mail and Howe (1979) tested Nepalese children of ages 8, 10 and 12, with tasks 

similar to those used by Nussbaum and Novak (1976). The results showed that the 

Nepalese children formed notions of the Earth similar to those of the American children 

but that they tended to occur four years later. Sneider and Pulos (1983) investigated the 

distribution of Nussbaum and Novak’s (1976) notions of the Earth among Californian 

school children from Year 3 to Year 8. Their research confirmed previous findings and 

they reported no significant difference in children’s conceptual understanding of the 

Earth across cultures, thus supporting the idea of universality. 

According to Vosniadou and Brewer (1992, 1994), children’s initial mental models 

of the Earth are constrained by core presuppositions brought about by their perceived 

experiences, such as, ‘the Earth is a flat plane’, and ‘unsupported things fall down’. 

Hence, children’s initial, unschooled mental models of the Earth tend to be of a flat, 

disc or rectangular shaped Earth that is supported by something, and that people live on 
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the flat part and can ‘fall off’ the edge of the Earth. As children are exposed to cultural 

information, including the scientific, sphere shaped model of the Earth, they form a 

variety of synthetic models. For example, the ‘hollow sphere’ mental model results 

from children combining their intuitive, non-scientific idea that the Earth is flat with the 

culturally transmitted, scientific idea that the Earth is a sphere.  

According to Vosniadou’s thesis, the developmental progression of children’s 

mental models of the Earth is universal, but cultural mediation is expected to influence 

the rate of change and the nature of children’s synthetic models. Cross cultural studies, 

however, have found considerable, consistent evidence of universality and little 

evidence of cultural mediation of significance. Liu (2005), for example, found that 

German and Taiwanese Year 3 and Year 6 students presented their ideas about the 

“heavens and the Earth” (p. 295) in a consistent manner, regardless of their cultural 

backgrounds. The only cultural mediation noted in this study was the German students’ 

tendency to show more intention to explain astronomical phenomena and the Taiwanese 

students’ tendency to have more imagination and conceptual flexibility. Bryce and 

Blown (2006) found that children from three ethnic groups, Han Chinese, New Zealand 

European and New Zealand Maori, showed similar cosmological concepts at all levels 

of conceptual development. They explained their findings by referring to the similarity 

of children’s daily interaction with natural phenomenon and schooling, learning 

environment, curricula and access to scientific concepts through mass media. Siegal et 

al. (2004) found that young Australian children demonstrated significantly earlier 

scientific understanding of the Earth compared with British children. Possible reasons 

contributing to the differences were Australian children’s location in the southern 

hemisphere together with their close cultural links with people living in the northern 

hemisphere. Early exposure to relevant discussions and stories at home and in school 
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about other countries also might help the Australian children to better understand a 

spherical Earth and the day/night cycle.  

Mental Models or Fragmented Knowledge 

Some researchers hold the view that children’s intuitive knowledge consists of coherent 

and systematic ideas and these ideas are the early forms of theories, sometimes referred 

to as naïve theories (McCloskey, 1983), notions (Nussbaum, 1979; Nussbaum & Novak, 

1976; Nussbaum & Novick, 1982; Nussbaum & Sharoni-Dagan, 1983), and mental 

models (Vosniadou, 1994; Vosniadou & Brewer, 1990, 1992). Based on this idea, the 

research conducted by these researchers holds firm that children modify and reconcile 

their existing knowledge and acquire new knowledge from experience as a process of 

assimilation and accommodation; or accretion and re-conceptualisation, or other terms 

that indicate variations of evolutionary and revolutionary forms of conceptual change. 

For example, Carey (1985) argued that children have coherent theories about the world 

and learning involves the process of conceptual change or radical restructuring of those 

theories. Blown and Bryce (2006) found that Chinese and New Zealand children 

actively create coherent cosmologies to make sense of the world and that conceptual 

change about the Earth involves weak restructuring (over years); radical restructuring 

(over months); and dynamic conceptual crystallisation (often in seconds) “whereby 

previously unconnected/conflicting concepts gel to bring new meaning to previously 

isolated ideas” (p. 1411).  

In contrast, other researchers, such as diSessa (1988), support the idea that 

children’s initial understandings of the world are simple abstractions of daily 

experiences which are fragmented and shallow. Research supporting this perspective 

includes Schoultz, Saljo and Wyndhamn (2001), Nobes, Martin and Panagiotaki (2005; 

2003) whose findings confirmed that young children’s underlying knowledge structures 

about properties of the Earth are fragmented. diSessa (2008) argued that intuitive 
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knowledge is not structured in a coherent manner, rather, he claimed, it is a collection of 

simple elements known as phenomenological primatives (p-prims) that originate from 

children’s perceptual, superficial interpretation of the world. P-prims are eventually 

organised, through learning, into a conceptual system, that involves collecting and 

organising the fragmented pieces of knowledge into larger, scientific and theory-like 

structures.  

The two perspectives, coherence and fragmented are not necessarily mutually 

exclusive. Vosniadou, Vamvakoussi, and Skopeliti (2008) explain that “our position is 

not inconsistent with the view that something like diSessa’s p-prims constitute an 

element of the knowledge system of novices and experts” (p. 23). diSessa (2008) also 

acknowledged that the difference in perspectives can be considered to be one of degree, 

where “no one can believe that people are 100% coherent and consistent, and no one 

can believe people have nothing more than a completely incoherent jumble of ad hoc 

ideas” (p. 39). Brown and Hammer (2008) concluded that “there is strong evidence at 

both ends of this phenomenological spectrum” (p. 135) that support both positions. 

Brown (2010) argues that knowledge can be represented as a complex system of 

knowledge elements and that both Vosniadou and diSessa’s perspectives are consistent 

with this representation. Brown (2010) explains that this complex system of knowledge 

elements is like a concept map with many nodes and interconnections and that it is a 

dynamic and evolving structure.  

Significance of the Research 

This research is significant for theoretical, practical and methodological reasons. From a 

theoretical perspective, the research is significant because it is set within and 

acknowledges an area of theoretical complexity and disagreement in the literature about 

the nature of children’s knowledge. The findings of this research provide evidence that 

supports aspects of this theory and also generates knowledge in the form of a conceptual 
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pathway that clarifies and builds on the current theory. The research also is significant 

for practical reasons. The research questions are focused on children’s understanding of 

an important aspect of scientific knowledge, the Earth, which is included in primary 

school curricula in countries throughout the world. The findings of this study improve 

our understanding of primary children’s conceptual knowledge of and learning about 

the Earth and, as a consequence, teaching implications for both teachers and students 

are provided. There are relatively few studies of Chinese children’s conceptual 

understanding of science and no direct comparative study of Chinese and Australian 

primary children’s understandings of the Earth. This cross-cultural and cross-sectional 

study is, therefore, the first to explore Chinese and Australian primary children’s 

conceptual understanding of Earth related concepts including the shape of the Earth, 

gravity, day/night cycle and the seasons. The research also is methodologically 

significant and adds to the literature because it is the first study to compare Chinese and 

Australian children’s conceptions of the Earth. The cross-cultural methodological 

design of this study is significant because it enabled the researchers to test the cultural 

mediation hypothesis by using two unique cultural contexts and the findings shed light 

on the impact of culture on students’ understandings. 

Design and Methods 

Consistent with the theoretical framework and research questions that focus on 

children’s in-depth understandings of the Earth, this research was conducted in the 

interpretive paradigm (L. Cohen, Manion, & Morrison, 2000). While a quantitative 

science quiz was used to select participants, the data presented in the findings of this 

paper all were generated through detailed, qualitative interviews including student 

generated drawings. In order to address Research Questions a and c, about students’ 

conceptions of the Earth and about the nature of that knowledge (i.e., whether it is in the 

form of mental models or fragmented), the research was designed to be descriptive. 
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Descriptive research “set[s] out to describe and interpret what is” and the “researcher 

accounts for what has already occurred” (L. Cohen & Manion, 1989, p. 70). In order to 

address Research Question b, about universality and cultural mediation, the research 

also was designed to be comparative with data collected in six schools, three in China 

and three in Australia. “Comparison is a search for similarity and difference… it is a 

grand research strategy, a powerful conceptualization” (Stake, 2006, pp. 82-83). Finally, 

in order to address Research Question d, about the development of children’s 

conceptions of the Earth, the research design also incorporated a cross-sectional element 

with data collected from both Year 3 and Year 6 students. In education, “cross-sectional 

studies involve indirect measures of the nature and rate of changes in the physical and 

intellectual development of samples of children drawn from representative age levels” 

(L. Cohen, et al., 2000, p. 175). 

Participants 

Year 3 and Year 6 children were considered suitable participants for this study because 

children between these years in both counties participate in formal learning about 

astronomy. The Year 3 participants in the science quiz were 135 Chinese children 

(mean age = 8.0) and 120 Australian children (mean age = 8.4) from three schools in 

Changsha, Hunan Province, central south China and three similar schools in Perth, 

Western Australia. The Year 6 participants in the science quiz were 140 Chinese 

children (mean age = 12.1) and 105 Australian children (mean age = 11.5) from the 

same six schools. The geographic location, size, socioeconomic status and 

public/private status of the Chinese schools and the Australian counterparts were 

matched. A more detailed account of the criteria for selecting schools is provided by 

Tao, Oliver and Venville (2012, in press-b).  

Children were selected to participate in the interview based on their performance on 

the science quiz. Two or three children with high, average and low performance on the 
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science quiz in each year group in each school were interviewed. This approach was 

taken to ensure children with a wide spectrum of science conceptual understanding in 

each year group and in each school participated in the in-depth interviews. A total of 74 

children participated in the in-depth interviews including 18 Chinese and 18 Australian 

Year 3 children, and 20 Chinese and 18 Australian Year 6 children (in two Chinese 

schools, three Year 6 children with average scores on the quiz were interviewed). 

Data Collection 

A 12-item, multiple choice science quiz developed from items released by the Trends in 

Mathematics and Science Study (TIMSS) science was administered to all participating 

children. This quiz was used to select a smaller number of children for in-depth 

interviews about the Earth. The qualitative data were collected by interviews and 

children’s drawings. In each school, six to eight children participated in an in-depth 

interview on their conceptual understanding of the Earth’s shape, gravity, day/night 

cycle and the seasons. The interview protocol (Appendix D) was based on previous 

studies by Vosniadou and Brewer (1992, 1994). Children were asked oral questions but 

also asked to draw their understandings about different factors related to the Earth, e.g. 

the shape of the Earth and the location of people. The interviews and their drawn 

pictures were used to triangulate and cross check so that valid conclusions about the 

nature of the children’s conceptions of the Earth could be made and reasonable 

conclusions about the coherence, or lack of coherence of those conceptions could be 

inferred.  

A number of recent researchers argue that the use of cultural artefacts, particularly 

3D models during the interview, reveals the real nature of children’s mental 

representations (Ehrlen, 2008; Nobes, et al., 2005; Nobes, et al., 2003; Panagiotaki, 

Nobes, & Banerjee, 2006a, 2006b; Panagiotaki, Nobes, & Potton, 2009; Siegal, et al., 

2004). However, we concur with Bryce and Blown (2006) who criticised the use of 
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models in the interview process because they “den[y] children the opportunity to 

construct their cosmologies from their own experience” (p. 1143) and biased the 

technique “to the cultural conceptual rather than the deeper intuitive conceptual level” 

(p. 1143). Providing a physical model may interfere with the spontaneity and 

authenticity of children’s thinking and restrict their responses (Brewer, 2008; 

Vosniadou, Skopeliti, & Ikospentaki, 2004). Both English and Chinese quiz items and 

interview questions were trialled with a small number of Year 3 and Year 6 children 

from non-participating schools in Australia and China prior to the main study to ensure 

they would adequately differentiate and elucidate the children’s conceptual 

understandings of the Earth and related factors.  

In China, the interviews were conducted in Mandarin and in Australia the 

interviews were conducted in English. All interviews were conducted by the researcher 

who is fluent in both Mandarin and English and is a qualified Mandarin/English 

translator. All interviews were audio recorded and fully transcribed. 

Data Analysis 

The qualitative data generated by the interviews were analysed in two stages. In the first 

stage, each interview was analysed to ascertain individual student’s responses to 

questions about the Earth’s shape, gravity, the day and night cycle and the seasons. The 

transcribed interview data and each student’s drawings were taken into consideration 

during this stage of analysis. Different responses to each question were noted and 

categories of responses were generated (Yin, 2003). The number of students who gave 

responses in each category was then tabulated and graphs generated. Three researchers 

collaboratively scrutinised the categorised data and some refinement of categories 

resulted. For example, it was noted that Australian students used both the words ‘circle’ 

and ‘round’ to describe the shape of the Earth, whereas in Mandarin, there is only one 

common phrase to describe this shape ‘yuan de’. Initially Australian students’ responses 
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‘round’ and ‘circle’ were categorised separately, but these categories were coalesced 

and were both considered the same as the Chinese response ‘yuan de’. The graphs 

provided visual representations so that comparisons could be made between the typical 

responses from Chinese and Australian children as well as Year 3 and Year 6 children. 

In the second stage of analysis of the qualitative interview data, each student’s 

responses to the interview questions were considered more holistically. Students with 

similar responses to questions were clustered into categories.   

All children are assigned pseudonyms. Excerpts included in the findings from 

student interviews are coded by school and by year level. Within the codes, ‘C1’, ‘C2’, 

‘C3’, ‘A1’, ‘A2’, and ‘A3’ refer to the three Chinese and three Australian schools and 

‘Yr3’ and ‘Yr6’ refer to the year level of the student. So ‘Yu XinC1Yr3’ means that this 

student’s pseudonym is ‘Yu Xin’, she attended ‘C1’ school in China and was in Year 3 

at the time of the interviews. ‘EmilyA1Yr6’ indicates a child whose pseudonym is ‘Emily’ 

who attended A1 school in Australia and was in Year 6 at the time of the interviews. 

Findings 

The qualitative findings from this in-depth study of Chinese and Australian children’s 

understandings of the Earth are presented in two sections that reflect the two stages of 

data analysis described above. The first section presents the students’ responses to the 

different aspects of the concept of the Earth that were explored during the interview 

including the Earth’s shape and people’s location on the Earth, gravity, the day/night 

cycle, and the seasons. The second section presents the findings from the second stage 

of data analysis that involved more holistic description of each student’s data and 

clustering of students into categories of similar responses. 
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Shape of the Earth 

In answering the question ‘What is the shape of the Earth?’, 15 of the 18 Chinese Year 

3 children that we interviewed responded that the Earth is “yuan de” (Chinese Pinyin, 

which means round/circular in shape); two children said “tuo yuan” (oval in shape) and 

one child said the Earth is the house where she lived (Figure 6.1). When asked to draw 

the Earth, 17 children drew circles on the paper and one child drew a house. When 

children were asked to draw a stick figure to show where he/she is, ten children drew 

themselves in the circle which represented the Earth, and seven children drew 

themselves around the perimeter of the circle. In answering the question ‘Can you stand 

at the top/bottom/sides of the Earth that you drew?’, 11 children gave positive responses 

and seven children argued that they couldn’t stand outside the circle as there was “no air” 

or that was “outer space”. Interestingly, two children who initially drew stick figures 

standing along the top perimeter of the circle responded that they would fall off when 

asked whether they could stand on the top. One child said that people could stand at the 

bottom of the Earth by holding onto the lower perimeter. Many children mentioned that 

their knowledge of the Earth shape came from story books, TV programs and discussion 

with their parents. The data indicated the majority of Chinese Year 3 children 

understandings of the Earth’s shape tended to be round and flat with an edge. For 

example, 

Researcher  What is the shape of the Earth?
Yu XinC1Yr3 Round. I saw that in a book (drawing a circle and a 

stick figure inside the circle). 
Researcher Can you stand at the top of the Earth that you drew? 
Yu Xin No, no. You can’t stand outside of the circle. You 

would float into space and die. 
 

In comparison, 11 of the 18 Australian Year 3 children responded that the Earth is 

“circle” in shape, four said “round”, two mentioned “sphere” and one said “oval” 

(Figure 6.1). Seventeen children drew circles on the paper and one child drew an oval. 
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Six children drew stick figures in the circle to represent where they are and twelve 

children drew people standing all over the perimeter. When asked whether they could 

stand at the top/bottom/sides of the Earth that they drew, 11 children said “yes” and 

some mentioned “North Pole” and “Antarctica”; seven children gave negative responses 

by arguing that “people can’t stand anywhere along the edge”, or “we should stand on 

the ground”. One child said people could only stand at the sides or the bottom, while 

another child said people can only stand on the top of the Earth that he drew. 

 

    

    

Figure 6.1 Year 3 and Year 6 Children's Responses to the Shape of the Earth 

Many Australian children said that their knowledge of the Earth’s shape came from 

science books, maps and globes. Children’s responses to the interview questions and 

drawings indicated that Australian Year 3 children tended to have a spherical Earth 

concept. For example, 
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Researcher  What is the shape of the Earth?
MeganA2Yr3 It’s circle [drawing a circle and lots of stick figures 

standing along the perimeter]. 
Researcher Can you stand at the top of the Earth that you drew? 
Megan Yes, you can stand on it, but most of it is covered by 

water. 
Researcher Can you stand at the bottom of the Earth? 
Megan Yes, that’s Antarctica. 

 

When asked the same questions, among the 20 Chinese Year 6 children that were 

interviewed, 12 responded that the Earth is a “qiu” (Chinese Pinyin, which means a 

sphere), two children said “li xing” (pear shape), two children mentioned “tuo yuan” 

(oval shape), and four children said “yuan de” (round) (Figure 6.1). All children drew 

circles on their paper to represent the Earth. Fifteen children drew themselves or people 

standing along the perimeter and five children drew themselves in the circle. The 15 

children who drew people along the perimeter gave positive responses to questions 

about whether they could stand on the top/bottom/sides of the Earth that they drew. The 

remaining five children insisted that people should stand “in the Earth” or “in the circle” 

that they drew. Among those children who expressed the idea that the Earth is spherical 

in shape, two children responded that continents and oceans were ‘in’ the Earth and 

people could only stand ‘in’ the Earth. Those children who said the Earth was oval or 

pear shaped expressed the idea that people could stand everywhere on the Earth and 

actually drew stick figures of people standing in different places along the perimeter.  

In comparison, six of the 18 Australian Year 6 children responded that the Earth is 

“circle” in shape, six said it is “round” and the other six said it is a “sphere” (Figure 6.1). 

All interviewed children drew circle shapes when asked to draw their idea of the shape 

of the Earth. In addition to the circles, most children spontaneously drew islands to 

represent Australia, Tasmania, New Zealand, the North Pole and/or Antarctica. When 

asked to draw themselves, eight children drew stick figures standing along the perimeter 

and ten children drew people standing in the circle. Of the six children who said that the 
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Earth is a sphere, two children argued that people couldn’t stand everywhere on the 

Earth. The twelve children who initially claimed that the Earth is circle or round in 

shape all expressed the idea that people could stand everywhere. Examples of these 

contrasting ideas follow: 

Researcher  What is the shape of the Earth?
JordanA2Yr6 A sphere, like a ball.
Researcher Can you stand at the top of the Earth that you drew?
Jordan No, because there is no atmosphere for us to breathe. 

We are only in the middle, in the countries. 
 

Researcher  What is the shape of the Earth?
EmilyA1Yr6 It’s a circle. These [shapes] are countries and 

continents. 
Researcher Can you stand at the top of the Earth that you drew?
Emily In real life? Yes, because that’s North Pole.
Researcher Can you stand on the bottom?
Emily Yes, we can, because it’s the same just like on the flat 

surface. 
 

Gravity 

When asked about where a ball would go if the stick figures dropped a ball from their 

hand and to draw arrows showing the direction, the Year 3 children gave various 

answers (Figure 6.2). For example, some students said the ball would “go down to the 

bottom of the Earth”, “roll along the Earth”, “go down to the ground”, or “fall towards 

the centre of the Earth”.  

Some Year 3 children responded that the ball would fall all the way down to the 

“ocean” or the “outer space” and on their picture they drew arrows pointing down to the 

bottom of the circle (Figure 6.3 A). One Chinese and three Australian Year 3 children 

said that the ball would “go along the Earth” and “roll all the way down” (Figure 6.2). 

They drew arrows along the perimeter of the Earth. An example can be seen in Figure 

6.3 B. Several Chinese (6 of 18) and Australian (13 of 18) Year 3 children simply 

explained that the ball would fall down to the ground (Figure 6.2). Some children made 
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additional comments, for example, it would “bounce” and/or “stop when it hits 

something hard”. These children didn’t think that the ball would continue to fall and 

they tended to emphasise that the ball would stay on the ground. An example can be 

seen in Figure 6.3 C. Only two Australian Year 3 children and no Chinese children 

explained that the ball would always go towards the centre of the Earth no matter where 

the stick figures are (Figure 6.2). An example of one of these students’ responses is 

presented in Figure 6.3 D.  

 

    

    

Figure 6.2 Year 3 and Year 6 Children's Responses to Where a Dropped Ball Would Go 

Interestingly, several Chinese Year 3 children responded that if people were 

standing at the bottom of the Earth, the ball would go up to the top edge of the Earth 

because the Earth has “xi yin li” (Chinese Pinyin, which literally means attraction power. 

Gravity as a technical term is not introduced to children until they are in upper primary, 

Year 5). An example can be seen it Figure 6.3 E. 
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Category Examples of Children’s Drawings Interview Excerpts 
A 

 

Researcher:       Where would the ball go if      
                          you drop the ball? 
Pang YiC2Yr3:     It would fall down. 
Researcher:       Down where? 
Pang Yi:            To the sea down there. 

B  

 
 

Researcher:        Where would the ball go if      
                            you drop the ball? 
Peng QianC3Yr3:   The ball would go along the            
                            Earth and roll down. 

C 

 

Researcher:       Where would the ball go if      
                          you drop the ball? 
NatashaA2Yr3:     It would probably fall down. 
Researcher:       Would the ball continue to fall   
                          down to the other end of the Earth? 
Natasha:            No. It just falls down to the ground   
                          and stops. 

D 

 

Researcher:       Where would the ball go if      
                          you drop the ball? 
JamieA1Yr3:        The ball would fall straight to the   
                          ground. 
Researcher:       What about people standing at the   
                          sides and bottom? 
Jamie:               The ball would just go down to the   
                          ground. 
Researcher:       Why do you think so? 
Jamie:                Because gravity pulls everything to   
                          the centre. 

E 

 

Researcher:       [Pointing to the stick figure standing at  
                          the bottom] Where would the ball go if  
                          he drops the ball? 
Yang JingC3Yr3:  It would go up. 
Researcher:       Up where? 
Yang Jing:         Here (drawing an arrow going   
                          across the circle and pointing to the  
                          top edge).        
Researcher:       Why would the ball go like that? 
Yang Jing:         Because the Earth has attraction power.    

Figure 6.3 Year 3 Children’s Drawings Showing Where a Dropped Ball Would Go  
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Figure 6.4 shows children’s responses to the location of gravity when they 

spontaneously mentioned gravity during the interview. The Chinese and Australian 

Year 3 children gave diverse responses that gravity is “in the Earth”, “floating around 

the Earth”, “on the ground”, “along the edge” and “at top section”. Three Chinese and 

four Australian Year 3 children responded that gravity is “in the centre of the Earth” and 

said they came across this knowledge by reading books and watching TV programs. 

Compared with the younger children, the 20 Chinese and 18 Australian Year 6 

children gave a narrower range of responses when asked about where a dropped ball 

would go (Figure 6.2) and if mentioned, where gravity is (Figure 6.4). Almost all 

children from both countries said that the ball would fall onto the ground or fall towards 

the centre of the Earth (Figure 6.2). Six of the 20 Chinese Year 6 children responded 

that the ball would fall towards the centre of the Earth (Figure 6.2) and 14 children drew 

arrows pointing towards the Earth because of “di xin yin li” (Chinese Pinyin, the official 

translation of ‘gravity’, literally means ‘the Earth centre attraction power’). Several 

children also mentioned that gravity is at the “di he”, which is the Chinese Pinyin for 

‘the core of the Earth’. Four of the 18 Australian Year 6 children responded that the ball 

would fall towards the centre of the Earth (Figure 6.2). The rest of the Australian 

children answered that the ball would go straight to the ground but didn’t mention 

gravity. For example, 

 

 

 

 

 

 

 

Researcher Suppose the person that you drew is holding a ball in 
her hand. Where would the ball go to if she drops the 
ball? 

RebekahA3 Well, usually when you are on the Earth and you drop 
the ball, it goes down to the ground. 
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Figure 6.4 Year 3 and Year 6 Children's Responses to Where Gravity is 

 

Day/night Cycle 

For the Chinese Year 3 children, the prevailing belief about the cause of the day/night 

cycle revealed during the in-depth interview was their observation of the appearance of 

the Sun in the daytime and the appearance of the Moon and stars at night (Figure 6.5). 

For example, 

Researcher Why do we have day and night on the Earth?
Jia YiC3Yr3  It’s daytime when the Sun comes out and it’s night 

when the Moon appears. 
 

In comparison, the majority of the Australian Year 3 children demonstrated 

teleological thinking (Piaget, 1929) regarding the cause of the day/night cycle because 

they claimed that “we need to sleep,” “we just have it”, or “we won’t get tired” (Figure 

6.5). According to Piaget (1929), “in the first stage children limit themselves essentially 

to explaining the night by its use” (p. 292) to people, for example, “night comes so that 

we can go to bed”. He referred to this association as teleological. For example, 

0 3 6 9 12 15

in the centre
at top section

along the edge
on the ground

in the Earth
floating around the Earth

Number of Year 3 children

W
h

er
e 

is
 g

ra
vi

ty
?

Australian

Chinese

0 3 6 9 12 15

in the centre
at top section

along the edge
on the ground

in the Earth
floating around the Earth

Number of Year 6 children

W
h

er
e 

is
 g

ra
vi

ty
?

Australian

Chinese

(n=18) 

(n=18) 

(n=18) 

(n=20) 



193 
 

 

Researcher Why do we have day and night on the Earth? 
MeganA2Yr3  Well, you have to go to sleep and you can’t just stay 

up, because you will get really tired. 
 

Three Chinese Year 3 children appealed to the Sun’s movement around the Earth 

and three Australian Year 3 children gave the explanation that the Earth moves around 

the Sun (Figure 6.5). Several Australian children demonstrated scientific understanding 

and referred to a foreign country, such as Italy or England, when reasoning about the 

day/night cycle. For example, 

Researcher Why do we have day and night on the Earth? 
JohannaA2Yr3 Every 24 hours, the Earth spins very slowly. When it 

spins, when we are asleep, Italy has the sun. 
 

  

 

Figure 6.5 Year 3 and Year 6 Children's Responses to the Cause of Day/night Cycle 
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During the interview the majority of the Chinese Year 6 children responded that we 

have day and night because “di qiu zi zhuan” (Chinese Pinyin, which means ‘the Earth 

spins itself’) or “di qiu rao zhou zi zhuan” (Chinese Pinyin, which means ‘the Earth 

spins on its axis’) (Figure 6.5). Six Chinese children drew a dashed line across the circle 

to represent the invisible axis. No Australian children drew the axis in their drawings 

(Figure 6.6). 

 

Li DaC2Yr6 

Figure 6.6 An Example of One Chinese Student’s Drawing Showing the Earth’s Axis 

 

In their explanations of the day and night phenomenon, some Australian Year 6 

children mentioned “time zone”, “longitude”, their travelling experiences to Singapore, 

Malaysia or America or knowing people who live in England. These types of responses 

were not found in the Chinese children’s interviews. For example, 

 

 

 

 

 

Researcher Why do we have day and night on the Earth?
DainaA2Yr6  Because the Earth rotates on an axis and it spins. I’ve 

been to Malaysia and Vietnam, but didn’t feel 
differently.  

Researcher Why was that?
Daina Because it’s just above the same longitude. My mum’s 

got friends in England but they can’t communicate quite 
often, because of the time. 
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Seasons 

The in-depth interviews suggested that the Chinese Year 3 children tended to reverse 

the causal relationship attributing seasons to such things as the Sun shining, snow, 

clouds and fruit (Figure 6.7). Thus, their understanding of the seasons falls into the 

category of precausal thinking (Piaget, 1929). Piaget explained that precausality refers 

to a child’s lack of understanding of a true cause of a phenomenon and his or her 

inability to differentiate the physical realisation of a phenomenon from the factors 

which caused it. The Australian Year 3 children tended to attribute the seasons to 

human needs, understanding that was previously described as teleological thinking 

(Piaget, 1929). For example, 

 

 

 

 

 

 

 

 

 
 

This difference between the Chinese and Australian Year 3 children’s explanations 

and reasoning about the seasons may be due to the differences in climate in the regions 

where the participating children live. In Changsha, children experience four distinct 

seasons with hot summers and snow in winter. In Perth, the seasons are less distinct 

with no snow in the mild winters and non-deciduous (evergreen) trees. The Chinese 

children are more likely to observe trees shooting buds in spring and bearing fruit in 

autumn. 

Researcher Why do we have seasons on the Earth?
He WeiC2Yr3  ……[remains silent]
Researcher Does it have anything to do with the Sun and the 

Earth? 
He Wei [shaking his head]
Researcher Then, why do we have them?
He Wei In spring and summer, the Sun comes out. In winter, it 

snows. 

Researcher Why do we have different seasons?
MadelineA1Yr3 We won’t get too hot.
Researcher Does it have anything to do with the Earth 

or the Sun? 
Madeline We need seasons because the Sun helps 

everyone to grow. 
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Figure 6.7 Year 3 and Year 6 Children's Responses to the Cause of the Seasons 

Interviews also indicated that reasoning about the seasons on the Earth was 

challenging even for the Year 6 children, as very few (6/20 Chinese and 3/18 Australian) 

were able to combine the ideas of the Earth’s tilted axis and its position with regard to 

the Sun during its revolution in their explanation (Figure 6.7). Precausal and 

teleological thinking were not evident among the older children. Several children, in 

both countries, expressed some understanding of the tilted axis, however, had difficulty 

explaining the full phenomenon. For example, 
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Researcher What makes the seasons on Earth?
MatthewA3Yr6 I think it’s because the Earth’s tilted on its axis and it’s got all the 

seasons. But I’m not sure how they come around. 
 

Evidence for Framework Theories and Knowledge in Pieces 

In order to clarify children’s conceptual understanding of the Earth, we examined 

children’s answers to all interview questions and cross checked their responses with 

their drawings to avoid any possible ambiguity caused by language and enhance the 

validity of our interpretations. According to the internal consistency of children’s 

responses to questions about the shape of the Earth, gravity, the day/night cycle and the 

seasons, seven categories of conceptual understanding of the Earth were found among 

the participating Chinese and Australian children. These categories are shown in Figure 

6.8. 

Four Chinese and five Australian Year 3 children consistently demonstrated a 

concept of a round and flat Earth (Figure 6.8, Category A). These children responded 

that people would fall off or float into space if they stood at the edge of the Earth and 

they believed that “people should stand on the ground” (BlazeA3Yr3).  

 

 

 

 

 

Researcher Why do we have different seasons on the Earth? 
Wen XuanC1Yr6 Because the Earth is tilted. When the Earth turns here, 

it’s summer. 
Researcher Is it summer all over the Earth?
Wen Xuan  No. 
Researcher Could you please explain what you mean?
Wen Xuan  I can’t figure it out.
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Category Description Examples of Children’s Drawing Year 3  

(n=36)  

Year 6 

(n=38) 

A  Earth is round and flat 
with an edge  

 people live on the 
ground within the 
edge 

 a dropped ball would 
fall down to the 
ground 

 day/night cycle 
occurs because the 
Sun and the Moon 
move around the 
Earth 

 seasons occur because 
we just have/need 
them 

 Yu XinC1Yr3 
Long LinC1Yr3 

Tang 
ZhuoC1Yr3 

Ming HuiC2Yr3

MannahilA1Yr3 

NatashaA2Yr3 

ClaytonA2Yr3 

MichaelA3Yr3 
BlazeA3Yr3 

N/A 

B  Earth is round like a 
ball 

 people only live on 
the top section of the 
Earth 

 a dropped ball would 
fall down to the other 
end of the Earth, or 
roll along the curve of 
the Earth 

 day/night cycle 
occurs because of the 
appearance of the Sun 
and the Moon 

 seasons occur because 
the Sun rotates around 
the Earth 

 

Peng 
QianC3Yr3 

Zi YiC3Yr3 

Jia YiC3Yr3 

JohannaA2Y3 
ShaylahA3Y3 
 

N/A 

C  Earth is round like a 
ball 

 people live on the 
bottom or the sides of 
the Earth, but not the 
top section (e.g. the 
Earth spins upside 
down) 

 a dropped ball would 
fall down to the 
ground 

 day/night cycle 
occurs because the 
Earth spins around 

 seasons occur because 
the Earth revolves 
around the Sun 

 

LukeA2Y3 JordanA2Yr6 

MeganA2Yr6 
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D  Earth is round like a 
ball 

 continents and oceans 
are inside the Earth 
and people live on the 
Earth. People would 
not fall off as long as 
they hold onto the 
Earth 

 a dropped ball would 
fall straight down, or 
go up to the top 
section 

 day/night cycle 
occurs because the 
Earth rotates around 
the Sun 

 not sure about why 
seasons occur 

 

Jiang 
YingC1Yr3 
Jia HaoC2Y3 

Xian YuC2Yr3 
Yang 
JingC3Yr3 
 

Xiao 
YanC3Yr6 
Wu BoC3Yr6 

E  Earth is round like a 
ball 

 continents and oceans 
are on the surface of 
the Earth, people live 
inside or in the 
middle of the Earth 

 a dropped ball would 
falls down and 
continue to fall to the 
centre of the Earth if 
there is a deep hole 

 day/night cycle 
occurs because the 
Earth spins on its axis

 seasons occurs 
because the Earth 
orbits around the 
Sun/the Sun spins 

 

Pang YiC2Yr3 Jia YiC1Yr6 
Wan LuC1Yr6

Zhi 
YongC2Y6 
He 
ChangC2Yr6 

TessA1Yr6 
AlexA2Yr6 
RebeccaA3Yr6

JacobA3Yr6 
DenaiA3Yr6 

F  Earth is a sphere 
without an edge 

 people live all over 
the curved surface 

 a dropped ball always 
falls towards the 
centre of the Earth 

 day/night cycle 
occurs because the 
Earth spins on its axis

 seasons occurs 
because the Earth 
orbits around the sun 
and Earth’s position 
relative to the Sun 
during its revolution 

 

Liu YuC1Yr3 
Yi FeiC1Yr3 
He WeiC2Yr3 
Yang LeC3Yr3 
Jia XiongC3Yr3 

JamieA1Yr3 
EricA1Yr3 
MadelineA1Yr3 
HenryA1Yr3 
CharlieA2Yr3 
MeganA2Yr3 
WilliamA3Yr3 
AbbyA3Yr3 
CopperA3Yr3 
 

Wen 
XuanC1Yr6 
Zheng 
KeC1Yr6 
Hong 
WeiC1Yr6 
Xiao 
YuanC2Yr6 
Zhao 
QingC2Yr6 
Li DaC2Yr6 
Pang BoC3Yr6

Peng PeiC3Yr6

Ming DeC3Yr6

EmilyA1Yr6 
AlistairA1Yr6 
KathyA1Yr6 
DainaA2Yr6 
GraceA2Yr6 
JohnA2Yr6 
TeganA3Yr6 
MatthewA3Yr6
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G  Earth is a sphere 
without an edge 

 people live all over 
the curved surface 

 a dropped ball always 
falls towards the 
centre of the Earth 
because of gravity 

 day/night cycle 
occurs because the 
Earth spins on its axis 

 seasons occur because 
the Earth’s axis is 
tilted while it’s 
orbiting around the 
Sun 

 

AliceA1Yr3 Yi JieC1Yr6 
Xiong 
ChenC2Yr6 
Lin 
CongC2Yr6 
Zhou 
ChaoC2Yr6 
Tian 
PengC2Yr6 
ThomasA1Yr6 
AndrewA2Yr6 
DanielA3Yr6 

Figure 6.8 Examples of Year 3 and Year 6 Children’s Conceptual Understandings of the 
Earth 

 

A number of children tried to reconcile their life experiences and perceptual 

understanding that ‘unsupported things fall straight down’ with the culturally accepted 

concept that ‘the Earth is a sphere’, thus constructing various concepts of the Earth. 

Unlike the previous flat Earth concept, these concepts tended to be fragmented rather 

than consistent, because children either provided contradictory answers to questions 

regarding where people could stand, or drew the Earth with stick figures that were not 

consistent with their answers (Figure 6.8, Category B, C and D). For example, two 

Chinese children who initially drew stick figures standing at the top perimeter of the 

Earth during discussion denied that people could stand there but they couldn’t figure out 

a reason. One Chinese child said people would not fall off the bottom of the Earth as 

long as they seize, or “hold onto”, the Earth (Yang JingC3Yr3). Three Chinese and two 

Australian children argued that people could only stand at the top of the Earth (Figure 

6.8, Category B), while three Australian children responded that people could stand at 

the sides or the bottom section of the Earth but not the top (Figure 6.8, Category C), and 

(incomprehensibly) explained, for example, that “the Earth spins upside down and 

people would fall down” (LukeA2Yr3).  
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Five Chinese and nine Australian Year 3 children demonstrated a concept of a 

spherical Earth. These children drew stick figures around the globe and they responded 

that a dropped ball would always fall down to the ground no matter where people stand. 

They understood that the day/night cycle occurs because the Earth revolves, but they 

had difficulty understanding how seasons are caused (Figure 6.8, Category F). One 

Australian Year 3 child demonstrated a consistent and scientific understanding of the 

Earth including a scientific understanding of the seasons (Figure 6.8, Category G). 

Compared with the young children, the participating Chinese and Australian Year 6 

children were more likely to demonstrate a concept consistent with a scientific, 

spherical Earth. Although a number of children mentioned “round” or “circle” in 

answering the question about the Earth’s shape, and drew stick figures in the circle, 

detailed analysis of their responses and the children’s own clarification showed that 

they actually meant that the Earth is spherical. Children who drew stick figures in the 

circle emphasised that people could stand everywhere on the globe and they explained 

this by drawing on their experiences, for example, they have been to other countries and 

it felt normal. 

A flat Earth concept was not detected among the Year 6 children as the older 

children tended to understand that the Earth is a sphere (Figure 6.8, Category E, F and 

G). Children falling into Category E attributed the seasons to the Earth’s revolution 

around the Sun or the changing heat of the Sun while the Sun spins. Children falling 

into Category F attributed the seasons to the Earth’s positions relative to the Sun during 

its revolution. A tilted Earth or a tilted axis was not detected in either Category E or F. 

In contrast, children falling into Category G drew a tilted Earth or a tilted axis, and 

explained that seasons occur because the Earth is tilted and when the Earth is orbiting 

the Sun some parts are more exposed to the sunlight. 
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Discussion 

Although China and Australia are two vast countries located on the opposite sides of the 

Earth, our findings revealed similar conceptual understandings of the Earth’s shape and 

gravity and similar conceptual understandings of the day/night cycle and seasons by 

children in the same year groups. The results gave support to the universality of 

children’s cosmologies hypothesis (Vosniadou, 1994; Vosniadou & Brewer, 1992; 

Vosniadou, et al., 2004). The Year 3 children’s conceptual understanding of the Earth 

often were constrained by the core principles that could be considered as originating 

from a naïve physics, such as ‘people stand on the ground’ and ‘unsupported things fall 

straight down’. Their understanding often seemed to be constrained by Piaget’s 

cognitive stages, indicating universality (Piaget, 1929, 1930). For example, Year 3 

children from both countries appealed to teleological and precausal thinking when 

reasoning about the day and night cycle and the seasons, as according to Piaget, 

children at this age transit from the preoperational stage to the concrete operation stage 

and they are not able to think logically or abstractly.  

Cultural mediation due to the customs, geography and civilisation of the particular 

people also was found in the children’s cosmologies; however, this cultural mediation 

was subtle in nature and did not result in the children from the different cultures having 

vastly different concepts of the Earth. For example, the results indicated that Australia’s 

distinctive geographic location and Australian’s cultural links with other countries had a 

positive impact on some of the participating Year 3 children’s conceptual understanding 

of the Earth’s shape and the day and night cycle. In Year 3, the Australian children 

tended to have a more global Earth concept compared with the Year 3 Chinese children 

and were able to identify other continents and oceans on the Earth. Moreover, they were 

more likely to demonstrate scientific understandings of the day and night cycle due to 

overseas travel experiences or having relationships with people living in other countries. 
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This finding is consistent with previous research (Siegal, et al., 2004). According to 

Siegal, Australian children were significantly in advance of their English counterparts in 

their understanding of the Earth’s shape. 

The findings indicated that, Chinese ancient cosmological models of the Earth, such 

as the ‘cap’ Earth or the ‘egg’ Earth, had little impact on the participating children’s 

understanding of the Earth. One possible explanation is that the participating Chinese 

children were born in the late 1990s and early 21st century. During this period of time, 

modern science and technology was promoted as being critical to primary productivity 

and the national policy of “revitalising China through science and technology” was a 

central aspect of the Ninth Five-Year Plan (National Development and Reform 

Commission People's Republic of China, 2007). Chinese Mandarin, however, as the 

language of instruction, seemed to have an impact on some participating children’s 

understanding of gravity. This impact tended to be positive and more pronounced with 

the Year 6, compared with the Year 3 children, as they were better able to demonstrate 

understanding of the Earth’s shape, gravity and the day and night cycle due to the literal 

meanings of the Chinese cosmological technical terms. Before children are introduced 

to technical terms, for example di xin yin li (Chinese Pinyin, literal meaning ‘the Earth 

centre attraction power’, or ‘gravity’ in English), synonyms such as xi yin li (Chinese 

Pinyin, literal meaning ‘attraction power’) are used in science class instruction or books 

for children. As there is no indication where the attraction power is in this Chinese 

phrase, the younger, Year 3 Chinese children gave various answers when asked about 

where gravity is. However, the participating Year 6 Chinese children gave more 

scientifically accepted answers and demonstrated better understanding of Earth’s shape 

and gravity.  

Based on the analysis of children’s responses to all interview questions and the 

internal consistency of their responses to questions about the Earth’s shape, gravity, the 
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day/night cycle and seasons, two consistent concepts or models were identified: an 

initial concept and the scientific concept. Generally speaking, the Year 3 children were 

more likely to demonstrate the initial concept which is of a flat, round Earth with an 

edge. Children with this initial concept responded that the Earth is round, or a circle, 

and people could only stand on the ground. A dropped ball would fall straight down and 

we have day and night because the Sun and Moon move around us. The Year 6 children, 

however, were more likely to demonstrate the scientific concept of the Earth. Children 

with a scientific concept responded that the Earth is a sphere and people stand 

everywhere on the sphere. A dropped ball always falls towards the centre of the Earth. 

The Earth spins on its axis which causes the day and night cycle. Some students 

understood that the tilted and invisible axis and the Earth’s position in relation to the 

Sun during its revolution causes the seasons to occur, however, several students with a 

scientific understanding of the shape of the Earth had not yet constructed full 

understanding of this complex phenomenon.  

Our cross-sectional and cross-cultural study revealed that similar concepts of the 

Earth’s shape and gravity, as well as the motion of the Earth, the Sun and the Moon, 

were detected among the participating Chinese and Australian children. The results also 

suggest that conceptual understanding of the Earth is similar for both the Chinese 

children and the Australian children. In appears that in both countries, and in both 

school year groups, children actively constructed their conceptions of the Earth as a 

result of the interaction between their pre-instructional perceptions of their environment 

and what they’ve learned. The data also suggest that major conceptual reorganisations 

were necessary as children progressed from Year 3 to Year 6, consistent with the 

characteristics of radical conceptual change (Posner, Strike, Hewson, & Gertzog, 1982). 

We found that this conceptual reorganisation was facilitated by students learning 

scientifically and commonly accepted information of the type that is available through 
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either formal or informal education. For example, the findings indicate that between 

Year 3 and Year 6 children gain understanding that the Earth is spherical in shape, that 

gravity enables people to stand on all parts of the sphere, that the Earth’s spinning 

causes day and night, and that the Earth being tilted and revolving around the Sun 

causes the seasons. Our examination of the Chinese and Australian curriculum 

documents described at the beginning of this paper indicates that these ideas are indeed 

made available to students through instruction in primary school in these two countries 

and possibly through other informal modes of education such as books, television and 

science centres. 

Figure 6.9 presents a diagrammatic representation of a proposed pathway of 

conceptual development with regard to children’s cosmologies that represents our 

findings. As the figure shows, there are qualitative changes in children’s understandings 

of the Earth from a non-scientific model to the scientific model. Many children initially 

believe that the Earth is flat ground and when they are exposed to the culturally 

accepted idea that the Earth is a sphere, they try to assimilate or reconcile the idea of a 

spherical Earth with the idea of a flat Earth. It is evident from our findings that the 

increase of knowledge, and reconciliation, as well as the impact from daily experiences, 

including language and culture, gives rise to fragmented and unsystematic 

understanding. The fragmented knowledge is restructured as children revise the core 

constraints and eventually acquire the scientific model of the Earth. 
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Figure 6.9 A Diagrammatic Representation of the Pathway of Conceptual Development 

about Children’s Understandings of the Earth 

 

 

Initial Flat Earth Concept  
(Figure 6.8, Category A) 

 the Earth is flat with an edge 
 people stand on the ground within the edge 
 a dropped ball goes straight down 
 day/night occurs because the Sun and the Moon 

move around us/the Sun comes out in the 
daytime and Moon comes out at night 

 seasons occur because the Earth invents them/we 
just have and need them 

Transitional Stage with Fragmented Knowledge 
(Figure 6.8, Category B, C, D, E) 

 the Earth is round like a ball 
 people stand either on the upper or the lower part 

of the Earth, or only inside the Earth 
  a dropped ball falls down/rolls along the 

Earth/goes up to the top/goes down to the ground 
 day/night occurs because the Earth moves around 

itself, or because the Sun and the Moon move 
around the Earth 

 seasons occur because the Earth moves around the 
Sun/the Sun moves around the Earth/the Sun 
spins/the Sun’s heat changes over time 

 Spherical Scientific Earth Concept 
(Figure 6.8, Category F, G) 

 the Earth is a sphere without an edge 
 people stand all over the curved surface and 

people would not fall off because of gravity 
 a dropped ball always falls towards the centre 

of the Earth where gravity is 
 day/night occurs because the Earth spins on 

its axis  
 the Moon moves around the Earth 
 seasons occur because of the Earth’s 

revolution around the Sun and Earth’s tilted 
axis 
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The model of a conceptual pathway we propose in Figure 6.9 is partially consistent 

with Vosniadou and Brewer’s (1992, 1994) findings. We found some students in our 

sample demonstrated a coherent, consistent initial model of the Earth. We also found 

other students with a coherent and consistent scientific model of the Earth. The majority 

of students in our sample had conceptions that could be described as synthetic but they 

often lacked consistency and coherence and students often expressed ideas that were 

incompatible. Our findings did not support the existence of coherent mental models of 

the synthetic type proposed by Vosniadou and Brewer including, for example, the dual 

Earth, hollow sphere and flattened sphere. In this way, our findings were more 

consistent with those of Nobes et al. (2003) who found that learning about the Earth was 

a gradual process of accumulation of pieces of disorganised cultural information until 

the scientific understanding of the spherical Earth is finally conceptualised. 

The conceptual pathway proposed in Figure 6.9 is a composite of the two 

theoretical perspectives presented in our theoretical framework. Our findings with 

primary school children from both countries support Vosniadou and Brewer’s argument 

that there is a consistent and coherent, but clearly naïve and simplistic, initial mental 

model of the Earth and there is evidence of a consistent and coherent scientific mental 

model of a spherical Earth. The pathway between these mental models, however, is 

messy, and seems to be the result of the accumulation of cultural information, some 

scientific, some non-scientific, pieced together in a jumbled and ad hoc manner. Our 

findings also are consistent with Brown’s (2010) description of a dynamic and evolving 

structure. 

The implications of this study for the teaching of primary earth science in both 

countries are clear. According to the pathway of conceptual development about students’ 

understanding of the Earth (Figure 6.9), teachers should recognise that conceptual 

understanding is not fixed, but can be developed. First, teachers are encouraged to ask 
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probing questions as provided in Appendix D to reveal students’ conceptual 

understanding of the Earth. Second, students should be encouraged to reflect on their 

own thinking and explain how and why they understand the Earth in a particular way. 

Third, to help students progress, cognitive conflict may be necessary to challenge their 

naïve ideas and understandings about the Earth. Fourth, group work and discussion 

should be organised to allow students to share their ideas and enable the teacher to 

scaffold students and improve their understandings.  

Conclusions 

Our findings showed that the participating Chinese and Australian children from the 

same year group constructed similar conceptual understandings of the Earth. A number 

of the Year 3 children constructed a non-scientific model of a flat Earth. The Year 6 

children were more likely to demonstrate a consistent scientific model of a spherical 

Earth. The study revealed that cultural factors, including the child’s language and 

geographic location, had a subtle impact on the way some children conceptualised the 

Earth. For example, the Australian children were more aware of a spherical Earth 

concept due to Australia’s location in the southern hemisphere, relationships with 

people in other countries and concrete experience of overseas travel. Further, the literal 

meanings of Chinese cosmological technical terms facilitated Chinese Year 6 children’s 

conceptual understanding of the Earth. On the whole, however, the ideas accumulated 

by students who had a scientific model of the Earth were those available to them 

through the scientific enculturation they received during formal and informal education, 

for example, at school, and through books. The findings of this study provided evidence 

of a consistent, coherent, but naïve initial mental model of a flat and round Earth based 

on the children’s direct perceptions of the environment and a consistent, coherent 

scientific mental model of a spherical Earth. The majority of students in this study, 

however, expressed conceptions that were somewhere in between these two extremes 
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and lacked coherence and consistency. This finding suggests that the accumulation of 

cultural information that informs students’ conceptual understanding of the Earth is 

gradual, piecemeal and ad hoc. 
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Chapter Seven  

Chinese and Australian Children’s Understandings of Living and Non-living 
Things: A Cross Cultural Study of Conceptual Development 

 

Abstract 

The purpose of this study was to explore Chinese and Australian 

primary children’s conceptual understandings of living and non-living 

things. The research was conducted in the interpretive paradigm and 

was designed to be descriptive with comparative and cross-sectional 

elements. Participants were Year 3 and Year 6 children from three 

schools in Hunan Province, central south China (n=38) and Year 3 and 

Year 6 children from three schools in Western Australia (n=36). In-

depth interviews were carried out to explore the criteria participants 

used to classify various objects as either living or non-living things. The 

results showed that children from the same year group constructed 

similar conceptual understandings of living things, and children’s 

understandings were similar across the two cultures. The participating 

Year 6 children used more sophisticated and consistent criteria than the 

Year 3 children to make judgements about living things. Civilisation 

culture and educational culture were found to have a subtle impact on 

children’s conceptualisations of living and non-living things. 
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Introduction 

The distinction between living and non-living things is what defines the subject of 

biology. Being able to make this distinction is essential for children to understand 

science at the most fundamental level and the world in general (Inagaki & Hatano, 

2002). As a consequence, children’s ability to distinguish between living and non-living 

things has been extensively explored since the 1920s. Piaget (1929) proposed that 

children progress through four stages of understanding about living things. During the 

first stage (up to the ages of 6 or 7), Piaget claimed that children define life in terms of 

an activity useful to human beings. In the second stage (age 6-8), children associate life 

with movement, a concept termed animism. Children in the third of Piaget’s stages (age 

8-12) narrow their definition, considering spontaneous movement as the only attribute 

of life. In the final stage, Piaget found that children restrict life to animals alone, or to 

plants and animals, that is, they have a biological understanding (Piaget, 1929, pp. 196-

204).  

As the twentieth century progressed, a number of researchers worked to either 

verify or refute aspects of Piaget’s work. For example, a decade after Piaget’s initial 

publications on living things, Russell and Dennis conducted a series of studies to 

replicate his work (Russell, 1940a, 1940b; Russell & Dennis, 1939; Russell, Dennis, & 

Ash, 1940). Although they disagreed with Piaget on the progression of the concept of 

animism and that of allied concepts, they reported that 99 percent of children were 

classifiable into one or other of Piaget’s four stages. During the 1950s Klingensmith 

(1953) found that while children often claimed an inanimate object as living, they didn’t 

necessarily attribute sensory perception or function to that object. Further, Klingberg 

(1957) reported that seven to ten year-old Swedish children were better able to apply the 

distinction between living and non-living things than Piaget had claimed. An important 

development was the work of Laurendeau and Pinard (1962), who found that children 
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of all ages associated life with many different properties and argued that motion was not 

the only property used by children to classify living things. Smeets (1974) found that 11 

year-old children used categorical thinking and biological words to distinguish living 

things from non-living things. Looft (1974) reported that second grade children were 

able to attribute the need for nutrients to living things, but few applied the more 

complex biological criteria of respiration and reproduction. 

As a consequence of these findings, Richards and Siegler (1986) designed three 

experiments to examine how children used their knowledge of the attributes of living 

things to make decisions about the nature of unfamiliar objects. They reported that 

while other attributes were mentioned, motion was the most frequently cited attribute by 

participating children. Inagaki and Hatano (2002) found that young children tended to 

draw analogically on their knowledge about human beings when attributing properties 

to less familiar living things. Similarly, Opfer and Gelman (2001) found that American 

children appealed to vitalistic concepts when reasoning about biological phenomena and 

this tendency was more evident in older children. In their study of 300 five to 16 year-

old children in Israel, Stavy and Wax (1989) found that while almost all children 

attributed growth to plants, only half of them considered plants as living. Tamir et al. 

(1981) studied over 400 Israeli children aged eight to 14 and found that a progression of 

children’s concept of living became apparent, the younger children more often used 

movement and usefulness as criteria, the older children were more likely to use 

biological processes as criteria.  

Research Rationale 

Although the research reported above has laid a solid empirical foundation to inform 

teachers and researchers about children’s understanding of the concept of living and 

how children distinguish living from non-living things, cross-cultural comparative 

studies of children’s understandings of living things are rare compared with those 
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conducted within one country or culture. As a consequence, there is limited information 

about the degree to which cultural experiences mediate children’s developing 

understandings of living things.  

In our previous research we used two definitions of culture to help us understand 

cultural mediation of children’s conceptual understanding in earth science (Tao, et al., 

in press-a). The first definition of culture was with regard to “the customs and 

civilisation of a particular people or group” (Liebeck & Pollard, 1994, p. 194). The 

second definition of culture referred to “development or improvement by education or 

training” (The Macquarie dictionary and thesaurus, 1991, p. 107). In this paper we 

further argue that the distinction between these two types of culture is important for 

science education but our findings did suggest to us that a more nuanced view of culture 

for the purpose of this type of educational research may be appropriate. Robin 

Alexander (2000) stated in his Culture and pedagogy: International comparisons in 

primary education that: 

…life in schools and classrooms is an aspect of our wider society, not separate 

from it: a culture does not stop at the school gate. The character and dynamics of 

school life are shaped by the values that shape other aspects of …national life. (p. 

29-30) 

…culture both drives and is everywhere manifested in what goes on in classrooms, 

from what you see on the walls to what you cannot see going on inside children’s 

heads. (p. 266) 

Based on Robin Alexander’s (2000) descriptions of culture, it is evident that a 

sharp differentiation between civilisation type of culture and educational type of culture 

may not be appropriate and that each type of culture may influence the other. In this 

study we have taken these interesting ideas into consideration.  

In our previous research conducted in China and Australia (Tao, et al., in press-a), 

the findings revealed that despite the different cultures, primary school children had 

similar conceptual understandings of the Earth’s shape, gravity, the day/night cycle and 
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seasons. The results gave support to the hypothesis that children’s conceptual 

development is fundamentally universal (Vosniadou, 1994; Vosniadou & Brewer, 1992; 

Vosniadou, et al., 2004). Importantly, however, our findings also revealed cultural 

mediation of the children’s developing understandings of the Earth. For example, Year 

3 Australian children tended to have a more global Earth concept compared with the 

Year 3 Chinese children and were able to identify other continents and oceans on the 

Earth. This difference may have been due to Australian children participating in, and 

Chinese children not participating in, early childhood science education from 

kindergarten to Year 2. When children from both countries were asked how they knew 

that the shape of the Earth is a sphere, they said that they learnt this information from 

science books, maps and globes, their parents and from school (Tao, et al., in press-a). 

Both these examples show the influence of the educational type of culture on the 

participating children’s conceptual understanding. 

Our findings also revealed evidence of cultural mediation of children’s 

understandings in earth science due to the customs and civilisation of the particular 

people (Tao, et al., in press-a). This type of cultural mediation was found to be subtle in 

nature and did not result in the children from the different cultures having vastly 

different models of the Earth. For example, nuances in Chinese language were found to 

support the development of Chinese children’s conceptual understanding of gravity. 

Further, Australian children’s experiences of travel around the world helped them to 

understand the day/night cycle (Tao, et al., in press-a). The findings from our previous 

research indicated that the accumulation of cultural information that informs students’ 

conceptual understandings of science, in this case earth science, seems to be gradual, 

piecemeal and ad hoc.  

Our previous research in earth science provided the rationale for the research 

presented in this paper that focuses on the concepts of living and non-living things. It is 
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important for both teaching and theoretical reasons to further understand the 

relationship between the universal aspects of children’s conceptual development and the 

nature of cultural mediation in other conceptual areas of science including biology. As 

stated previously, the distinction between living and non-living things is critical to 

young children’s understanding of biology. It also is important to better understand 

cultural mediation of both the civilisation type and the educational type and the nature 

of cultural influences on children’s conceptual development.  

Purpose and Research Questions 

Vosniadou (1994) argued that cross-cultural studies provide a strong context for the 

investigation of universality and cultural mediation and in order to explore universality 

and cultural mediation it is necessary to examine children’s understanding either 

longitudinally or in cross section. Accordingly, the research presented in this paper was 

a cross-cultural, cross-sectional study conducted in six primary schools in China and 

Australia. The broad purpose of the research was to contribute empirical data to the 

body of research addressing complex questions about how children from different 

countries and cultures know and learn about living and non-living things. The research 

questions were: 

a. What are Chinese and Australian Year 3 and Year 6 children’s conceptions 

of living and non-living things?  

b. How do Chinese and Australian children’s conceptions of living and non-

living things develop between Year 3 and Year 6? 

c. What evidence is there for universality and cultural mediation in Chinese 

and Australian Year 3 and Year 6 children’s conceptions of living and non-

living things? 
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Research on Chinese and Australian Children’s Conceptual Understandings 
Living and Non-living Things 

There have been a limited number of published studies on children’s understanding of 

living things conducted in the cultural contexts of Australia and China. One significant 

study was conducted by Sedgwick et al. (1978) with more than a thousand Australian 

children aged from six to 14 years. Analysis of responses revealed that the younger 

children used movement and the external structure of objects as basic criteria for life. 

The older children were more likely to use internal structure and physiological functions. 

Venville and Donovan (2007, 2008) carried out a series of case studies in natural 

classroom settings. Findings indicated that with proper intervention and instruction, 

primary children were able to develop meaningful associations between the concepts of 

genes and DNA and inheritance, thus enabling them to better distinguish living things 

from non-living things.  

In China, Huang and Lee (1945) first investigated children’s animistic explanations 

to test Piaget’s stage theory. Interviews with children revealed that their animistic 

responses depended on specific characteristics of an object rather than on any general 

tendency of movement. More recently, research concerning children’s understanding of 

biological concepts has been conducted from cognitive and psychological perspectives. 

Researchers carried out several studies on children aged from four to seven years, 

attempting to map out their naïve theory of biology, including their understanding of 

aging (Zhu & Fang, 2005), animal reproduction (L. J. Zhang & Fang, 2005b), plant 

reproduction (L. J. Zhang & Fang, 2006) and their ability to distinguish plants from 

non-living things (L. J. Zhang & Fang, 2005a). Research findings indicated that until 

the age of seven, children were unable to distinguish animals and plants from non-living 

things in terms of reproduction.  
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Theoretical Framework 

The theoretical framework developed for this study is made up of two parts. The first is 

informed by the literature on conceptual development in biology; the second revolves 

around the issues of universality of conceptual understanding and the notion of cultural 

mediation. Each of these aspects of the theoretical framework is elaborated below. 

Conceptual Development in Biology 

The nature of children’s conceptual development in biology has been subject to decades 

of debate. A number of researchers have asserted that children’s understanding of 

animals is embedded within an intuitive biological theory (Rosengren, Gelman, Kalish, 

& McCormick, 1991; Springer & Keil, 1991). In contrast, Carey (1985) suggested that 

children’s concept of ‘animal’ evolves from a social theory of human behaviour to a 

theory based on biology. Carey (1985) argued that young children may appreciate that 

living things are distinct from inanimate objects, but they do not have a theory of 

biology, they have not differentiated the domain of biology from the domain of 

psychology. Carey (1985) reported that young children of about four and five years of 

age appealed to naïve psychology or human intentional causality to explain bodily 

functions of living things and activities of non-living things. The naïve psychology 

explains behaviour in terms of wants and beliefs. It concerns both human and animal 

behaviour because animals are seen as behaving beings. As a consequence, young 

children understand concepts such as fruit, plant and animal in terms of their behaviour 

and properties as they affect people (e.g. the taste of an orange, the smell of a skunk). 

Carey (1985) suggested that as children’s biological knowledge grows between the ages 

of four and ten, they tend to attribute biological functions to living things and biology 

emerges as a separate domain from naïve psychology. Similarly, Slaughter, Jaakkola 

and Carey (1999), showed that children’s concepts of life transformed from focusing on 
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movement, activity and/or usefulness to a theory of biology based on biological 

processes and the goal of maintaining life. 

In contrast with Carey and colleagues’ ideas, Keil’s (1989; 1991) research did not 

show a theory of biology emerging from a naïve psychology. Rather, he said that young 

children have a set of abstract principles that guide their intuitions about living things. 

Similarly, diSessa (1988), supported the idea that children’s initial understandings of the 

world are simple abstractions of daily experiences which are fragmented and shallow. 

diSessa (2008) argued that intuitive knowledge is not structured in a coherent manner, 

rather, he claimed, it is a collection of simple elements known as phenomenological 

primitives (p-prims) that originate from children’s perceptual, superficial interpretation 

of the world. P-prims are eventually organised, through learning, into a conceptual 

system, that involves collecting and organising the fragmented pieces of knowledge into 

larger, scientific and theory-like structures.  

Springer (1999) and Inagaki and Hatano (2002) also argued that a theory of biology 

does not emerge from other framework theories. According to Springer, a theory of 

biology appears around four of five years of age and develops as a self-regulating theory 

that is informed by other theories such as a naïve psychology. Inagaki and Hatano (2002) 

proposed that children have an intuitive theory of vital powers, which takes the form of 

a triangular relationship between (a) taking food and/or water, (b) the characteristics of 

being active and lively and (c) growth (2002, p. 42). They argued that this triangular 

relationship constitutes the core of young children’s naïve theory of biology. Venville 

(2004) classified five and six year old children into three groups: those that used non-

scientific criteria to classify things as living including that they are useful or can be 

associated with people; those who used scientifically accepted criteria such as 

movement, nutrition, growth and reproduction; and, those in transition between these 
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two groups. Children in transition tended to use criteria such as movement, death, the 

presence of body parts and analogies with people. 

Universality and Cultural Mediation 

Piaget (1929) proposed that the developmental stages of children’s concept of life were 

“independent of environment” (p. 290). This assertion that resulted from Piaget’s 

extensive research brought about the idea of universality; that is, that regardless of 

where children grow up, there will be commonalities in the way they know and 

understand the world. Looft and Bartz (1969), for example, reviewed the literature and 

reported that animistic notions were present in populations of children of all ages and 

cultures. Research conducted across several decades of the twentieth century has shown 

that a number of commonalities of children’s understanding of living things are evident 

across different cultures, including Canada (Laurendeau & Pinard, 1962), China (Huang 

& Lee, 1945), England (Russell, 1940b), Japan (Hatano, et al., 1993), and the United 

States (Richards & Siegler, 1984). According to Hatano et al., the parrells in children’s 

judgements across these distinct cultures indicate that children’s understandings 

concerning biological properties are “extensively influenced by their observations of the 

world and natural ontological distinctions” (1993, p. 59).  

It is important to note that in addition to these similarities, there also is much 

evidence that learning is “multifaceted, contextual and dynamic” (X. Liu & Lesniak, 

2006, p. 340) and that important differences have been found in the way that childen 

learn about living things across cultures. For example, the differences between Spanish 

and New Zealand children’s understanding of the word ‘animal’ were associated with 

the distinct terminologies in the two languages (Bell, 1981; Villalbi & Lucas, 1991). 

Japanese children were found to be more likely than children in the USA or Israel to 

view plants or inanimate objects as living due to the Japanese cultural belief that plants 

are much like human beings (Hatano, et al., 1993). The Israeli children in this study 
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were least likely to attribute life to plants because, in Israeli culture, plants are regarded 

as food for living things and the Hebrew language for ‘plant’ has no obvious relation to 

living or alive (Hatano, et al., 1993). These researchers suggested that cultral beliefs, 

language and subjective distance between biological categories played important roles 

in children’s understanding of the concept of living. 

Language, as part of civilised culture and a necessary aspect of education, has been 

show to be a powerful mediator of children’s learning of biology. For example, the 

words ‘live,’ ‘living’ and ‘alive’ are used in a variety of ways in everyday English that 

are not consistent with their scientific meanings. For example, phrases such as “the 

electric wire is live (or dead)” or “she’s living in an apartment” can confuse young 

children learning science (Venville, 2004). Research in Brunei found that the Malay 

word ‘hidup’ is used in everyday langauge to mean ‘start up’ as in ‘start up the car’ but 

when directly translated into English (the language of instruction in Brunei) it means 

something akin to ‘bring alive’ (Salleh, et al., 2007). This language issue has been show 

to further confuse young children who tend to think that cars are living because they 

move. Given this body of research that shows both universality and cultural mediation, 

further studies examining the effects of cultural variables are needed to better specify 

the ways they influence children’s biological understanding.  

Living Things in Chinese and Australian Primary Science Curricula 

A comparison of Chinese and Australian primary curricula on the scope and sequence 

of concepts in life science is a necessary pre-requisite to the investigation of children’s 

conceptions of living and non-living things in the two countries. Chinese primary 

science curriculum introduces life science in the first term of Year 3. In contrast, the 

Western Australian curriculum framework introduces life science from kindergarten. 

The Western Australian curriculum emphasises the teaching of Life and Living, with 

about one third of all the content that is listed (Curriculum Council Western Australia, 
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1998); while in China its counterpart, World of Living Things, constitutes about a 

quarter of the total content matter (Curriculum and Teaching Materials Research 

Institute, 2001). Data from the Trends in Mathematics and Science Study (TIMSS) 2003 

indicate that Australian Year 4 students spent an average of five percent of instruction 

time on science, of which life science takes up 40 percent (Martin, et al., 2004). 

An overview of Chinese and Western Australian primary science curricula on life 

science is presented in Table 7.1. Interestingly, both curricula have an emphasis on 

children’s understanding of living things’ features, needs, life processes and their 

interdependence with the environment. Australian children learn about living things 

from kindergarten and they are taught about living things’ needs, life processes and 

features throughout the primary years with an increase of complexity and depth from 

one level to another (Table 7.1). In contrast, Chinese children learn about living things 

from Year 3 and they are taught about the features, needs and life cycles of plants and 

animals (Table 7.1). In the later years, Chinese children participate in activities such as 

making observations with magnifiers and microscopes. 
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Table 7.1 Chinese and Western Australian Primary Science Curricula on Life and Living  

 K/P Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 
Chinese N/A N/A N/A  observing trees, 

flowers and 
leaves 

 observing snails, 
crickets and ants

 knowing about 
the life cycle of 
plants 

 knowing the life 
cycle of animals 

 features of living 
things 

 knowing about 
how animals 
survive 

 knowing about 
how plants 
survive 

 observing roots 
and stems of 
plants 

 life cycles of 
living things  

 observing 
flowers, fruits 
and seeds 

 living things and 
environment  

 observing and 
recording the 
growth of a seed 

 knowing about 
the habitats of 
animals 

 discussing the 
basic needs of 
living things 

 knowing about 
the food chain 
and ecological 
balance 

 observing with 
microscope 

 observing insects 
with a magnifier 

 observing with 
microscope 

 environment and 
us 

 knowing about 
recycling 

 knowing about 
current 
environmental 
problems 

 knowing about 
environmental 
protection 

Western 
Australian 

 plants and 
animals need 
special care 

 living things 
have different 
features and 
change over 
time 

 

 our environment 
contains living 
things 

 living things have 
basic needs and 
life cycles 

 living things can 
be grouped 
according to their 
features 

 our 
environment 
contains non-
living things 

 living things 
survive 
because of 
essential life 
processes 
that non-
living things 
do not have 

 living things 
need other living 
things to survive

 living things can 
be grouped 
according to 
identified 
features 

 living things 
have offspring 
that mostly 
resemble their 
parents 

 living things 
depend on each 
other 

 living things 
grow and 
reproduce 

 groups of living 
things have 
similar life 
cycles 

 living things 
have different 
adaptations 

 living things 
have diverse 
roles in the 
environment 

 living things can 
be classified 
according to 
observable 
features 

 all living things 
have a range of 
life processes 

 differences in life 
cycles can be 
compared 

 biodiversity and 
organisms 

 organisms need 
the living and 
non-living 
elements to 
survive 

 organisms have a 
number of life 
processes  

 living things can 
reproduce by one 
or two parents 
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Design and Methods 

Consistent with the theoretical framework and research questions that focus on 

children’s in-depth understandings of living things, this research was conducted in the 

interpretive paradigm (L. Cohen, et al., 2000). While a quantitative science quiz was 

used to select participants, the data presented in the findings of this paper all were 

generated through detailed, qualitative interviews with participating students. In order to 

address Research Question a about students’ conceptions of living things, the research 

was designed to be descriptive. Descriptive research “set[s] out to describe and interpret 

what is” and the “researcher accounts for what has already occurred” (L. Cohen & 

Manion, 1989, p. 70). In order to address Research Question b, about the development 

of children’s conceptions of living things, the research design also incorporated a cross-

sectional element with data collected from both Year 3 and Year 6 students. In 

education, “cross-sectional studies involve indirect measures of the nature and rate of 

changes in the physical and intellectual development of samples of children drawn from 

representative age levels” (L. Cohen, et al., 2000, p. 175). Finally, in order to address 

Research Question c, about universality and cultural mediation, the research also was 

designed to be comparative with data collected in six schools, three in China and three 

in Australia. “Comparison is a search for similarity and difference… it is a grand 

research strategy, a powerful conceptualisation” (Stake, 2006, pp. 82-83). 

Participants 

Year 3 and Year 6 students were considered suitable participants for this study. The 

Chinese Year 3 students had no formal science education and no systematic instruction 

on biology, thus we could examine their naïve thinking and compare their 

understandings with the Australian Year 3 students who had received formal science 

education from kindergarten. Year 6 students in both counties were at the end of their 
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primary school education and had participated in at least four years of formal science 

instruction. The Year 3 participants in the science quiz were 135 Chinese children 

(mean age = 8.0) and 120 Australian children (mean age = 8.4) from three schools in 

Hunan Province, central south China and three similar schools in Western Australia. 

The Year 6 participants in the science quiz were 140 Chinese children (mean age = 12.1) 

and 105 Australian children (mean age = 11.5) from the same six schools. The 

geographic location, size, socioeconomic status and public/private status of the Chinese 

schools and the Australian counterparts were matched. A more detailed account of the 

criteria used for selecting these schools is provided by Tao, et al. (2012). 

Children were selected to participate in the interview based on their performance on 

the science quiz. Six to eight children representing high, average and low performance 

on the science quiz in each year group in each school were interviewed. This approach 

was taken to ensure children with a wide spectrum of science conceptual understanding 

in each year group and in each school participated in the in-depth interviews. A total of 

74 children participated in the in-depth interviews, including 18 Chinese and 18 

Australian Year 3 students, and 20 Chinese and 18 Australian Year 6 students. 

Data Collection 

A quantitative 12-item, multiple choice science quiz developed from items released by 

the Trends in Mathematics and Science Study (TIMSS) science was administered to all 

participating students. This quiz was used to select a smaller number of students for in-

depth interviews about living things. TIMSS items are made available in English and 

Chinese and are rigorously validated for delivery in countries with different curricula 

(Olson, et al., 2008). The Chinese version of TIMSS, administered in Chinese Taipei, 

was modified to use the simplified Chinese characters that are standard in mainland 

China. Scoring of the science quiz involved allocating one point for the correct answer 

for each item.  
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The interview protocol (Appendix E) followed an interview about instances format 

(White & Gunstone, 1992) and was based on the previous study by Piaget (1929) and 

Venville (2004). Two pieces of paper with six pictures on each were used to prompt the 

children to discuss a variety of living and non-living things. The pictures were of a fire, 

a table, a car, a tree, flowers, grass, the Sun, a cloud, a cat, a bird, a fly and a house. The 

children initially were asked if they knew what the picture was, and then were asked to 

use a pencil to tick those objects which they thought are living and cross those objects 

which they thought are not living. The children then were asked the reasons for their 

response and were encouraged to give as many as they could think of. In China, the 

interviews were conducted in Mandarin and in Australia the interviews were conducted 

in English. All interviews were conducted by the researcher who is fluent in both 

Mandarin and English and is a qualified Mandarin/English translator. All interviews 

were audio recorded and fully transcribed. 

Data Analysis 

The transcribed qualitative data generated by the interviews were analysed in three 

stages examining the participants’ conceptions with regard to living animals, then plants 

and non-living objects. In the first stage, interview transcripts were analysed to ascertain 

the participating children’s responses to questions about whether a cat, a bird and a fly 

are living things and the reasons they gave for classifying them as living or not living. 

In the second stage, the children’s interviews were analysed to ascertain their responses 

to questions about whether trees, flowers and grass are living things and their reasons 

for the classification. In the third stage, interviews were analysed to ascertain the 

children’s responses to questions about whether the Sun, a cloud, a fire, a car, a table 

and a house are living and their reasons for the classifications. Graphs presenting 

children’s classification and the criteria used to determine whether something is living 

or not living were computer generated so that comparisons could be made between the 
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typical responses from Chinese and Australian children as well as the Year 3 and Year 6 

children. During the three phases of the data analysis, evidence in the interview 

transcripts that indicated the influences of culture, including educational and civilisation 

types of culture, were highlighted and coded. 

Excerpts from interviews were selected to be included in the findings if they were 

representative of the trends evident in the graphical displays of the students’ responses 

or if they exemplified the influence of educational or civilisation types of culture. All 

children were assigned pseudonyms. Excerpts included in the findings from student 

interviews were coded by school and by year level. Within the codes, ‘C1’, ‘C2’, ‘C3’, 

‘A1’, ‘A2’, and ‘A3’ referred to the three Chinese and three Australian schools and ‘Yr3’ 

and ‘Yr6’ referred to the year level of the student. So ‘Yu XinC1Yr3’ indicated that this 

student’s pseudonym was ‘Yu Xin’, she attended ‘C1’ school in China and was in Year 

3 at the time of the interviews. ‘EmilyA1Yr6’ indicated a child whose pseudonym was 

‘Emily’ who attended A1 school in Australia and was in Year 6 at the time of the 

interviews.  

Findings 

Cat, Bird and Fly 

All children from both countries and year groups who participated in the interview 

ticked the pictures of a cat, a bird and a fly, showing that they considered these animals 

to be living. Figure 7.1 displays the Chinese and Australian children’s responses when 

probed during the in-depth interview for reasons to justify why they thought a cat, a bird 

and a fly are living things. 
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Figure 7.1 The Participating Children's Criteria for Classifying a Cat, a Bird and a Fly 
as Living 

 

Figure 7.1 indicates that the most common response from children from both 

countries and from both Year 3 and Year 6 was that a cat, a bird and a fly are living 

things because they “move”. Other criteria used by the participating children included 

that they need to “drink”, “eat” and/or “sleep”, that they have a “brain”, “blood” and/or 

a “body”. The most striking feature of Figure 7.1 is the similarity in the reasons 

provided by the Chinese and Australian children and, in addition, the similarity in the 

responses from the Year 3 and Year 6 children from both countries. One of the few 

differences is that eight Australian Year 6 children used the criterion that these things 
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“breathe” and no Chinese Year 6 children and only one and three Chinese and 

Australian Year 3 children respectively used this criterion. For example, 

Researcher  What in your mind are living things?
EmilyA1Yr6 Things that breathe and can smell and make noises, 

can move. 
 
 

Researcher  What in your mind are living things?
TeganA3Yr6 Well, they have to be able to breathe.

 

This response may have been a result of the inclusion of the objective in the 

Western Australian curriculum (Table 7.1) that children will understand that “all living 

things have a range of life processes” (Year 5) and that “organisms have a number of 

life processes” (Year 6) whereas the Chinese curriculum (Table 7.1) does not explicitly 

mention life processes such as respiration or breathing. Another difference evident in 

Figure 7.1 is that more Year 6 children (five from each country) mentioned that these 

things “grow” whereas only one Chinese and two Australian Year 3 children mentioned 

this criterion. This may have resulted from children from both countries learning about 

life cycles of living things and that living things grow in Years 4 and 5 (Table 7.1). 

Four Chinese and seven Australian Year 3 children used categorical reasoning; that 

is, they said these things are living because they belong to the categories of “animals”, 

“mammals” or “insects”, but this kind of reasoning was less frequently used by the 

participating Year 6 Chinese and Australian children. This difference is inconsistent 

with the stronger focus on categorical thinking in the Western Australian science 

curriculum, for example, in Year 4 children learn that “groups of living things have 

similar life cycles” (Table 7.1) and in Year 5 that “living things can be classified 

according to observable features” (Table 7.1). In addition, when asked about living 

things during the interview we were interested to note that several children from both 
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countries either referred to human beings or used an analogy with human beings as part 

of their justification or explanation of living things. For example, 

Researcher  What in your mind are living things?
Yi FeiC1Yr3 Things like human beings, they have a brain, can 

think. 
 

Researcher  What other living things do you know?
MichaelA3Yr3 People, because we talk and eat.

 

Another difference we noticed during the interviews was that, compared with the 

Australian participants, Chinese children more often mentioned that a cat, a bird and a 

fly are living because they have body parts. This may be a result of the Year 4 Chinese 

curriculum requiring students to understand the “features of living things” and the focus 

on observing animals such as snails, crickets and ants in Year 3 and insects in Year 6 

(Table 7.1).  

Trees, Flowers and Grass 

All Chinese children in Year 3 and Year 6 and all Australian children, except one Year 

3 and one Year 6, ticked the pictures of a pine tree, a pot of flowers and grass, 

indicating that they think these things are living. One Australian Year 3 student, said he 

didn’t know whether the grass is living or not, and one Australian Year 6 child said she 

didn’t think flowers are living. Both children used teleological reasoning to justify their 

thoughts, that is, they reasoned by thinking about the usefulness of the plants to people 

(Piaget, 1929). For example,  

Researcher  Why do you think flowers are living?
CopperA3Yr3 They are part of nature, and a lot of people like them. 
Researcher Do you think the grass is living?
Copper I don’t know.

 

Researcher  Are flowers living?
DenaiA3Yr6 I don’t think they are.
Researcher Why? 
Denai Because trees give us oxygen, flowers…[ don’t.]
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Figure 7.2 provides information about the Chinese and Australian children’s 

responses when asked during the in-depth interview why they thought the trees, flowers 

and grass are living. 

 

 

 

Figure 7.2 The Participating Children's Criteria for Classifying Trees, Flowers and 
Grass as Living 

 

Figure 7.2 shows that the two most frequent reasons provided by the participating 

children in both countries and in both year groups to justify why they thought these 

plants are living were that they “grow” and they “need sunlight”, “water” and/or “soil”. 
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Figure 7.2 shows considerable similarity between the Chinese and Australian children’s 

responses, in addition, the figure shows considerable similarity between the Year 3 and 

Year 6 children’s responses. One noticeable difference in Figure 7.2 is that Australian 

Year 3 children were more likely than any of the other children to mention that plants 

need sunlight, water and/or soil. This may be a result of Australian children 

participating in a formal science curriculum from kindergarten to Year 2 that is absent 

in Chinese schools. Australian children in the early years are taught such things as 

“living things have basic needs” (Table 7.1).  

Figure 7.2 shows that another small difference between the Year 3 and Year 6 

students was that the younger children were more likely to use teleological reasoning to 

justify life; one Year 3 child from China and one Australian child stated that plants 

“create a beautiful environment for human beings” and that flowers are living because 

they “bring us fragrance”. The Year 6 children were more likely to mention life 

processes such as breathing, photosynthesis and/or metabolism (Figure 7.2). Two 

Chinese children specifically mentioned that plants “photosynthesise”. Seven Australian 

Year 6 children responded that plants “breathe”, four further explained that they 

“breathe in carbon dioxide and give us oxygen”. One child explicitly mentioned they 

have “metabolism”. Finally, six Year 6 children, compared with only one Year 3 child, 

mentioned that plant roots take “nutrients” from the soil. 

Sun, Cloud, Fire and Car 

In both countries, most of the participating Year 3 and Year 6 children drew a cross 

beside the pictures of the Sun, a cloud, a fire, a house, a table and a car to show that they 

thought those objects are not living. Figure 7.3 present the criteria that the Chinese and 

Australian Year 3 and Year 6 children provided in the classification task.  
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Figure 7.3 Year 3 and Year 6 Children’s Criteria for Non-living Things 

 

It is evident that, regardless of differences in culture and age, the participating Year 

3 and Year 6 children used similar criteria to explain why these things are non-living. 

During the interview, the children reasoned that these things don’t “breathe”, “grow”, 

“eat”, or “drink”, they are “neither plant nor animal”, they “don’t have eyes, mouth, 

arms and feet”, they are “in the sky”, or “in space”. They also responded that a table, a 

car, a house and a fire are not living because they are “man-made”, “man-controlled” 
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“not part of nature” and they “don’t move”. The Chinese Year 3 children had more of a 

tendency to say that things in the sky are not living (Figure 7.3). The Australian Year 6 

children more often said that things that don’t have needs are not living (Figure 7.3). 

Compared with the Year 3 children, the Year 6 children tended to say that things that 

are moved by an external force and/or are made of inorganic material are not living. 

 

 

 

Figure 7.4 Number of Children Who Classified the Sun, Cloud, Fire and Car as Living 

 
A small number of children from both countries classified the Sun, a cloud, a fire 

and a car as living things (Figure 7.4). As the figure shows, on the whole, similar 

numbers of Chinese and Australian children incorrectly classified these non-living 

things as living. The Year 3 children in both China and Australia often used movement 

as a criterion. For example, they said the Sun is living because it “moves around the 

Earth” (Peng QianC3Yr3), or “moves in the universe” (Jia XiongC3Yr3) and a cloud is 
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living because it “moves around” (MadelineA1Yr3, AbbyA3Yr3, WilliamA3Yr3) and it “rains” 

(EricA1Yr3, MadelineA1Yr3). Many of these children also used teleological reasoning for 

justifying the classification of these objects as living, for example, the Sun “helps dry 

our clothes and heat the water” (Jia YiC3Yr3), “helps trees to grow” (Ming HuiC2Yr3), or 

“shines on us” (Pang YiC2Yr3, Zi YiC3Yr3) and that clouds “water the plants” 

(NatashaA2Yr3). One child said that a car is living because it “takes us to other places” 

(Jia YiC3Yr3) which may mean she thought it was living because it moves or because it is 

useful to people. 

The Year 3 children explained that they thought a fire is living because it “dies 

when people put it out” (Pang YiC2Yr3), it “helps boil the water” (Jia YiC3Yr3), because it 

“helps the first Australians to cook” (ClaytonA2Yr3), it “needs air” (LukeA2Yr3) and 

“needs sticks to stay on” (NatashaA2Yr3). These children tended to define life in terms of 

activities, which is consistent with the first stage of reasoning described by Piaget (1929) 

when children’s thinking is thought to be more anthropocentric (1929, p. 196).  

The Year 6 children who thought the Sun is a living thing were more likely to say 

they learned things from books and the internet, for example, that the Sun “is actually 

five billion years old” (Jia YiC1Yr6, Zhao QingC2Yr6) and it “will die” (Zheng KeC1Yr6, 

Hong WeiC1Yr6) one day. The two Australian Year 6 children who responded that the 

Sun is living mentioned that it “produces heat” (AlexA1Yr6), and it “rotates by itself and 

burns its own energy” (KathyA1Yr6). A couple of Chinese and Australian Year 6 children 

were not sure about the life status of the Sun and articulated a logical reasoning process 

by citing, with prompting from the interviewer, both reasons for and reasons against this 

classification. For example, 
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Researcher  Is the Sun living?
EmilyA1Yr6 I’m not sure. 
Researcher Why do you think it is living?
Emily It gives us the sunlight, makes us warm. It melts the 

ice and it’s a source of energy. 
Researcher Why do you think it’s not living?
Emily It doesn’t have a heart, like a cat or a bird. It doesn’t 

need the air, like the trees and other plants. 
 

Researcher  Is the Sun living?
Wan LuC1Yr6 It might be a sort of life, but it might not be.
Researcher In what way do you think it can be living?
Wan Lu It can be living because it’s growing and it will die.
Researcher In what way do you think it might not be living?
Wan Lu It doesn’t have thought, doesn’t have body parts or 

blood. 
  

One Chinese child responded that a cloud is living because “a cloud is made of 

water, and water is made of living things” (Zhi YongC2Yr6). Two Australian children 

said that a cloud is living because “it gives us shade” (EmilyA1Yr6) and “let go of the rain” 

(MatthewA3Yr6). Two Chinese and four Australian Year 6 children responded that a fire 

is living because it “produces heat” (AlexA1Yr6), it “will die” (Zhou ChaoC2Yr6), it needs 

“oxygen” (DanielA3Yr6) and “sticks” (Zhao QingC2Yr6) to keep burning. One Chinese 

child mentioned that a car is living because it “needs to see the mechanics like we need 

to see the doctor” (Zhou ChaoC2Yr6). 

Other Evidence of Conceptual Development from Year 3 to Year 6 

Several phenomena indicated that the participating Year 6 children provided more 

sophisticated responses than the Year 3 children. Many of the Year 3 children in both 

countries were able to list multiple criteria in their responses to questions about living 

things. Rather than using the same combination of criteria consistently, however, the 

Year 3 children tended to use different criteria for different types of organisms and often 

only cited a single criterion to make a decision about the life status of the non-living 
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things. For example in the transcript excerpt below, ClaytonA2Yr3 used a ‘having needs’ 

criterion when discussing plants, a ‘movement’ criterion when discussing animals and a 

‘having use to humans’ criterion to help him make a decision about the Sun.  

Researcher  Why do you think trees, flowers and grass are living? 
ClaytonA2Yr3 Because they need soil and water. [having need] 
Researcher Why do you think a cat, a bird and a fly are living? 
Clayton They do move. [movement]
Researcher Why do you think the Sun is living?
Clayton Because it changes life. It helps us, it helps the trees. 

It helps everything. [having use to human] 
 

Three Chinese Year 6 children and three Australian Year 6 children demonstrated 

comparatively consistent criteria use in their classification of living things and non-

living things. For example, 

Researcher  Why do you think a cat, a bird and a fly are living? 
Pang BoC3Yr6 They move and they grow. [movement and growth] 
Researcher Why do you think trees, flowers and grass are living? 
Pang Bo Because they take in nutrient, water and they grow. 

[nutrient, having needs, growth] 
Researcher Why do you think the Sun is not living? 
Pang Bo It doesn’t grow. [growth]
Researcher Why do you think a car is not living?
Pang Bo It doesn’t grow, it doesn’t eat. [growth, having needs] 

 

Researcher  Why do you think a cat, a bird and a fly are living? 
AlistairA1Yr6 They can move around. They have a heart, they are 

organic.[movement, internal structure] 
Researcher A car can move around. Is a car living?
Alistair  No, it’s not organic. [internal structure]
Researcher Is the Sun living?
Alistair No, it’s just a ball of hydrogen. [internal structure] 

 

Although movement, having needs and growth were frequently mentioned by Year 

6 children, these criteria appeared to play a less influential role when the Year 6 

children were making decisions about whether things are living or non-living. 

Compared with the Year 3 children, who rarely provided scientific descriptions and 

definitions of living things, some Year 6 children were able to provide definitions that 



238 
 

were close to scientific definitions and to generalise using those definitions. For 

example, 

Researcher  What in your mind are living things?
Li DaC2Yr6 Things that are made of cells and have a process from 

birth to death. 
 

Researcher  You ticked the grass as living, could you please tell 
me why? 

AndrewA2Yr6 Yes, I think it’s living, because it actually grows and 
reproduces. To be a living thing, it has to grow and 
reproduce itself. Grass grows and reproduces with 
seeds. 

 

Compared with the Chinese Year 3 children, the Chinese Year 6 children 

increasingly used internal structure and reproduction as criteria to determine whether 

the animals are living, and death and the need for nutrients as criteria to determine 

whether the plants are living. Life processes (e.g. photosynthesis) were mentioned by a 

couple of children. By contrast, the Australian Year 6 children more often used a 

combination of respiration and growth as criteria to determine life status. Several Year 6 

children in both countries responded that things are not living if they are human-made 

or human-controlled.  

Other Evidence of Cultural Mediation 

Evidence to support the idea of cultural mediation was detected in the transcripts from 

the Chinese and Australian children’s interviews about living and non-living things. In 

the following sections, mediation from civilisation culture and educational culture and 

its impact on children’s understandings of living and non-living things are presented. 
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Civilisation culture 

Interviews revealed that the Year 3 children’s understandings of living things were 

mediated by civilisation types of culture, including language, everyday experiences and 

the media. It was evident that language played a role in Chinese children’s concept of 

living things. Some Chinese children explained their understanding of living things by 

the literal meaning contained in the Chinese word for ‘living things’, ‘sheng wu’, which 

literally means ‘objects that have life’. The word ‘sheng’ has many associated meanings 

such as ‘giving birth’, ‘growing’, and ‘being lively and vigorous’. The antonym of 

‘sheng’ in Chinese is ‘si’, which means death. Therefore, it was not surprising to find 

that some Chinese children mentioned that living things are things that have life, or a 

life cycle from birth to death. For example,  

Researcher  Why do you think trees, flowers and grass are living? 
Yi FeiC1Yr3 Because they are just like us, they have a life cycle of 

birth, ageing and death. 
 

Researcher  Why do you think a cat, a bird and a fly are living? 
Li DaC2Yr6 Because they all have a life cycle from birth to death. 

 

Everyday experiences also played a role in facilitating children’s understanding that 

plants are living things. Several Chinese and Australian children from the suburban and 

rural schools mentioned that they planted seeds, trees and flowers, or they saw farmers 

planting trees and crops. For example, 

Researcher How do you know that trees are living?
Yang Le C3Yr3  I’ve planted chili trees before and I watered  

them every day. 
 

Researcher How do you know that trees need sunlight, water and 
soil? 

Jiao Hao C2Yr3  Because I always see farmers put trees in the soil and 
then they water them. 

 

Researcher Did you plant anything?
Abby A3Yr3  Yes, in kindergarten. I grew flowers.
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Media, such as books and the internet, also played a role in the participating 

children’s understanding of living things. During the interview, many children recalled 

the information that they came across in science books or on the internet to support their 

explanation. Some of this information did facilitate the children’s understanding, but 

other information hindered their understanding. For example, 

Researcher How do trees make their own food?
AliceA1Yr3 Well, they convert sunlight and water into their food. 
Researcher  How do you know that?
Alice From a science book.

 

Researcher What do you know about living things?
AndrewA2Yr6 I saw on the internet that to be a living thing, it has to 

grow and reproduce itself. 
 

Researcher Why do you think the Sun is living?
Zhao QingC2Yr6 Because the Sun will die. 
Researcher How do you know that?
Zhao Qing I read a book about the universe; it said that the Sun is 

already five billion years old. 
 

Educational culture 

Interviews also revealed that school culture played a positive and important role in 

helping children understand living things and non-living things. Some Year 3 children 

mentioned that they watched science educational TV programs and movies at school, 

while several Year 6 children mentioned that they participated in hands-on activities in 

science lesson or they were taught knowledge about living things in science lessons. For 

example, 

Researcher Is the Sun living?
MichaelA3Yr3 No, because it’s just a big massive star that shines. 
Researcher Is the cloud living?
Michael No, it’s just a big bunch of water.
Researcher How do you know that?
Michael Because we watched a movie at school.
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Researcher Why do you think trees, flowers and grass are living? 
Wen XuanC1Yr6 Because we observed the tree leaves under a microscope in 

a science lesson and found stomas in the leaves, so trees do 
breathe.  

 

Researcher Why do you think trees, flowers and grass are living? 
DainaA2Yr6 Because they breathe. 
Researcher How do you know that they breathe?
Daina Because if it is put somewhere that doesn’t have air, it 

would die. 
Researcher Have you ever tried that?
Daina Yes, I tried that at school. We put some plants in a closed 

container and they died. 
 

In addition, the nature of the science curriculum seemed to have an impact on the 

participating children’s understanding of living things. Many Chinese Year 3 children 

mentioned that trees, flowers and grass are living because they have seedlings or shoot 

buds in spring and have fruit in autumn. The children’s knowledge of seedlings, buds 

and fruit probably reflects the content of observing trees, flowers and leaves and 

knowing about the life cycle of plants as stated in the Chinese curriculum (Table 7.1). 

Australian children more often indicated a belief that things that ‘have needs’ to survive 

are living, as in the Western Australian science curriculum framework the phrase 

“living things have basic needs” is repeated and emphasised (Table 7.1).  

Discussion 

Two main trends were evident in the data with regard to the development of the 

participating children’s conceptions of living and non-living things, conspicuous 

universality across the Chinese and Australian primary science cultures and subtle 

cultural mediation including from both the civilisation types of culture and educational 

types of culture. 
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Universal Conceptual Development about Living Things 

This cross-cultural and cross-sectional multiple case study provided considerable 

evidence to support the idea of universal conceptual development with regard to 

children’s conceptual understandings of living things. For example, in both China and 

Australia, all participating children in both Year 3 and Year 6 most frequently used 

movement to classify animals as living things. This is consistent with a number of 

previous studies (e.g. Piaget, 1929; Laurendeau & Pinard, 1962). The data presented is 

most consistent with Siegler (1986) who found that children used a number of attributes 

to classify things as living or non-living, but motion was the most frequently cited 

criterion on which they made this decision. Similarly, children in this study also used a 

number of other criteria to make the distinction between living and non-living things. 

We found that the Year 3 children more often relied on criteria such as movement, 

needs for things such as food and water, growth and usefulness or association with 

human beings. This finding was consistent with Inagaki and Hatano’s report (2002) that 

children have a naïve theory of biology. The core of the naïve theory is the triangular 

structural relationship between needing food and/or water, the characteristics of being 

active and lively, and growth. Also, this finding supported the previous observations of 

Piaget (1929) that movement and usefulness of things to human beings plays a key role 

in young children’s developing understanding of living things.  

Children in both countries and in both year groups used similar criteria to classify 

plants as living things. In contrast, Stavy and Wax (1989) found that half of the 300 five 

to 16 year-old children they worked with considered plants to be non-living. The 

similarity between Chinese and Australian children supports the notion of universal 

development, but the contrasting findings compared with the Israeli children in Stavy 

and Wax’s study does not support universality. This is an interesting finding and 

contrasts with other studies that found that young children often think that plants are not 
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living (e.g. Venville, 2004). Figure 7.2, however, shows that both Australian and 

Chinese children in Year 3 and Year 6 most frequently used growth, and the need for 

sunlight, water and soil to classify plants as living. In this regard, our findings were 

consistent with Stavy and Wax (1989) who found that almost all the five to 16 year-old 

children they worked with attributed growth to plants and supports the idea of 

universality of conceptual development. The major difference seems to be that the 

children in our study were cognisant of growth being a factor that indicates life, whereas 

the children in the Stavy and Wax study did not necessarily make that connection.  

The Year 3 children in both China and Australia were more likely than the Year 6 

children to classify the non-living things such as the Sun, a cloud and a fire as living 

things, as they over-extended criteria such as movement (e.g. the Sun “moves around 

the Earth”) and needs (e.g. the fire “needs sticks to stay on”) to inanimate objects. Some 

children also classified these things as living based on usefulness or association with 

people (e.g. the car “takes us to other places”). Piaget (1929) considered this type of 

thinking to be of a lower order than using movement as a criterion for life, for example. 

The older children in both countries were more likely to classify things as living or non-

living by referring to learned criteria including respiration, reproduction and 

photosynthesis in addition to autonomous movement, having needs and growth. A few 

Year 3 children were able to do this, but it was more frequently observed with the Year 

6 children in both countries. The Year 6 children also were more likely to classify the 

Sun, a cloud and a fire as non-living things, as they tended to use biological criteria 

such as internal structure and life processes to define life status and they recognised that 

these non-living things do not have the structures and processes of living things (e.g. the 

Sun “doesn’t have body parts or blood”). This finding was consistent with Tamir et al. 

(1981) who found similar patterns among their 400 Israeli participants aged from eight 

to 14. Our findings included evidence that the Year 6 children in both China and 
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Australia were more likely to use criteria consistently across animals, plants and non-

living things which resulted in them being more likely to correctly classify non-living 

things.  

Consistent with Carey’s human analogy studies (1985), in both countries, a few 

Year 3 children and Year 6 children cited an analogy with people as a reason to classify 

things as living (e.g. “things like human beings”, “they have a brain, can think”). These 

children were more likely to be confused about the classification of non-living objects, 

because they used both non-biological and biological criteria to make life judgements. 

Venville (2004) said that the use of human analogies indicated that the children who 

used them were in transition from a non-scientific to a scientific framework theory of 

living things.  

Cultural Mediation of Conceptual Development about Living Things 

In the interviews, participating children from China and Australia mentioned that their 

knowledge of living things came from science lessons, science books, the internet, 

television and daily life experiences. These comments support the idea that their 

conceptual understanding of living things is influenced through their participation in 

both formal and informal educational activities and through the general culture of their 

civilised societies. 

We found evidence of cultural mediation that was most likely due to the active 

participation of the children in science education. For example, some Year 6 children 

mentioned that animals “respire” and are “organic”. With regard to plants, Year 6 

children used terms such as “photosynthesise”, and that plants “breathe in carbon 

dioxide” and “give us oxygen”. Other children said that living things “are made of cells 

and have a process from birth to death” and that they “grow and reproduce” and that 

grass “reproduces with seeds”. All these things are likely to be learned through some 

kind of purposeful science education. The aims and goals of science education around 
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the world have considerable similarity as can be seen from Table 7.1. As the world 

becomes more globalised, particularly with television and the internet, and people 

become more educated, we would expect considerable congruence in the way that 

cultural information about scientific phenomenon such as living things is communicated 

and taught in schools, regardless of the different ethnic cultures of the people. 

We also found some evidence of the influence of the particular type of curriculum 

that the children had participated in. For example, Chinese children were more likely to 

mention the structure of plants due to their observation of plants with magnifiers and 

microscopes at school. Australian Year 3 children were more likely to mention that 

plants have needs such as sunlight, water and soil than their the Year 3 Chinese 

counterparts (Figure 7.2). This finding is likely to be the result of the Australian 

children participating in formal science education from kindergarten through Year 2 

which included learning that “living things have basic needs” and the absence formal 

science education in the early years of the Chinese curriculum. Chinese children were 

more likely to refer to categorical knowledge (e.g. “it’s living because it’s a plant”) 

because they were taught these terms as part of their formal curriculum.  

While the influence of the educational type of culture on children’s conceptual 

understanding of science was evident, there also was evidence of influence from culture 

of the civilisation type. The cross-cultural nature of our case study research enabled us 

to provide evidence that the language of the children had the potential to influence their 

conceptual understanding of science. The Chinese language, in particular the Chinese 

phrase for ‘living things’, that is, ‘sheng wu’ influenced some children so that they 

understood that living things give birth, grow, have a life cycle, are lively and vigorous 

and eventually die. From a scientific perspective, this influence of the Chinese language 

is positive because it is consistent with biological understandings of living things. This 

finding contrasts with the negative influence on children’s understanding of living 
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things of the Malay language described by Salleh et al. (2007). Further, we noted some 

examples of children’s experience of seeing farmers plant their crops and growing 

flowers in a garden supported their conceptual development. We were surprised not to 

find more examples of this type of cultural mediation of children’s conceptual 

understanding of living things and we wondered whether this is a result of young 

children today growing up with much less exposure to the realities of animals and plants 

in their everyday environments. 

Some evidence also was provided to show that civilisation types of cultural may 

mediate children’s conceptual understandings in non-scientific ways. For example, we 

provided evidence that one child learnt from a book that the Sun is five billion years old 

and will die one day and, therefore, surmised that the Sun is a living thing. The evidence 

we found of the influence of the civilisation types of culture on children’s understanding 

of living things was subtle in comparison with the influence of educational types of 

culture. 

Implications 

There are several implications for the teaching of living things in both countries that 

results from this study. For example, in China, we noticed that children sometimes used 

categorical criterion to justify things as either being living or non-living (e.g. “the grass 

is living because it is a plant”). We suggest that prior to classroom instruction about the 

big, categorical ideas of plants and animals, teachers use a form of diagnostic 

assessment to reveal their students’ intuitive conceptions of living things and to identify 

any non-biological criteria they use. Instead of attempting to directly transfer the 

knowledge that plants and animals are living things to the young children, teachers 

should guide their students to explore the characteristics that all living things have in 

common to enable them to construct knowledge about why plants and animals are 

considered to be living things. 
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For the teaching and learning of living things in Australia, we found that due to the 

repetition and emphasis that living things have basic needs in the curriculum, students 

sometimes over attributed life to inanimate objects. Therefore, we suggest that while 

teachers reinforce that living things do have basic needs, they also need to clarify and 

give examples of things, such as a fire, that have needs but are not necessarily living 

things. 

In addition, our interviews with children showed that their conceptual 

understanding of living things was facilitated by participating in activities such as 

making observations of trees, flowers, and the growth of seeds. Thus, teachers in both 

countries should be encouraged make use of their surroundings and create opportunities 

for children to explore living things around them. They should encourage their students 

to engage in inquiry activities, to ask questions and design safe, ethical experiments and 

systematic observations that will help them to understand the distinction between living 

and non-living. 

Limitations 

There are several limitations to this research. We conducted the research with only a 

small sample of children in three schools in China and three schools in Australia. While 

we were careful to select schools from city, suburban and semi-rural regions, these 

schools were not representative of the whole spectrum of schools within either China or 

Australia. While we also were careful to select a broad range of students to participate 

in the interviews by administering a test so that we could select high, medium and low 

achieving students, it is possible that there is a range of different students in both 

countries with different ideas about living and non-living things that we did not capture 

through our approach.  

Our interview methodology was based on Venville (2004) but we acknowledge that 

the classification activities and interview questions may not have elicited all the 
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different types of ideas that the children had about living and non-living things. The 

interview also did not correspond directly with the biological aspects of science 

curriculum in either country (Table 7.1), but focused on the children’s understanding of 

living and non-living things in order to answer the research questions. Further, the 

technique of interviewing children in pairs, so that they were less likely to feel 

intimidated by the adult interviewer, may have masked some children’s true 

understandings. This masking may have happened if a child was not confident enough 

to voice his or her true understandings and beliefs if these were different from the other 

child with whom they were being interviewed. The interviewer was aware of this 

problem and encouraged all children to say what they thought. In addition, the pencil 

and paper activity where children ticked things they thought were living gave us greater 

scope to ascertain each child’s independent ideas and to follow up on those ideas during 

the oral questioning. 

Conclusions  

Our findings showed that children from the same age group constructed similar 

conceptual understanding of living things, and that this was similar across the two 

cultures of China and Australia. The global similarities in curricula, approaches to 

formal and informal science education, the everyday experiences and cultural milieu of 

young children contributed to the strong universal aspects of conceptual development 

observed in this study. There was some evidence of the influence of idiosyncratic 

aspects of educational culture on the participating children’s conceptual understandings. 

The study also revealed that civilisation aspects of culture, including language and the 

media, impacted in a subtle way on children’s conceptualisations of living things.  
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In this concluding chapter, findings from each of the studies are synthesised in 

terms of assertions. Implications for approaches to primary science curriculum, based 

on the assertions, are elaborated for the class level, school level and system level. 

Consideration of future research in primary science education is provided in the 

concluding remarks. 

Synthesis of the Findings 

The following section presents the assertions drawn from the research findings from the 

five related studies reported in Chapter Three to Seven. 

Research Question 1, which focussed on Chinese and Australian Year 3 children’s 

conceptual understandings of science, is largely addressed in Chapter Three, but also in 

Chapters Six and Seven. The findings indicated that, at the Year 3 level, the 

participating Chinese and Australian children’s conceptual understandings of science 

were comparable. This finding was unexpected because the Chinese children do not 

participate in a formal science curriculum in school until Year 3 and the Australian 

children participate in a formal science curriculum, usually from kindergarten. The 

findings also indicated that the children in both countries in the higher socioeconomic 

schools, on average, had better conceptual understandings of science compared with the 

students in schools of lower socioeconomic status. This finding was not unexpected as 

previous research has indicated socioeconomic status is a strong factor in school 

achievement (Qian & Smyth, 2005; Thomson, et al., 2008). 

 

 

 

 

Assertion 1: Year 3 children from schools of similar 

socioeconomic status in the two countries had similar conceptual 

understandings of science. The higher the socioeconomic status of 

the school, the better, on average, the children’s conceptual 

understandings of science. 
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These findings raised interesting anomalies. For example, even though the 

Australian children, on-the-whole, had participated in two or three years of formal 

science instruction and the Chinese children had none, the Australian children did not 

have any discernable advantage in their conceptual understanding of science. This 

finding raised questions, about why this would be so. Is the science instruction 

experienced by the Australian school children inadequate in some way? Is there any 

advantage in the early childhood science curriculum for the Australian children as they 

continue through primary school? Most importantly, these findings suggested that 

China’s current reform movement to introduce science instruction in the early years of 

schooling may not be necessary. They also suggested that the time and financial 

investment in an early childhood science curriculum for Australian students may well 

be futile. These are potentially very serious issues with important implications that 

required further investigation.  

The investigation of Chinese and Australian Year 6 children’s conceptual 

understandings of science, to answer Research Question 2, and largely presented in 

Chapter Four, but also in Chapters Six and Seven, revealed interesting patterns. The 

first pattern revealed in the findings was that the participating Year 6 children from the 

high socioeconomic schools in China and Australia, despite experiencing considerable 

differences in curriculum, school culture and civilisation culture, demonstrated similar 

conceptual understandings of science. 

 

 

 

 

 

 

 

Assertion 2: Participating Chinese and Australian Year 6 children 

from schools of high socioeconomic status had comparable 

understandings of science. 
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A second pattern revealed in the findings was that the participating Chinese 

children from the medium and low socioeconomic case study schools fell behind in 

their conceptual understandings of science compared with the Australian children from 

the paired case study schools. 

 

 

 

 

 

This finding also raised a number of ideas about which to speculate. For example, 

why were the Chinese children in the medium and low socioeconomic status schools at 

more of a disadvantage compared with the Australian Year 6 children from similar 

schools? One possible reason is that the early science education for the Australian 

children in the medium and low socioeconomic schools provided the students with 

grounding in domain specific scientific knowledge. This grounding was not initially 

evident in the Year 3 children (Tao, et al., 2012), but became more evident towards the 

end of primary school. Previous research supports the idea that early exposure to 

scientific phenomena and content knowledge in a specific domain leads to better 

understanding of the scientific concepts studied later in a formal way, and early 

childhood instruction can make a difference for children in their later years (Bliss, 1995; 

Eshach, 2006; Metz, 1995, 1997). It is possible that the lack of early childhood science 

curriculum in China resulted in comparatively impoverished domain-specific 

knowledge of the Chinese Year 6 children in the medium and low socioeconomic 

schools. The Chinese Year 6 children in the high socioeconomic school, however, were 

not disadvantaged in their conceptual understanding of science as a result of not having 

a formal early childhood science education. One possible explanation is that sufficient 

access to science books and resources inside and outside of school help to compensate 

Assertion 3: Participating Australian Year 6 children from 

medium and low socioeconomic schools, in general, had better 

conceptual understandings of science compared with their 

Chinese counterparts. 
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their lack of formal science education at an early age. A second possible reason for the 

differences in the Year 6 children’s conceptual understandings of science in the medium 

and low socioeconomic schools was that the quality of the classroom teaching and 

learning activities provided to students could have resulted in differences in the quality 

and richness of their learning experiences and, subsequently, their conceptual 

understanding of science. 

A focus on the teaching and learning of science in Year 6 Chinese and Australian 

primary classrooms, answering Research Question 3, provided more information about 

the issues raised above. The findings reported in Chapter 5, showed that Year 6 children 

from the schools with high and medium socioeconomic status were more often engaged 

in scientific investigations and hands-on activities and children in the low 

socioeconomic schools more often participated in other learning activities such as 

reading science books and memorising science facts. The impact of learning 

experiences on the students’ conceptual understandings of science was clear as data 

from interviews with students, presented in Chapter Six and Chapter Seven, revealed 

understandings they had developed through classroom science activities such as using 

microscopes, experiments with plants and floating and sinking activities. 

  

 

 

 

Another important factor revealed in the findings presented in Chapter Five was 

that in the lower socioeconomic schools, the teachers tended to be less specialised in 

science, and they had fewer science resources available to them. It is probable that these 

factors prevented the science teachers in the lower socioeconomic schools from creating 

a curriculum-in-action that truly reflected the ideal curriculum represented in the 

Assertion 4: Participating Chinese and Australian Year 6 children 

from higher socioeconomic schools were engaged in better quality 

science learning activities including inquiry and hands-on 

activities. 
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educational philosophies that underpin the curricula in both countries. There was some 

evidence to suggest that the differences were more apparent in the Chinese case study 

schools.  

 

 

 

In-depth, qualitative investigations of the participating Chinese and Australian 

children’s conceptual understandings of the Earth and living and non-living things, 

answering Research Questions 4 and 5, were reported in Chapters Six and Seven. The 

findings supported Assertion 1 and Assertion 2, above, that there is strong universality 

in the way that children in different countries understand scientific concepts and the 

way that their conceptual understanding develops. 

 

 

 

 

 

This universality in conceptual development may have been due to the similarities 

in the ways that children in both countries experience the nature of the Earth and living 

things and non-living things around them. It also may be due to the increasing 

globalisation of cultural factors such as books, science museums, television and other 

mass media available to the participating children. Further, the universality in their 

conceptual development may also have been due to similarities in the curriculum and 

teaching and learning activities the students participated in at school. The findings also 

revealed that differences in the educational types of culture and also in civilisation types 

Assertion 5: In the lower socioeconomic schools, the teachers were 

less specialised in science, and fewer science resources, such as 

science laboratory equipment, were available. 

Assertion 6: Participating Chinese and Australian children’s 

cognitive development with regard to the science concepts of the 

Earth and living and non-living things demonstrated strong 

universality. 
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of culture in the two countries only had a subtle impact on students’ conceptual 

understanding of the Earth and living and non-living things.  

 

 

 

 

Figure 8.2 collates the above assertions and distils them into three levels of factors 

that impact on children’s conceptual understanding of science. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

 
 

Figure 8.2 Three-level Curriculum Factors that Impact Student Science Learning 
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Assertion 7: Mediation from civilisation culture and educational 

culture had a subtle impact on children’s conceptual 

understandings of the Earth and living and non-living things. 
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“Student learning is ultimately the product of what goes on in the classroom” 

(OECD, 2010, p. 4). As shown in the innermost layer of the diagram (Figure 8.2), 

student science learning is an immediate product of the experiential curriculum, that is, 

“the actual learning experiences of the students” (van den Akker, 1998, p. 422). As 

presented in the middle layer of the diagram (Figure 8.2), students’ learning experiences 

are the product of the curriculum-in-action, that is, “the actual instructional processes in 

the classroom” (van den Akker, 1998, p. 422).  

The findings of this study show that school, teacher and classroom factors played a 

joint role in determining the quality of science instruction and the quality of the 

outcomes of that science instruction. The classroom observations and interviews with 

teachers indicated that the school’s socioeconomic status had an impact on the teacher’s 

ability to implement the science curriculum. In both countries, teachers from the high 

and medium socioeconomic schools were more likely to use innovative teaching 

strategies, as they were either science specialists or had a science background and they 

had adequate teaching resources for science investigation activities. Teachers from the 

low socioeconomic schools were more likely to adopt whole-class lecturing or a chalk-

and-talk approach, as they were from non-science backgrounds and they had limited 

teaching facilities for engaging a large class of children in group work or hands-on 

activities. Therefore, the school’s socioeconomic status, the teacher’s background, the 

teaching resources available to the teacher, and the class size impacted on the teacher’s 

ability to create an effective curriculum-in-action and, subsequently, students’ 

opportunities for participating in rich and stimulating learning experiences. 

Moreover, it was evident in the findings that “what happens in school is influenced 

by the resources, policies and practices approved at higher administrative levels in a 

country’s education system” (OECD, 2010, p. 13). As presented in the outmost layer of 

the diagram (Figure 8.2), the curriculum-in-action is a product of the ideal curriculum, 
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that is, “the original vision underlying a curriculum (basic philosophy, rationale or 

mission)” (van den Akker, 1998, p. 421). In Chapter One, the philosophies 

underpinning science education, the policies of science education and the structure of 

the primary science curricula in China and Australia were compared. Due to the 

educational and curricular origins in Confucianism, the Chinese people attach great 

value to the study of books, the teacher’s role in imparting knowledge and resolving 

doubts, collective learning and whole-group progress (Leng, 2005; OECD, 2011). 

Cultivating scientific literacy in all students for the rapid development of science and 

technology is currently the central policy of science education in China (Division of 

Primary Education Ministry of Education [China], 2002). Evolving from the western 

philosophy and British education system, education in Australia advocates cooperative 

learning, practical engagement and individual attainment (Ministerial Council on 

Education Employment Training and Youth Affairs, 2008; Wyn, 2009). The aim of 

science education, in this country, therefore, is to develop students’ scientific 

knowledge, understandings and skills and to encourage them to participate in science-

related careers (Australian Curriculum Assessment and Reporting Authority, 2011). 

Although, in both countries, great importance is said to be given to science 

education, substantial disparities have been found between the science achievement of 

children in urban and rural areas, and between metropolitan, provincial and remote areas 

(Qian & Smyth, 2005; Thomson, et al., 2008; Tsang & Ding, 2005). At the primary 

school level, science has a lower status compared with the other learning subjects such 

as literacy and numeracy in Australia (Goodrum, et al., 2001), and Chinese language, 

mathematics and English in China (Y. F. Li, 2007; Tian & Guo, 2009). Our school 

observations and interviews with teachers revealed that in the low socioeconomic 

schools, science has to ‘give way’ to literacy and numeracy. Further, the teachers of 

science come from non-science backgrounds and have little access to professional 
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training and inadequate resources are allocated to science teaching. All these factors, as 

presented in the diagram (Figure 8.2), jointly impact on student science learning.  

Ultimately, it needs to be remembered that findings arising from the research 

presented in this thesis are limited to the cases in this study. We caution against 

generalising from specific and small case studies. However, further research with a 

larger number of schools, teachers and students could determine whether the trends and 

patterns observed in this study are both reflective and typical. 

Implications of the Research 

The implications that follow are directly related to the assertions drawn from the five 

chapters that address each of the research questions and the diagram of the three levels 

of curriculum factors that impact on student science learning (Figure 8.2). The 

implications are divided into three sections: 1. implications for improving science 

curriculum, 2. implications for improving science teaching, and, 3. implications for 

further research. 

Implications for Curriculum 

The implications of this research for the pending curriculum reform in China are 

important. This research suggested the possibility that the lack of early childhood 

science education placed the participating children from case study schools with 

medium and low socioeconomic status at a disadvantage in their science learning when 

they progressed towards the end of primary school. This may have been due to 

impoverished science conceptual knowledge. An important implication for the Chinese 

curriculum, therefore, is that Year 1 and Year 2 children should participate in a formal 

science curriculum in school. This research also gave support to the Australian 

Curriculum being implemented in 2012, which introduces science concepts, nature of 

science and inquiry skills at the kindergarten level  (Australian Curriculum Assessment 
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and Reporting Authority, 2011).  It is evident from the findings of this study, that young 

children are capable of learning abstract concepts if they are presented in appropriate 

ways and that this grounding in science education may contribute to improvement in 

equity, especially for children in rural and low socioeconomic schools.  

The comparative case study on science teaching in Chinese and Australian primary 

classrooms indicated that in the low socioeconomic schools, science was taught by the 

literacy or numeracy teachers rather by the science specialists. Therefore, the teachers’ 

levels of confidence and expertise in relation to science content knowledge and science 

pedagogical content knowledge may not be so secure as their peers in the high 

socioeconomic schools. Children from the low socioeconomic schools reported they 

were frequently engaged in reading science books and memorising science facts in the 

science lessons. Meanwhile, inadequate teaching resources and facilities plus a large 

class size reduced the children’s opportunities for participating scientific inquiry 

activities in the science lessons, as well as teachers’ opportunities to monitor their 

students more closely. Professional development programmes on science teaching 

should be provided to teachers in low socioeconomic schools to enhance their content 

knowledge and their pedagogical content knowledge. Further, additional funding should 

be allocated to low socioeconomic schools to ensure that both teachers and children 

have sufficient access to the science teaching resources and facilities, such as adequate 

science laboratory equipment and storage space, so that the scientific investigation 

activities stated in the science curriculum can be implemented with similar frequency 

across all schools within each country. 

Exploration of the participating Chinese and Australian Year 3 and Year 6 

children’s conceptions of the Earth and living things, and the pathway of conceptual 

development provide implications for primary earth science and life science education 

in both countries. The curriculum content in earth science and life science should be 
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more closely aligned with the way that children’s conceptions develop. The curriculum 

content should provide opportunities for gradual adjustment in children’s conceptions 

from their naïve, non-scientific understandings so that successively more sophisticated 

levels of understanding can be developed. 

Implications for Teaching 

The cross-cultural and cross-sectional studies of Chinese and Australian children’s 

conceptual understandings of the Earth and living things suggest that classroom 

instruction and teaching can facilitate children’s conceptual development, but that this 

currently only happens in a subtle way. The impact of classroom instruction on 

children’s understanding of science can be enhanced, for example, teachers can use 

questions and classroom discussion to reveal children’s misconceptions. After revealing 

the misconceptions, lectures and demonstrations, practical activities and investigations 

all can be used to create cognitive conflict as preparation for conceptual change (Duit & 

Treagust, 2003). Moreover, teachers can help children make sense of science content by 

various means of representation, such as concept mapping, picture drawing and making 

models (Tytler, et al., 2007). Teachers can also track the pathway of conceptual change 

in children by careful use of diagnostic and formative assessment (Hackling, 2007). 

These factors should be the focus of professional learning for primary science teachers.  

The quality of the scientific investigations carried out in primary school classrooms 

in both countries could be improved. Participating children mostly reported higher 

frequencies of making observations and watching the teacher conduct a science 

experiment than conducting experiments themselves. The data also showed that few 

children were given the opportunity to design and conduct investigations in small 

groups. Simply being exposed to scientific facts and information, or exploring and 

playing with scientific equipment, is not enough to bring about appropriate conceptual 

understandings of science. According to the principles of cognitive acceleration, four 
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elements are essential to promote students’ understanding: concrete preparation, 

cognitive conflict, social construction and metacognition (Oliver, Venville, & Adey, 

2010). To be more specific, concrete preparation requires the teacher to introduce a 

learning topic or an activity to stimulate students’ interest and thinking; cognitive 

conflict requires that the activities should be challenging and the level of challenge 

should be appropriate for all levels within the class; social construction requires the 

teacher to facilitate the shared construction of ideas between personal, paired, group and 

the whole class; and metacognition requires the teacher to give students opportunities to 

explain and reflect on their own thinking. 

Implications for Further Research 

The current research should be considered a preliminary cross-cultural and cross-

sectional exploration of children’s conceptual understandings of science, and further, 

similar research is required to provide a comprehensive analysis of the effectiveness of 

findings revealed in the current research. The research demonstrates the usefulness of 

the TIMSS science items, contextual items and interview protocols to elicit quality data. 

Research extending the application of the science survey items and interview questions 

to explore primary or secondary children’s conceptual understandings of science and 

factors that may have impact on their understanding in other countries would be a 

logical development. 

In light of the findings of the current research, it may be helpful for future research 

to examine closer the enacted curriculum and experiential curriculum in Chinese and 

Australian primary science classrooms. This may include further research to report and 

analyse classroom discourse, interactions between teachers and students, and 

instructional strategies to reveal cross-cultural differences in science classrooms and 

identify effective instructional practice facilitating children’s conceptual understanding. 
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The comparative case study between the participating Year 3 children (Tao, et al., 

2012) and between the Year 6 children (Tao, et al., in press-b) indicated that the 

Australian children displayed relative strengths in reasoning with concepts about 

floating and sinking. The findings revealed that a large proportion of concepts in the 

‘World of Materials’ in the Chinese primary science curriculum (see Chapter One) 

didn’t seem to put the participating Chinese children at advantage in understanding 

floating and sinking. This finding is consistent with Bao et al.’s (2009) cross-cultural 

comparison of US and Chinese first grade university students’ content knowledge in 

physics and their scientific reasoning ability. Bao and his colleagues (2009) found that 

years of rich exposure to physics knowledge in secondary science education had little 

impact on Chinese students’ general ability in scientific reasoning. Currently, a number 

of secondary schools in Western Australia are participating in Thinking Science 

Australia, a two-year program of professional development for teachers aiming to 

accelerate students’ reasoning ability so that they are better able to cope with the 

demands of the science curriculum (Oliver, Venville, & Adey, in press). China has not 

yet introduced this program to schools. Therefore, future studies could possibly include 

well controlled experiments designed specially to determine the interactions between 

cognitive acceleration and students’ conceptual understandings of science. Scaling up 

the research will allow a number of interesting questions to be addressed: How much 

does the individual case study teacher determine the quality of teaching and learning 

experience in their classrooms? Can we discern the different impacts of the teacher and 

resources on the student learning experience? Does the impact of one highly skilled 

teacher have a long lasting effect on student learning? How might the quality of 

teaching be usefully compared between and within schools? A longitudinal study with a 

larger number of teachers, students and schools might shed light on the complex set of 

factors. 



263 
 

Concluding Remarks 

As the first attempt to investigate Chinese and Australian primary children’s conceptual 

understandings of science and the impact the approach to curriculum has on their 

understandings, limitations of the research need to be addressed. First, a small sample of 

children in three case studies in China and Australia is not representative of all children 

in either of these countries and it is inappropriate to generalise the findings to the whole 

population. Second, although considerable care was taken with the selection of the case 

studies to make sure that paired schools were similar and comparable in the 

demography, size and socioeconomic status, these schools were not representative of 

the whole spectrum of schools within either China or Australia. Third, while interviews 

with teachers and principals and classroom observations were conducted and documents 

collected, there was no way to ascertain the quality and quantity of the science 

curriculum in the schools in the years prior to data collection. 

However, due to the relatively few comparative empirical studies conducted with 

regard to primary children’s conceptual understandings of science (Appleton, 2007), the 

research presented in this doctoral thesis makes a considerable contribution to the 

knowledge base in primary science education. The research documented the 

participating Chinese and Australian Year 3 and Year 6 children’s conceptual 

understanding of life science, earth science and physical science, both quantitatively and 

qualitatively. Cross-cultural and cross-sectional comparisons of children’s 

understandings of science were made and similar patterns and important divergences 

were revealed. Teachers were interviewed, curriculum documents examined and science 

lessons observed. Important factors such as science learning activities, life experiences 

and language that were revealed to have an impact on the children’s understandings of 

science were identified. The results of the research provide references for further 

quantitative and qualitative studies and preliminary evidence on the impact that 
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different approaches to primary science curriculum may have on children’s conceptual 

understandings of science. 

In addition, the findings of this research provide timely support for the reform of 

the current national science curriculum in China, which proposes to include Year 1 and 

Year 2 children in the primary science curriculum and encourages a transition from the 

teacher-centred classroom to the student-centred and from chalk-and-talk practice to 

more inquiry and hands-on activities. Above all, the findings of the research provide an 

opportunity for case study schools in China and Western Australia to reflect upon their 

current practice in science teaching and to learn from each other in order to create a 

curriculum-in-action that better reflects the ideal curriculum. For the doctoral thesis 

itself, the research so far has been completed, but for researchers and science educators 

worldwide who are devoted to seeking better approaches to science education and 

facilitate student scientific understanding, the research is a beginning of science 

education collaborations between China and Australia, as well as other countries, at the 

teacher level, school level and academic level. 
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Appendix A: Information Letters and Consent Forms 

 
 
Dear Sir/Madam 
 

A Multiple Comparative Case Study of Chinese and Australian  
Primary Children’s Conceptual Understandings of Science 

 
I would like to invite your school to take part in a research project that aims to develop a better 
understanding of how the delivery of the science curriculum in China and Australia affects 
children’s conceptual understandings of science. The project is being conducted with Professor 
Grady Venville and Dr. Mary Oliver as part of my Doctor of Philosophy at the Graduate School 
of Education, UWA. Your school is one of the three primary schools in Western Australia 
approached for their participation. The research will enable participating teachers to receive 
feedback on their students’ performance on the science assessments.  
 
What does participation in the research project involve? 

 The Year 3 students will be invited to participate in a short survey of science concepts, 
which will take approximately half an hour of class time. 

 Five to seven Year 3 students will be invited to participate in a 15-minute interview 
about scientific concepts, namely the Earth, living things and floating and sinking. 
Interviews will be audio recorded. 

 The Year 3 teachers will be invited to participate in an interview and also asked to allow 
me to observe some (up to three) science lessons. The interviews and class observation 
will be conducted at a place and time of the participants’ convenience. 

 
I will keep the school’s involvement in the administration of the research procedures to a 
minimum. However, please inform teacher of the project in advance. It will be necessary to send 
home information letters and consent forms for students and their parents. 
 
To what extent is participation voluntary, and what are the implications of withdrawing 
that participation? 
Participation in this research project is entirely voluntary. If any school, teacher or student 
decides to participate and then later changes their mind, they are able to withdraw their 
participation at any time. 
 
The data collection process is not expected to cause any problems, however, if there is any 
indication that a participating teacher or student is stressed in any way, the researcher will 
immediately cease the process and any data collected will be destroyed.  
 
There will be no consequences relating to any decision by an individual or the school regarding 
participation, other than those already described in this letter. Decisions made will not affect the 
relationship with the research team or the Graduate School of Education of UWA. 
 

What will happen to the information collected, and is privacy and confidentiality assured? 
Information that identifies anyone will be removed from the data collected. The data is then 
stored securely by the researcher in a locked filing cabinet in a locked room at the Graduate 
School of Education at UWA and can only be accessed by the researcher and her supervisors. 
The data will be stored for a minimum period of 5 years after which it will be destroyed by 
disposal in a confidential waste bin. Audio recorded files will be permanently deleted.  
 
The identity of participants and the school will not be disclosed at any time, except in 
circumstances that require reporting under the Department of Education and Training Child 
Protection policy, or where the research team is legally required to disclose that information. 
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Participant privacy, and the confidentiality of information disclosed by participants, is assured 
at all other times.  
 
The data will be used only for this project, and will not be used in any extended or future 
research without first obtaining explicit written consent from participants.   
 
Consistent with Department of Education and Training policy, a summary of the research 
findings will be made available to your school principal and the Department. You can expect 
this to be available by March 2010. 
 
Is this research approved? 
The research has been approved by the Human Research Ethics Committee of the University of 
Western Australia (approval number RA/4/3/1565) and has met the policy requirements of the 
Department of Education and Training as indicated in the attached letter.  
 
Do all members of the research team who will be having contact with children have their 
Working with Children Check? 
Yes. Under the Working with Children (Criminal Record Checking) Act 2004, people 
undertaking work in Western Australia that involves contact with children must undergo a 
Working with Children Check. The documents attached to this letter include a list of the 
research team who will be having contact with children through your school, along with current 
evidence of their checks. 
 
Who do I contact if I wish to discuss the project further? 
If you would like to discuss any aspect of this study with a member of the research team, please 
contact me on the number provided below, or my supervisor, Professor Grady Venville ((08) 
6488 3811, grady.venville@uwa.edu.au). If you wish to speak with an independent person 
about the conduct of the project, please contact Ms. Kate Kirk, the Executive Officer of Human 
Research Ethics Committee of the University of Western Australia, at kkirk@admin.uwa.edu.au 
or call (08) 6488 3703. 
 
How do I indicate my willingness for the school to be involved? 
If you have had all questions about the project answered to your satisfaction, and are willing for 
the school to participate, please complete the Consent Form on the following page. 
 
This information letter is for you to keep. 
 

 
 
Ms. Ying (Amy) TAO  
PhD Candidate 
Graduate School of  
Education (M428) 
35 Stirling Highway 
6009 
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Consent Form for School Principal 

 

 

 I have read this document and understand the aims, procedures, and risks of this project, 
as described within it. 
 

 For any questions I may have had, I have taken up the invitation to ask those questions, 
and I am satisfied with the answers I received. 
 

 I am willing for my school to become involved in the research project, as described. 
 

 I understand that participation in the project is entirely voluntarily.  
    

 I understand that my school is free to withdraw its participation at any time, without 
affecting the relationship with the research team or Graduate School of Education of 
UWA. 

 

 I understand that this research may be published in Ms Tao’s thesis and in a scholarly 
journal, provided that the participants or the school are not identified in any way. 
 

 I understand that my school will be provided with a copy of the findings from this 
research upon its completion. 
 

 

Name of Site Manager (printed):   

Signature:  Date:      /      / 
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Dear Teacher 

 

A Multiple Comparative Case Study of Chinese and Australian Primary Children’s 
Conceptual Understandings of Science 

 
 
My name is Ying (Amy) TAO and I am writing to you on behalf of Graduate School of 
Education, the University of Western Australia. I am conducting a research project that aims to 
develop a better understanding of how the delivery of the science curriculum in China and 
Australia affects children’s conceptual understandings of science. I would like to invite you to 
take part in the project because science education has been effectively implemented in your 
school. 
 
What does participating in the research involve? 
Participation in the research will involve your allowing me to observe one science lesson. The 
class observation will be conducted at a place and time of your convenience.  
 
Is this research approved? 
The research has been approved by the Human Research Ethics Committee of the University of 
Western Australia (approval number RA/4/3/1565) and has met the policy requirements of the 
Catholic Education Office, WA.  For further information please see the back of this letter. 
 
Who do I contact if I wish to discuss the project further? 
If you would like to discuss any aspect of this study please contact me on the number provided 
below, or my supervisor, Professor Grady Venville ((08) 6488 3811, 
grady.venville@uwa.edu.au). If you wish to speak with an independent person about how the 
project is conducted please contact Ms. Kate Kirk, the Executive Officer of Human Research 
Ethics Committee of the University of Western Australia, at kkirk@admin.uwa.edu.au or call 
(08) 6488 3703. 
 
How do I become involved? 
If you have had all questions about the project answered to your satisfaction, and are willing to 
become involved, please complete the Consent Form on the next page. 
 
This information letter is for you to keep. 
 

 

Ms. Ying (Amy) TAO  
PhD Candidate 
Graduate School of  
Education (M428) 
35 Stirling Highway 
6009 
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Further Information 
 
To what extent is participation voluntary, and what are the implications of withdrawing 
that participation? 

 Participation in this research project is entirely voluntary. If any school, teacher or 
student decides to participate and then later changes their mind, they are able to 
withdraw their participation at any time. 

 
 The data collection process is not expected to cause any problems, however, if there is 

any indication that a participating teacher or student is stressed in any way, the 
researcher will immediately cease the process and any data collected will be destroyed.  

 
 There will be no consequences relating to any decision by an individual or the school 

regarding participation, other than those already described in this letter. Decisions made 
will not affect the relationship with the research team or the Graduate School of 
Education of UWA. 

 
What will happen to the information collected, and is privacy and confidentiality assured? 

 Information that identifies anyone will be removed from the data collected. The data is 
then stored securely by the researcher in a locked filing cabinet in a locked room at the 
Graduate School of Education at UWA and can only be accessed by the researcher and 
her supervisors. The data will be stored for a minimum period of 5 years after which it 
will be destroyed by disposal in a confidential waste bin. Audio recorded files will be 
permanently deleted.  

 
 The identity of participants and the school will not be disclosed at any time, except in 

circumstances that require reporting under the Catholic Education Office Child 
Protection policy, or where the research team is legally required to disclose that 
information. Participant privacy, and the confidentiality of information disclosed by 
participants, is assured at all other times.  

 
 The data will be used only for this project, and will not be used in any extended or 

future research without first obtaining explicit written consent from participants.   
 

 Consistent with Catholic Education Office policy, a summary of the research findings 
will be made available to the Principal and the Office. You can expect this to be 
available by February 2011. 

 
Is this research approved? 

 The research has been approved by the Human Research Ethics Committee of the 
University of Western Australia (approval number RA/4/3/1565) and has met the policy 
requirements of the Department of Education and Training as indicated in the attached 
letter.  

 
Do all members of the research team who will be having contact with children have their 
Working with Children Check? 

 Yes. Under the Working with Children (Criminal Record Checking) Act 2004, people 
undertaking work in Western Australia that involves contact with children must 
undergo a Working with Children Check. The documents attached to this letter include 
a list of the research team who will be having contact with children through your school, 
along with current evidence of their checks. 
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Consent Form for Teachers 

 

 

 I have read and understood the information letter about the project, or have had it 
explained to me in language I understand.  

 

 I have taken up the invitation to ask any questions I may have had, and am satisfied 
with the answers I received. 

 

 I understand that participation in the project is entirely voluntarily.  
 

 I am willing to become involved in the project, as described. 
 

 I understand I am free to withdraw from research at any time without affecting my 
relationship with my school Principal or the research team. 

 

 I understand that if there is any indication that I am stressed in any way, the researcher 
will immediately cease data collection and any data will be destroyed. At an appropriate 
time, I will be reminded that I can fully withdraw from the research at any time. 

 

 I understand that I can request a summary of findings once the research has been 
completed. 

 

 

 

 

Name of Participant (printed): 

  

 

Signature of Participant: 
 Date:       /      / 
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Dear Parent/Carer 

 

A Multiple Comparative Case Study of Chinese and Australian Primary Children’s 

Conceptual Understandings of Science 

 

My name is Ying (Amy) TAO and I am writing to you on behalf of Graduate School of 
Education, the University of Western Australia. I am conducting a research project that aims to 
develop a better understanding of how the delivery of the science curriculum in China and 
Australia affects children’s conceptual understandings of science. The research will enable 
participating teachers to receive feedback on their students’ performance on the science 
assessments. This information may be used as diagnostic or formative assessment to identify 
strengths and weaknesses in their students and to strengthen their teaching approach. The 
project is being conducted with Professor Grady Venville and Dr. Mary Oliver as part of my 
Doctor of Philosophy at the Graduate School of Education, UWA. 

 
I would like to invite your child to take part in the project. This is because our data will be 
gathered from Year 3 and Year 6 children to assist in developing a better understanding of how 
the delivery of the science curriculum affects children’s conceptual understandings of science. 
The school that your child attends is one of the three primary schools in Western Australia 
approached for their participation. Your child has also been provided with a letter from us that 
we encourage you to discuss with him/her. 

 
Participation in the project will involve your child in a short survey of science concepts, which 
will take approximately half an hour of class time. Five to seven students from each year of 
Year 3 and Year 6 will be selected for a 15-minute in-depth interview about their understanding 
of certain scientific concepts, namely the Earth, living things and floating and sinking. 

 
Participation is voluntary and your decision will be respected. Your decision will not affect your 
family’s relationship with your child’s teacher or the school. If a decision is made to participate, 
the survey and possibly an interview will be conducted at a time convenient to the teacher 
during school time. Once a decision is made to participate, either you or your child can change 
your mind at any time.  

 
The data collection process is not expected to cause any problems, however, if there is any 
indication that your child is stressed in any way, the researcher will immediately cease the 
survey or interview and any data collected will be destroyed. At an appropriate time, your child 
will be reminded that he/she can fully withdraw from the research at any time. 
  
Since the data collection will take part during normal class time, the class teacher will have 
arranged another activity for children not taking part. We have found in past research that 
children generally enjoy the process and benefit from the collaboration between the school and 
the university researchers.  
 

The privacy and confidentiality of participants is assured.  Information that identifies anyone 
will be removed from the data collected. The data is then stored securely by the researcher in a 
locked filing cabinet in a locked room at the Graduate School of Education at UWA and can 
only be accessed by the researcher and her supervisors. The data will be stored for a minimum 
period of 5 years after which it will be destroyed by disposal in a confidential waste bin. Audio 
recorded files will be permanently deleted.  
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Participant privacy and the confidentiality of information disclosed by participants is assured 
except in circumstances that require reporting under the Department of Education and Training 
Child Protection policy, or where the research team is legally required to disclose that 
information. 
   
The data will be used only for this project, and will not be used in any extended or future 
research without first obtaining explicit written consent from both you and your child.   
 
It is intended that the findings of this study will be published my thesis and in scholarly journals. 
A summary of the research findings may be requested on completion of the project.  You can 
access this by contacting the school Principal and expect it to become available in December 
2009.  
 
The research has been approved by the Human Research Ethics Committee of the University of 
Western Australia (approval number RA/4/3/1565) and has met the policy requirements of the 
Department of Education and Training.  
 
All persons undertaking research activities on Department sites must complete a Confidential 
Declaration. Also, under the Working with Children (Criminal Record Checking) Act 2004, 
people undertaking research that involves contact with children must undergo a Working with 
Children Check. Evidence that these checks are current for each member of the research team 
has been provided to the Principal of your school.   
 
If you would like to discuss any aspect of this study please contact me on the number provided 
below, or my supervisor, Professor Grady Venville ((08) 6488 3811, 
grady.venville@uwa.edu.au). If you wish to speak with an independent person about how the 
project is conducted please contact Ms. Kate Kirk, the Executive Officer of Human Research 
Ethics Committee of the University of Western Australia, at kkirk@admin.uwa.edu.au or call 
(08) 6488 3703. 
 
If you and your child are both willing for him/her to be involved, please complete the Consent 
Form on the following page. Your child is also asked to complete the Consent Form attached to 
his/her letter. 
 
This project information letter is for you to keep. 
 

 
 
Ms. Ying (Amy) TAO  
PhD Candidate 
Graduate School of  
Education (M428) 
35 Stirling Highway 
6009 
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Consent Form for Parents  

 

 I have read and understood the information letter about the project, or have had it 
explained to me in language I understand.  

 

 I have taken up the invitation to ask any questions I may have had and am satisfied with 
the answers I received. 

 

 I understand that participation in the project is entirely voluntarily.  
 

 I understand that the interview with my child will be audio recoded.  
 

 I am willing for my child to become involved in the project, as described. 
 

 I have discussed with my child what it means to participate in this project. He/she has 
explicitly indicated a willingness to take part, as indicated by his/her completion of the 
child consent form. 

 

 I understand that both my child and I are free to withdraw that participation at any time 
without affecting the family’s relationship with my child’s teacher or my child’s school.  
 

 I understand that if there is any indication that my child is stressed in any way, the 
researcher will immediately cease data collection and any data will be destroyed. At an 
appropriate time, my child will be reminded that he/she can fully withdraw from the 
research at any time. 
 

 I give permission for the contribution that my child makes to this research to be 
published in Ms Tao’s thesis and in scholarly journals, provided that my child or the 
school is not identified in any way. 

 

 I understand that I can request a summary of findings after the research has been 
completed. 

 

 

Name of Child (printed):   

Name of Parent/Carer (printed):   

Signature of Parent:      Date:       /      / 
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Information Letter for Year 6 Children 

 

Dear Student 
 
My name is Ying (Amy) TAO and I am from Graduate School of Education, the University of 
Western Australia. I would like to invite you to take part in a research project that I am doing. It 
is about what Year 6 children know about science ideas, for example the Earth, living things 
and floating and sinking. 
 
I am asking for your help with the project because I’m interested to know your understanding of 
science ideas and how you learn science. I will be asking students in three primary schools in 
Western Australia to become involved. 
 
What would I be asked to do? 
If you agree to take part, you will be asked to do a short science quiz, which will take about half 
an hour of class time. I might also ask you to talk with me for about 15 minutes to tell me 
whatever you know about the Earth, living things and floating and sinking. I will record the 
interview only if you don’t mind. 
 
Do I have to take part? 
No. You are completely free to say yes or no. I will respect your decision whichever choice you 
make. 
 
What if I wanted to change my mind? 
If you say no, but then change your mind and want to take part, please let your teacher know.  
 
You can stop at any time, even if you have said yes.  Just let your teacher or mum (or dad, or the 
person who looks after you) know, and they will tell me.  
 
The quiz and the interview will be relaxing and interesting, however, if you feel stressed in any 
way, please feel free to tell me. You can stop the quiz and interview at any time and you don’t 
have to do any more if you don’t want to.  
 
What if I say something during the project that I don’t want anyone else to know? 
I may have to tell someone like your teacher if you tell me that you have been hurt by someone 
lately. But for all other things you tell me, I won’t repeat them to anyone else. 
 
What will you do with the information I give you? 
I collect what each student has given to the project, and then I will write about it in my research 
report and a journal, which is like a magazine, so that other adults can read about it. When I do 
this, I won’t write or tell anyone your name, or the names of any other students or your school. 
 
How do I get involved? 
You have already talked with your mum or dad, or the person who looks after you, about what it 
means to take part in the project. Now you get to say for yourself. 
 
If you do want to be a part of the project, please read the next page and write your name in the 
space provided. 
 
This letter is for you to keep. 
 
Kind regards 
Ying Tao 
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Consent Form for Year 6 Children 

 

 

 

 I know that I don’t have to be involved in this project, but I would like to be. 
 

 I know that I will be doing a science quiz and an interview as part of the project. 
 

 I know that I can stop when I want to. 
 

 I know that if I feel stressed in any way, I’m free to tell the researcher and she will stop 

the quiz and the interview immediately and that I won’t have to do any more if I don’t 

want to. 

 

 I understand that I need to write my name in the space below, before I can be a part of 
the project. 

 

 

Your name:   Today’s  Date:      /     / 
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Information Letter for Year 3 Children 

 

 
Hello 
 
My name is Ying (Amy) TAO. I am from the Graduate School of Education, the University of 
Western Australia. Now, I have a project that you might like to help me with.  
 
The project is about getting to know what Year 3 primary children know about science, for 
example what the Earth looks like, what your idea of living things is, and why things float or 
sink. 
 
Would you like to help me for about half an hour of the class time?  
 
If you want to stop at anytime, that’s OK, you can.  
 
I won’t tell anyone what you say while helping me with the project, unless I need to tell 
someone like your teacher if you tell me that you have been hurt by someone lately. 
 
Your parents, or the person who looks after you, has talked with you about helping with the 
project.  
 
If you would like to help with the project, please write down your name on the line below and 
draw a circle around the word YES on the next page. 
 
If you don’t want to help with the project – that’s OK too. 
 
I am looking forward to hearing from you soon. 
 
Kind regards 
 
Ying Tao 
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Consent Form for Year 3 Children 

 

 
 I know I have a choice whether or not I want to do this project 

 

 I know that I can stop whenever I want. 

 

 I know that I will be doing a science quiz and an interview as part of the project. 

 

 I know that I need to write down my name and draw a circle around the word YES on this 

page before I can help with the project. 

 

 

 

 

YES NO 

 

I would like to help with  

the project 

 

I do not want to help 

with the project 

 

  

Name of child:   Today’s  Date:     /     / 
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Appendix B: Science Survey for Year 3 Children 

About You 

 
1 What is your first name? 
 

2 What is your last name? 
 

3 What is your date of birth? 
 
Day__________             Month____________            Year _________ 
 
4 Are you a girl or a boy? Fill in one circle only 

Girl --------------------------------   
Boy --------------------------------  
 
5 In school, how often do you do these things?  
                                                                           Fill in one circle for each line 
 
                                                                     At least       Once or         A few    Never 
                                                                     once a         twice a          times a 
                                                                     week           month             year              
 
a)   I look at something like the 
       weather or a plant growing 
       and write down what I see--------------------------------------------------------------------- 
b)   I watch the teacher do a 
       science experiment------------------------------------------------------------------------------ 
c)   I design or plan a science 
      experiment or investigation-------------------------------------------------------------------- 
d)  I do a science experiment or 
      investigation-------------------------------------------------------------------------------------- 
e)  I work with other students in a 
      small group on a science experiment 
      or investigation----------------------------------------------------------------------------------- 
f)   I read books about science---------------------------------------------------------------------- 
g)  I memorise science facts------------------------------------------------------------------------ 
h)  I write or give an explanation 
      for something I am studying 
      in science----------------------------------------------------------------------------------------- 
i)   I work science problems on 
      my own-------------------------------------------------------------------------------------------- 
j)   I use a computer in science lessons------------------------------------------------------------ 
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Science Quiz 
Please tick one answer from A, B, C, D to complete the quiz. 
 
1. Which one of these refers only to living things? 
A. clouds, fire, rivers 
B. fire, rivers, trees 
C. rivers, birds, trees 
D. birds, trees, worms 
 
2. Which group consists only of non-living things? 
A. rabbit, seed, bird 
B. seed, bird, wind 
C. volcano, candle, rabbit 
D. wind, candle, volcano 
 
3. Some people have straight hair and some have curly hair. What decides whether a 
person will be born with curly hair or straight hair? 
A. the type of hair their parents have 
B. the type of hair their brothers and sisters have 
C. their hair colour 
D. their skin colour 
 
4. Where do plants get energy from to make food? 
A. air 
B. soil 
C. water 
D. sunlight 
 
5. What covers most of the Earth’s surface? 
A. Water 
B. Bare rock 
C. Farm land 
D. Cities and towns 
 
6. Why daylight and darkness occur on Earth? 
A. The Earth turns on its axis. 
B. The Sun turns on its axis. 
C. The Earth’s axis is tilted. 
D. The Earth turns around the Sun. 
 
7. Why seasons occur on Earth? 
A. Earth turns on its axis. 
B. The Sun turns on its axis. 
C. Earth’s axis is tilted. 
D. The Sun’s axis is tilted. 
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8.  What is the main reason we can see the Moon? 
A. The Moon reflects light from the Earth.  
B. The Moon reflects light from the Sun. 
C. The Moon produces its own light. 
D. The Moon is larger than the stars. 
 
9. The picture below shows three objects of the same size floating in water. 

 
 
Which object weighs the most? 
A. Object A 
B. Object B 
C. Object C 
D. They all weigh the same. 
 
10. Tom has three objects that are the shape and size. Toms puts the three objects in a 
beaker of water. He observes that X floats, but Y and Z both sink. 

 
 
Which can he tell about the weight of object X compared to Y and Z? 
A. X is lighter than Y or Z. 
B. X is heavier than Y or Z. 
C. X is lighter than Y but heavier than Z. 
D. X is heavier than Y but lighter than Z. 
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11. The same brick is put on a scale in three different ways. 

 

 

Which will the scale show? 

A. 1will show the greatest weight. 

B. 2 will show the greatest weight. 

C. 3 will show the greatest weight. 

D. All will show the same weight. 

 
12. Please look at the picture below. Susie has three ice cubes of different sizes. She put 

each ice cube into the same beaker containing the same level of water. 

 

 

 

What happens to the ice cubes when they are put into the water? 

A. Cubes 1, 2, and 3 will sink. 

B. Cubes 1, 2, and 3 will float. 

C. Cube 1 will float, and cubes 2 and 3 will sink. 

D. Cubes 1 and 2 will float, and cube 3 will sink. 

 

 

End of the Quiz. Thank you. 
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关于你自己 

1 请问你叫什么名字？ 

 

2 请问你的出生日期？       

______ 年 ______ 月 _____ 日 

 

3 你是女生还是男生? 请填涂一个 

 

女生 ------------------------ 

男生 ------------------------ 

 

4. 在学校上科学课时，你常做下面的事吗？ 

每小题请填涂一项 

                                                                                  每周至少     每月            每年           从来 

一次        1‐2 次          几次            没有 

1) 我观察如天气或植物生长等现象，     

并做记录‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

2) 我看老师做科学实验‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

3) 我自己设计一个科学实验或研究‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

4) 我做科学实验或研究‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

5) 我和同学分组一起做科学实验或研究‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

6) 我阅读有关科学的书籍‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

7) 我记忆科学知识‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

8) 我通过写或说来进一步理解 

科学课上学到的知识‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

9) 我独立完成科学题目‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

10)  我在科学课堂上使用电脑‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
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科学知识趣味问答 

请从 A, B, C, D 四个选项中选择一个来完成下列问题。 
1. 下列哪一组的选项中都是生物？ 
A. 云朵、火、河流 
B．火、河流、树 
C．河流、小鸟、树 
D．小鸟、树、虫子 
 
2. 下列哪一组的选项中都不是生物？ 
A．兔子、种子、小鸟 
B．种子、小鸟、风 
C．火山、蜡烛、兔子 
D．风、蜡烛、火山 
 
3. 有些人直发，有些人卷发，是什么原因决定人们生下来是卷发还是直发呢？ 
A. 他们父母的发质 
B. 他们兄弟姐妹的发质 
C. 他们自己头发的颜色 
D. 他们自己皮肤的颜色 
 
4. 请问植物从哪里获得能量来制造食物呢？ 
A. 空气 
B. 泥土 
C. 水 
D. 太阳光 
 
5. 覆盖地球表面 多的是什么？ 
A．水 
B．岩石 
C．农田 
D．都市和城镇 
 
6.下面哪一个句子能说明为什么地球上有日夜之分？ 
A. 地球的自转 
B. 太阳围绕地球运转 
C. 地球的轴是倾斜的 
D. 地球围绕太阳运转 
 
 
 



301 
 

7. 下面哪一个句子能说明为什么地球上有一年四季？ 
A. 地球绕轴自转 
B. 太阳绕轴自转 
C. 地球的自转轴是倾斜的 
D. 太阳的自转轴是倾斜的 
 
8. 下面哪一个是我们能看到月亮的主要原因？ 
A. 月亮会反射地球发出的光 
B. 月亮会反射太阳发出的光 
C. 月亮会自己发光 
D. 月亮比其它星星大 
 
9. 下图中有三个物体，它们的大小一样而且都浮在水面上。 

 

哪一个物体 重？ 
A．物体甲 
B．物体乙 
C．物体丙 
D．它们一样重 
 
10. 小明有三个形状和大小都相同的物体。他把这三个物体放在一杯装有水的烧

杯里，他观察到甲浮在水面上，而乙和丙却下沉。 

 

 
他将物体甲的重量与乙、丙的重量进行比较，会得出什么结论呢？ 
A. 甲比乙或丙轻 
B. 甲比乙或丙重 
C. 甲比乙轻，可是比丙重 
D. 甲比乙重，可是比丙轻 
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11. 把同一块砖，以不同的方式放在弹簧秤上 

 
 
弹簧秤将显示出什么结果？ 
A．图 1 的弹簧秤显示出的重量 大 
B．图 2 的弹簧秤显示出的重量 大 
C．图 3 的弹簧秤显示出的重量 大 
D．所有的弹簧秤显示出的重量相同 
 
12. 小文有三个不同大小的冰块，她把冰块放进装有相同水量的烧杯中，如图所

示： 

 
当这三个冰块都被放入水中时，会产生什么现象呢？ 
 
A. 冰块 1、2、3 都会下沉 
B. 冰块 1、2、3 都会浮在水面上 
C. 冰块 1 会浮在水面上，而冰块 2、3 却下沉 
D. 冰块 1、2 会浮在水面上，而冰块 3 却下沉 
 
 
 
 

                               科学知识趣味问答结束，谢谢你！ 
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Appendix C: Science Survey for Year 6 Children 

About You 

 
1 What is your first name? 
 

2 What is your last name? 
 

3 What is your date of birth? 
 
Day_________             Month___________            Year _________ 
 
4 Are you a girl or a boy? Fill in one circle only 

Girl --------------------------------   
Boy --------------------------------  
 
5 In school, how often do you do these things?  
                                                                           Fill in one circle for each line 
 
                                                                    At least       Once or          A few           Never 
                                                                     once a         twice a          times a 
                                                                     week           month             year              
 
a)   I look at something like the 
       weather or a plant growing 
       and write down what I see--------------------------------------------------------------------- 
b)   I watch the teacher do a 
       science experiment------------------------------------------------------------------------------ 
c)   I design or plan a science 
      experiment or investigation-------------------------------------------------------------------- 
d)  I do a science experiment or 
      investigation-------------------------------------------------------------------------------------- 
e)  I work with other students in a 
      small group on a science experiment 
      or investigation----------------------------------------------------------------------------------- 
f)   I read books about science---------------------------------------------------------------------- 
g)  I memorise science facts------------------------------------------------------------------------ 
h)  I write or give an explanation 
      for something I am studying 
      in science----------------------------------------------------------------------------------------- 
i)   I work science problems on 
      my own-------------------------------------------------------------------------------------------- 
j)   I use a computer in science lessons------------------------------------------------------------ 
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Science Quiz 
Please tick one answer from A, B, C, D to complete the quiz. 
 
1. Which one of these refers only to living things? 
A. clouds, fire, rivers 
B. fire, rivers, trees 
C. rivers, birds, trees 
D. birds, trees, worms 
 
2. Which group consists only of non-living things? 
A. rabbit, seed, bird 
B. seed, bird, wind 
C. volcano, candle, rabbit 
D. wind, candle, volcano 
 
3. Some people have straight hair and some have curly hair. What decides whether a 
person will be born with curly hair or straight hair? 
A. the type of hair their parents have 
B. the type of hair their brothers and sisters have 
C. their hair colour 
D. their skin colour 
 
4. Which part of the plant takes in the MOST water?   

                                                      
A. Part A 
B. Part B 
C. Part C 
D. Part D 
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5. The picture shows the structure of the Earth.    

 
Which part is the hottest? 
A. Part A 
B. Part B 
C. Part C 
D. All three parts are the same temperature. 
 
6. Why daylight and darkness occur on Earth? 
A. The Earth turns on its axis. 
B. The Sun turns on its axis. 
C. The Earth’s axis is tilted. 
D. The Earth turns around the Sun. 
 
7. Why seasons occur on Earth? 
A. Earth turns on its axis. 
B. The Sun turns on its axis. 
C. Earth’s axis is tilted. 
D. The Sun’s axis is tilted. 
 
8.   The picture above shows a person holding a ball standing at three different places on 
Earth. Which of the following pictures best shows the direction if the person drops the 
ball. 
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9. The picture below shows three objects of the same size floating in water. 
 

 
 
Which object weighs the most? 
A. Object A 
B. Object B 
C. Object C 
D. They all weigh the same. 
 
10. Tom has three objects that are the same shape and size. Toms puts the three objects 
in the water. He observes that X floats, but Y and Z both sink. 
 

 
 
Which can he tell about the weight of object X compared to Y and Z? 
A. X is lighter than Y or Z. 
B. X is heavier than Y or Z. 
C. X is lighter than Y but heavier than Z. 
D. X is heavier than Y but lighter than Z. 
 
11. The picture below shows a block of wood floating in fresh water. 
 

 
Can you guess if this block were put into salt water from the ocean, which picture 
shows what would happen? 
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12. Please look at the picture below. Susie has three ice cubes of different sizes. She put 
each ice cube into the same beaker containing the same level of water. 
 

 
 
What happens to the ice cubes when they are put in the water? 
A. Cubes 1, 2, and 3 will sink. 
B. Cubes 1, 2, and 3 will float. 
C. Cube 1 will float, and cubes 2 and 3 will sink. 
D. Cubes 1 and 2 will float, and cube 3 will sink. 
 

 
 

End of the Quiz. Thank You. 
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关于你自己 

1 请问你叫什么名字？ 

 

2 请问你的出生日期？       

______ 年 ______ 月 _____ 日 

 

3 你是女生还是男生? 请填涂一个 

 

女生 ------------------------ 

男生 ------------------------ 

 

4. 在学校上科学课时，你常做下面的事吗？ 

每小题请填涂一项 

                                                                                  每周至少     每月            每年           从来 

一次        1‐2 次          几次            没有 

11) 我观察如天气或植物生长等现象，     

并做记录‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

12) 我看老师做科学实验‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

13) 我自己设计一个科学实验或研究‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

14) 我做科学实验或研究‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

15) 我和同学分组一起做科学实验或研究‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

16) 我阅读有关科学的书籍‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

17) 我记忆科学知识‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

18) 我通过写或说来进一步理解 

科学课上学到的知识‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

19) 我独立完成科学题目‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

20)  我在科学课堂上使用电脑‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
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科学知识趣味问答 

请从 A, B, C, D 四个选项中选择一个来完成下列问题。 
1. 下列哪一组的选项中都是生物？ 
A. 云朵、火、河流 
B．火、河流、树 
C．河流、小鸟、树 
D．小鸟、树、虫子 
 
2. 下列哪一组的选项中都不是生物？ 
A．兔子、种子、小鸟 
B．种子、小鸟、风 
C．火山、蜡烛、兔子 
D．风、蜡烛、火山 
 
3. 有些人直发，有些人卷发，是什么原因决定人们生下来是卷发还是直发呢？ 
A. 他们父母的发质 
B. 他们兄弟姐妹的发质 
C. 他们自己头发的颜色 
D. 他们自己皮肤的颜色 
 

4.植物的哪个部分吸收 多的水分？ 

 

A. 部位甲 
B. 部位乙 
C. 部位丙 
D. 部位丁 
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5. 如图所示，地球的内部可以大致分为甲、乙、丙三大层。 

 

 
哪一层 热？ 
A．甲层 
B．乙层 
C．丙层 
D．三层的温度相同 
 
6.下面哪一个句子能说明为什么地球上有日夜之分？ 
A. 地球的自转 
B. 太阳围绕地球运转 
C. 地球的轴是倾斜的 
D. 地球围绕太阳运转 
 
7. 下面哪一个句子能说明为什么地球上有一年四季？ 
A. 地球绕轴自转 
B. 太阳绕轴自转 
C. 地球的自转轴是倾斜的 
D. 太阳的自转轴是倾斜的 
 
8. 一个人手里拿着皮球站在地球上三个不同的地方，如果他把球松开，重力会使

球往下落。下面哪一幅图能正确显示皮球在地球上三个不同地方的下落情况呢？ 
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9. 下图中有三个物体，它们的大小一样而且都浮在水面上。 

 

哪一个物体 重？ 
A．物体甲 
B．物体乙 
C．物体丙 
D．它们一样重 
 

10. 小明有三个形状和大小都相同的物体。他把这三个物体放在一杯装有水的烧

杯里，他观察到甲浮在水面上，而乙和丙却下沉。 

 

 
他将物体甲的重量与乙、丙的重量进行比较，会得出什么结论呢？ 
A. 甲比乙或丙轻 
B. 甲比乙或丙重 
C. 甲比乙轻，可是比丙重 
D. 甲比乙重，可是比丙轻 

 

11. 如下图所示，一个小木块浮在清水中。 
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如果我们把这个小木块放到盐水中，下面哪一幅图能正确显示出木块的沉浮情况

呢？ 

 

 

12. 小文有三个不同大小的冰块，她把冰块放进装有相同水量的烧杯中，如图所

示： 

 
当这三个冰块都被放入水中时，会产生什么现象呢？ 
 
A. 冰块 1、2、3 都会下沉 
B. 冰块 1、2、3 都会浮在水面上 
C. 冰块 1 会浮在水面上，而冰块 2、3 却下沉 
D. 冰块 1、2 会浮在水面上，而冰块 3 却下沉 

 

 

 

 

科学知识趣味问答结束，谢谢你！ 
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Appendix D: Interview Protocol for the Earth 

 

Earth Shape 1. What is the shape of the Earth? 
 2. Could you please draw it? 
 3. Could you please draw a stick figure to show me where you are? 
 4. Can you stand at the top of the Earth that you drew? (Why / Why   not?)
 5. Can you stand at the bottom of the Earth that you drew? (Why / Why 

not?) 
 6. Can you stand at the sides of the Earth that you drew? (Why/  Why  

not?) 
Gravity 1. Let’s look at the stick figure that you drew. If he/she has a little ball in 

hand and drops the ball, where would the ball go? 
 2. Could you please draw an arrow to show me the direction? 
 3. Why would it go like this? 
 4. Would the ball continue to fall down to the other end of the Earth (for 

those children whose response is “go down”)? 
 5. Where is gravity? (Only for those children who mentioned “gravity” in 

their response) 
Day/night cycle 1. Could you please draw the Sun and the Moon? 
 2. Why do we have day and night on the Earth? 
 3. Why can we see the Moon at night? (Only for Year 3 children) 
 4. Do you know how the Earth, the Moon and the Sun move? 
Seasons  1. Why do we have seasons on the Earth?  

2 Do they have anything to do with the movement of the Earth or the Sun?

 

 

地球的形状 1. 地球是什么形状呢? 
 2. 你能把你脑海中的地球画出来吗? 
 3. 你能画一下自己在地球的哪个位置吗? 
 4. 你能站在你所画的地球的顶端吗？（为什么能/为什么不能） 
 5. 你能站在你所画的地球的底端吗？（为什么能/为什么不能） 
 6. 你能站在你所画的地球的两边吗？（为什么能/为什么不能） 
地球的引力 1. 下面我们来看一下你画的这个小人，假设这个人手里握着一个小

球，如果这个人把手松开，球会往哪个方向去呢？  
 2. 你能不能画一个箭头来告诉我球掉落的方向呢？ 
 3. 为什么球会往这个方向落呢? 
 4. 球会不会一直往下落，而且落到地球的另一端呢？ （如果学生的答

案是“往下”） 
 5. 地球的引力在哪里呢？（如果学生在回答中提到了“引力”这个

词） 
昼夜交替 1. 你能不能画一下月亮和太阳?月亮和太阳在哪里？ 
 2. 为什么我们会有白天和夜晚呢？ 
 3. 为什么我们晚上可以看到月亮呢？ （仅三年级学生） 
 4. 你能告诉我地球、月亮和太阳是怎么转的吗？ 
四季更迭 1. 为什么我们有一年四季呢?  

2. 四季是否与地球或太阳的运动有关呢？ 
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Appendix E: Interview Protocol for Living Things 
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Living things  1. Do you know what the pictures are? 
 2. Could you please tick the living things and put a cross beside the non-

living things among all the pictures? 
 3. Why do you think trees are living? 
 4. Are flowers living? Why? 
 5. Is grass living? Why? 
 6. How do you know that trees are breathing? (If mentioned) 
 7. Is a cat, a bird and a fly living?  
 8. Why do you think they are living? 
Non-living things 1. Is the Sun living? Why it is living/why it is not living? 
 2. Is the cloud living? Why it is living/why it is not living? 
 3. A car can move around, is a car living? Why/why not? 
 4. Is fire living? In what way do you think fire is living/not living? 
 5. Is table a living thing? Why it’s living/not living? 
 6. Is house a living thing? Why it’s living/not living? 

 

 

生物  1. 你能告诉我这些图片是什么吗? 

 2. 你能不能在有生命的物体旁边打个勾，在没有生命的物体旁边打

个叉呢？ 

 3. 为什么你认为树是有生命的呢？ 

 4. 花有生命吗？为什么有生命呢？ 

 5. 小草有生命吗？为什么小草有生命呢？ 

 6. 你怎么知道树需要呼吸呢？（如果学生提到了“呼吸”） 

 7. 小猫、小鸟和苍蝇它们有生命吗？ 

 8. 你为什么认为它们有生命呢？ 

非生物 1. 太阳有生命吗？为什么它有/为什么它没有生命呢？ 

 2. 云有生命吗？为什么它有/为什么它没有生命呢？ 

 3. 汽车可以到处跑，汽车有生命吗？为什么有/没有生命呢？ 

 4. 火有生命吗？你为什么认为火有生命/没有生命呢？ 

 5. 桌子有生命吗？为什么它有/为什么它没有生命呢？ 

 6. 房子有生命吗？为什么它有/为什么它没有生命呢？ 
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1. 
 

Let’s discuss something about floating and sinking. What do you know about 
floating and sinking?  

2. What tends to float? What tends to sink? 
3. What would happen if we put those drawing pins into the water? Would they float or 

sink? Why? 
4. What would happen if we put an apple into the water? Would it float or sink? Why? 
5. What about a piece of wood? Would it float or sink? Why? 
6. What would happen if we put an apple and the piece of wood into the water at the 

same time? Would they both sink/float? Would one float and the other sink? Why? 
7. What about a 10-cent coin? Would it float or sink if we put it into the water? Why? 
8. What about a 50-cent coin? Would it float or sink if we put it into the water? Why? 
9. What would happen if we put the 10-cent coin and the 50-cent coin into the water at 

the same time? Would they both sink/float? Would one float and the other sink? 
Why? 

10. We all know that ship floats on the river. Why can ship float? 
11. (If children mention there is air) Which part of ship is full of the air? 
12. What about the cardboard box? What would happen if we put it into the water? 

Would it float or sink? Why?  

 

 

1. 下面我们来讨论一下沉与浮的现象。请告诉我你所知道的关于沉和浮的知识。  

2. 什么物体容易在水里浮起来？什么物体容易沉下去呢？ 

3. 如果我们把这些小图钉丢到水里，它们是会沉还是会浮起来呢？为什么？ 

4. 如果我们把这个苹果放到水里，它是会沉还是会浮起来呢？为什么？ 

5. 这块小木板呢？如果我们把它放到水里，它是会浮起来还是沉下去呢？为什

么？ 

6. 如果我们把这个苹果和这块小木板同时放到水里，它们会怎样呢？是两个都浮

起来？还是两个都沉下去？还是一个浮起来，另一个沉下去呢？为什么呢？  

7. 这里有一个一角的硬币，如果我们把它放到水里，它会浮起来还是沉下去呢？

为什么？ 

8. 这还有一个一元的硬币，如果我们把它放到水里，它会浮起来还是沉下去呢？

为什么？ 

9. 如果我们把一角的硬币和一元的硬币同时放到水里，它们会怎样呢？是两个都

浮起来？还是两个都沉下去？还是一个浮起来，另一个沉下去呢？为什么呢？ 

10. 我们都知道船能浮在水上，那么船为什么能浮起来呢？ 

11. （如果学生提到有空气）船的哪一个部分有空气呢？ 

12. 这里有一个纸盒，如果我们把纸盒放到水里，它会沉还是会浮呢？为什么？ 
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