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ABSTRACT 

Assessment in scientific enquiry at age 14: 
A comparison between England and Korea 

By Jung Ran Cho 

This study is an international comparative study exploring the research question' What 
is the impact of assessment in scientific enquiry on the perception of the 
teaching of science at 14 in a comparison between England and Korea?~ 
Implementing scientific enquiry in the classroom has been a common goal in both 
countries in order to foster pupils' scientific literacy and to improve the quality of science 
education. 

Based on a conceptual framework of theory-practice triangulation, this study has been 
divided into two sub-questions; one which has asked what is taught and assessed in 
scientific enquiry in the national curricula in England and Korea, the other enquired how 
teachers perceive their teaching of scientific enquiry. Thus, this study has been twofold: 
a documentary analysis ,of the national curricula and assessment (the end of KS3 test 
papers and High school entrance examination papers) for the first question and for the 
second question, survey research of science teachers using 190 questionnaires and 7 
focus group interviews. 

Key findings were: 
The assessment content directly affects teaching practice under assessment driven 
school curricula, which applies to both countries. Both groups of teachers do not teach 
in the way in which they perceive pupils' scientific enquiry ability can best be fostered, 
such as scientific investigations, group discussions and research projects. However, the 
national curriculum content and assessment in England more fully reflects the aims of its 
curriculum. Korean test papers are extremely narrow in scope and contain higher 
cognitive ability questions. Although teachers' views about the nature of science and 
their perceptions about teaching science may not affect teachers' teaching in practice 
directly, these factors can affect teachers' attitudes towards science, their confidence in 
teaching scientific enquiry and their resistance to taking up new teaching methods. As 
assessment content directly affects teachers' teaching, there is a need for good 
assessment items, which comprise a variety of content and context of scientific enquiry. 
These can be developed in order to implement more scientific enquiry. At the same time, 
there is scope for enabling teachers to gain a more refined understanding of the nature 
of science. 

This study was to explore teachers' perceptions about their teaching of scientific enquiry. 
Based on this teachers' survey the area of the actual teaching of scientific enquiry may 
be worthy of further comparative study. 
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Chapter 1 Introduction 

The major research question is 'What is the impact of assessment in 
scientific enquiry on the perception of teaching science at age 14 in 
a comparison between England and Korea?'This study is a comparative 
one exploring sub-questions concerning what is assessed in the national 
curricula of England and Korea and how scientific enquiry is taught in both 
countries. This research question leads to the investigation of commonalities 
and differences in science education in both countries and leads to 
implications for the improvement of science education. 

1-1 Background 
It is known that science provision for all students through their compulsory 
education is becoming the norm internationally; For the majority of students, 
science is part of their general education, aiming to improve scientific literacy 
for preparation as future citizens in a changing society (Fensham, 2000; Kim J 
C, 2004). Only a'minority will use science for career purposes, such as 
engineers, scientists, medically related careers, researchers and technicians. 
Hence the science curriculum has to meet the needs of two groups, providing 
the first stages of training in science for a minority of students and giving 
access to baSic scientific literacy for the majority (Driver, et ai, 1996). 
Although these two purposes can often appear in tension in terms of the 
priority and depth of curriculum content, they share the common aim of 
helping students come to an understanding of the nature of science, which 
with scientific knowledge, comprises scientific literacy (Driver, et ai, 1996). 

Therefore, the importance of scientific enquiry seems closely related to the 
demands of a changing society and the quality of education. Although the 
curricula in England and Korea stem from different backgrounds in terms of 
different cultural and historical value systems, both national curricula in both 
countries are heading towards similar goals by fostering 21st century 
citizenship for young people and by putting the emphasis on the quality of 
education by incorporating more scientific enquiry in the science classroom 
(Ministry of Education, MOE, 2001a: Department for Education and Skills, 
DfES, 2001). 

1-1-1 The perspective of a' changing society 
A Korean report refers to 21st century society as information centred and 

globalised (MOE, 2001a). In accordance with this, one of the aims of science 
education is to nurture future citizens to be able to understand advanced 
science and technology in a globalised society (MOE, 2001a). Consequently, 
scientific literacy has become a great concern for citizens of the 21st century. 

According to the national science curriculum in Korea, the need for scientific 
literacy is described as follows: 
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... in order to foster scientific literacy for the citizens of the future, through 
scientific enquiry, pupils should be taught scientific concepts enabling them to 
make everyday applications and to foster enquiry with the ability to 
investigate natural phenomena and to understand the relationship between 
science, technology and society' (MOE,2001a). 

According to the national science curriculum in England, scientific literacy also 
has a central place, being mentioned as follows. 

... because it helps pupils to understand how scientific ideas are developed 
and because the skills and processes of scientific enquiry are useful in many 
everyday applications. Scientific enquiry provides opportunities for pupils to 
consider the benefits and developments in the environment, health care and 
quality of life"(DfES, Department for Education and Skills, 2001) 

Therefore, scientific enquiry as 'the methods and activities that lead to the 
development of scientific knowledge' has become the core of both curricula 
rather than scientific knowledge itself (NRC, 1996, p23, quoted in Schwartz, 
et ai, 2004). In a broad sense, scientific enquiry refers to the characteristics 
of scientific enterprise and processes through which scientific knowledge is 
acquired including consensus and the ethics involved in the development, 
acceptance and utility of scientific knowledge (Shwartz, et ai, 2004). 

1-1-2 The perspective of the quality of education 
Conventional science has placed much emphasis on scientific knowledge and 
neglected understanding about the nature of science and scientific enquiry 
(Osborne, et ai, 2003; Han] H, 1995). The appropriateness of this emphasis 
on content knowledge has been doubted from the evidence that too many 
young people are leaving school with a confused sense of the significance of 
what they have learnt about science (Driver, et ai, 1996; Osborne & Collins, 
2000). TIMSS (Third International Mathematics Science Study) also supports 
the above argument that students' inability to recall science they have learnt 
in school is simply consistent with the evidence from surveys of public 
knowledge, which reveals the low state of passive residual knowledge of 
science by adult citizens (Fensham, 2000). Thus, as Osborne, et ai, (2003) 
argue, scienc~ education has failed to communicate 'the grand ideas of 
science' that have both personal and cultural significance and which should 
develop a deeper understanding of science. Another shortcoming is that 
students are not engaging critically with the socio-cultural and historical 
issues of science as well as having a negative attitude towards science and 
showing little interest in the subject (Osborne & Collins, 2000; Kim] H & Lee 
M K, 2003). In particular, despite having the highest achievement in science 
literacy through the international comparative studies, Korean young people 
show the least interest and motivation in science subjects and do not want to 
choose science related careers (Song] W, et ai, 2003). 

Recently, much research in this area has been carried out in order to improve 
the quality of science education (Fensham, 2000). With the growing concern 
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about the relationship between science and society and the need to improve 
the quality of education about science, implementation of the nature of 
science and scientific enquiry as a core of scientific literacy has become an 
important research interest among science educators. This trend has led to 
curricula revisions strengthening the elements of the nature of science and 
being highlighted in the public understanding of science (Osborne, et ai, 
2003; Song J W, et ai, 2003). 

For the curricular revisions, TIMSS results have been used as an important 
reference for making new policies and for revising the curriculum in both 
England and Korea (Han, 1995; Fensham, 2000). As a universal subject, 
science is being taught with similar content and with more or less the same 
amount of time at Key Stage 3(KS3, students aged 12-14) level in both 
countries. The curriculum framework underlying TIMSS science test was 
developed by a group of science educators and the tests were developed 
through an international consensus involving inputs from experts in science 
and measurement speCialists (Kim C J, 2004). Then, it ensured that these 
tests reflected current priorities within the content of science (Kim C J, 2004). 
The current emphasis on the area of scientific enquiry has also been reflected 
in the TIMSS-2003 science test which showed considerable increase in the 
proportions of analysis and reasoning domains compared with the TIMSS test 
of 1999 (NFER, 2004). 

Both countries have partiCipated in the TIMSS science tests in 1995, 1999 and 
2003. On these three occasions, students in both countries have shown much 
higher than average achievements compared with the other countries. Also, 
according to the report, Korean students conSistently have shown higher 
achievements than English students. In 2003, Korean students were in 3rd 

place with 558 marks compared with 544 achieved by English students, 
estimated at being in 6th place from among 46 countries (KICE, Korean 
Institute of Curriculum & Evaluation, 2004). Along with these science tests, 
other factors have been included in the TIMSS survey such as gender 
differences, pupils' attitudes, the current situations of teachers and schools 
and pupils at home (NFER, 2004). TIMSS-PA (performance assessment) also 
revealed that pupils in England were more likely to carry out investigations in 
their science lessons. English pupils received high scores for problem solving 
and investigative skills in science (NFER, 2004). All these elements seem to 
make the international comparative study more relevant in identifying 
advantages and disadvantages of each education system 

However, neither the TIMSS science tests nor the background survey may be 
able to show the reasons why Korean students achieved conSistently higher 
scores in science. The TIMSS results may also not be able to indicate the 
advantages and disadvantages in terms of the national curricula, 
examinations and teachers' teaching practices in depth. 

In addition, implementing scientific enquiry as a learning goal and introducing 
it into the classroom seems to be a complex process interlocking various 
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factors. As Osborne, et ai, (2002) argue, the process involves changing the 
culture that forms and moulds a teacher and is, a much harder task than 
simply changing the curriculum. It also seems to require continued support 
and endeavour for such a course requires that teachers adapt and change 
their existing practice (Osborne, et ai, 2002). Along with these various factors, 
assessment driven school curricula has been known as a great stumbling 
block to improving the quality of education (Black, 2000). 

1-1-3 Assessment of curricular goals 
Traditionally, assessment in Korea has been represented as norm referenced 
and done on a selective basis. It has long been recognised that what 
teachers teach and the ways in which they teach are heavily influenced by the 
assessment (Kim J H & Lee M K, 2003). In contrast, the national curriculum in 
England originally set four main criteria that the assessment in the system 
should meet: They should be criterion referenced, formative to serve learning 
needs, moderated to ensure comparability within and between schools and 
related to the learning progression of students (OfES, 1987, quoted in Millar, 
1991). Later on, the target attainments and standard achievements have 
been imposed on each year and there is a great emphasis on examinations in 
order to maintain the standard of achievement (Brooks, 2002). Recently, 
schools have been required to set targets for getting a certain percentage of 
pupils achieving more than levelS in science at the end of KS3 (Black, 2003). 
This approach entails setting performance norms and a composition of 
individual performances (Black, 2003). As a result of the emphasis on target 
setting and achievement, assessment has dominated teaching and learning as 
it becomes high stakes with the traditional content of assessment becoming a 
powerful determinant of learning goals (Black, 2000). 

There are issues, then, in shifting the focus of assessment to the nature of 
science and scientific enqUiry. 

Firstly, the nature of science is related to the epistemology of science 
including creativity, tentativeness, an empirical base and subjectivity 
(Bartholomew, et ai, 2003), Yet, conventional school science tends to 
represent absolute values in the knowledge content ignoring the nature of 
science (MacComas, 1998; Batholomew, et ai, 2003; Kim J W, 2004). 
Teachers also tend to be concerned only with the transmission of the products 
of 'the context of epistemological justification; what is been termed as 'final 
form/ science (Batholomew, et ai, 2003, p4). Thus, under the assessment 
driven school curricula, deliberations about the nature of science, the 
tentativeness of scientific knowledge or its social dimensions are marginalised. 
(Osborne, et ai, 2003). 

Secondly, under a mass assessment system catering for all abilities of pupils 
in most schools, the performance assessment that assesses scientific 
investigations is affected by a number of factors including the subject matter, 
the setting and context and procedural complexity (Roberts & Gott, 2004). 
The content of the performance assessment tends to be skills and 
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observations in order to minimise the tension between validity and reliability 
of the performance assessment (Roberts & Gott, 2004). 

Lastly, the main purpose of scientific investigations is the performance 
assessment as other research has revealed (Roberts & Gott, 2004; Kim J H & 
Lee M K, 2003). Thus, difficulties in assessing students' performance in 
scientific investigations have led to 'cook-book type' investigations as the 
performance assessments are being incorporated with pupils getting higher 
marks; students more or less know the results of the investigation in advance 
and are expected to follow instructions to reach that end. As Roberts & Gott 
(2004) argue, students may see little point in carrying out the investigation 
when they already know the result and are just expected to follow 
instructions to reach that end from the view point of scientific investigation as 
a core of scientific enquiry (Roberts & Gott, 2004, p7). Often this 'cook-book' 
type scientific investigation and practical work has been blamed for the 
mismatch between the understanding of related scientific knowledge and the 
doing activities in the classrooms (Millar, 2003). As Woolnough (1991) argues, 
although practical activity in the science laboratory is known to contribute 
towards developing students' thinking and learning abilities, because the 
purpose of the exercise is not always clear, any sense of achievement remains 
uncertain. 

For these reasons, contrasted with the emphasis in the national curriculum, 
scientific enquiry, as a process of SCience, has been given a relatively low 
emphasis in teachers' teaching practice (Russell & McGuigan, 2003; Roberts & 
Gott, 2004). As McComas (1998) argued, the assessment of the nature of 
science should be a vital part of the science curriculum in order to make the 
science curriculum meaningful as well as enabling learning coherence 
between content knowledge and the processes of science. 

Along with the assessment driven school curricula, teachers' perceptions and 
intentions to implement scientific enquiry are regarded as important factors 
(Lederman, 1999; Kim H K & Song J W, 2004). As teachers teach science, 
they are not only imparting scientific knowledge but also demonstrating 
scientific ways of questioning, thinking, handling and facing particular 
problems (McComas, 1998). Likewise, teachers' demonstrations perform an 
important illustrative role of the nature of phenomena and the scientific 
worldview as well as teachers' laboratory activities convey much about 
science processes and the construction of knowledge (Osborne, et ai, 2002) 

There are various opinions concerning teachers' views about the nature of 
science and scientific enquiry. According to Kim H K and Song J W (2004), a 
deficient conception about the nature of science in learning and teaching 
appeared to constitute an obstacle to the implementation of scientific enquiry. 
Whereas Osborne, et ai, (2003) argue differently. They say that a teacher's 
understanding of the nature of science is only one of many factors that 
contribute to what they do when attempting to teach something of the core 
theme of 'ideas-a bout-science', which comprises the nature of science and 
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scientific enquiry. Teachers' conception and understanding of the learning 
goals were regarded as more significant (Osborne, et ai, 2003). Other 
research also argues that even though teachers have enough flexibility within 
the curriculum's constraint, they do not integrate scientific enquiry into their 
teaching (Schwartz, et ai, 2004). 

This study will mainly focus on high stakes external tests as it explores how 
assessment affects teachers' teaching of scientific enquiry. 

1-2 Aim of the study 
This study aims to explore how assessment affects teachers' perceptions of 
teaching of scientific enquiry by comparing two groups of teachers and the 
assessment tests set for their students. Thus, this study consists of a two-fold 
research approach, one exploring the assessment instruments and the other 
finding out teachers' perceptions of their teaching in order to discover the 
answer to the research question 'What is the impact of assessment in 
scientific enquiry on the perception of teaching science at age 14 in 
a comparison between England Korea?' 

Although there are various assessments, which could have been used for the 
purpose of this research, external summative assessments seemed to be the 
most useful because of their perceived inference on classroom practice and 
their validity for international comparison. Performance assessments could 
have also been used for this purpose, but performance assessment varies 
with each individual school in terms of framework, type or form so it may not 
have been easy to compare the two groups of performance assessments 
objectively. Therefore, in this study, performance assessment is not included 
in the analysis. However an important part of the research is a survey of 
teachers as to how they teach and assess scientific enquiry. 

The examination papers in both countries are analysed to demonstrate the 
commonalities and differences of each assessment method as well as 
indicating the range and nature of skills reflected by the national curricula and 
the contemporary view of science. The analysis may show how the 
assessment affects the school curricula and how the curricula can be 
improved. 

Another part of the survey in this research concerns the teachers. As teachers 
playa pivotal role in improving the quality of education, it is necessary to find 
out teachers' perceptions about the nature of science and of scientific enquiry 
and how teachers teach and assess scientific enquiry. Then, the difficulties 
and dilemmas within the school curricula due to the complexity of 
implementing scientific enquiry into the classroom have also been 
investigated. 

The next chapter will review and clarify the philosophical perspectives of the 
nature of science and of scientific enquiry as well as the explanations about 
scientific enqUiry as found in the national curricula. Also reviewed are the 
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learning, teaching and assessing of scientific enquiry along with the 
difficulties and dilemmas raised in literature and other research. 
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Chapter 2 Literature Review 

This chapter explores the views about the nature of science and scientific 
enquiry in the national curricula in England and Korea. It also includes the 
nature of assessment and how educators recommend teaching and assessing 
the nature of science and scientific enquiry in classrooms and discusses 
potential difficulties in implementing scientific enquiry in both countries. Finally 
TIMSS survey data is considered concerning an international comparative study. 

2-1 Introduction 
According to McComas (1998), understanding the nature of science has been a 
common goal in science education for years. Society needs citizens who have 
opinions on the findings from science, are able to evaluate poliCies and weigh 
scientific evidence in order to make informed decisions in social, moral and 
political matters. In terms of quality of education, science educators also put 
their emphasis on understanding the nature of science because school science 
should reflect science in the 'rear world and scientific enquiry becomes a 
central strategy to portray the real science to students (Ratcliffe, 1998, p4). 

Thus, it might be expected that the aims of both national curricula will put an 
emphasis on scientific literacy, including elements of the nature of science and 
scientific enquiry, in order to improve public understanding of science as well 
as improving the quality of science education. 

However, although understanding the nature of science and scientific enquiry 
has continued to hold a distinct place, classroom practice can prove 
problematic. As Lederman, et ai, (2002) point out, there are considerable 
misconceptions along with na'ive views about the nature of science amongst 
teachers and pupils alike. Consequently, teachers may not be able to articulate 
a clear perspective of their own views about the nature of science nor 
effectively transmit the values underlying science knowledge nor be able to link 
science knowledge with related enquiry activities (Lederman, et ai, 2002). As 
Batholomew, et ai, (2002) argue, for many science teachers, their prime aim in 
teaching science is to develop pupils' understanding of science concepts and 
the nature and methods of science. Consequently the elements of the nature 
of science lie beyond the boundaries of their teaching. 

As a result, as Osborne et al argue, science education has generally failed to 
communicate 'the grand ideas of science'that have both personal and cultural 
significance or to develop a deeper understanding of science (Osborne, et ai, 
2002, p7). As Osborne, et ai, (2003) mention, implementing scientific enquiry 
seems to be a complex process: along with teachers' perceptions and 
intentions about the nature of SCience, there are interrelated factors including 
presentation in textbooks, the national curriculum, school policy and teaching 
methods. This chapter will set out to explore four areas. The first section 
evaluates the views about the nature of science in a historical perspective, 
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along with the contemporary view of science and scientific enquiry in the 
national curricula in both England and Korea. The second section considers 
how educators recommend teaching and assessing scientific enquiry. The third 
section reviews main factors such as the nature of assessment and the actual 
science teachers, who can affect the implementation of scientific enquiry into 
the classrooms. Issues and difficulties in practice between England and Korea 
will also be discovered. Finally, the fourth section evaluates experiences in both 
countries. As an international comparative research, the nature including 
advantages and limitations of the comparative study as well as how TIMSS 
(Third International Mathematics and Science Study) survey has developed 
and contributed to curricula change will be considered. 

2-2 Philosophical perspectives on the nature of science 
There seem to be differences in the notion of the nature of science between 
philosophers, SCientists, the national curriculum and science teachers in the 
classrooms. 

The boundary between natural and social science is not clear. There is a 
longstanding debate about the extent to which there is, or should be, 
similarities and differences between the methods of the natural and social 
sciences (Driver, et ai, 1996). Even within the natural SCiences, there is 
considerable methodological diversity, of which some differences may have 
epistemological implications (Driver, et ai, 1996). For instance, in many 
SCiences, experimentation is an important way of gaining knowledge yet some 
sciences such as astronomy or geology cannot bring study objects into the 
laboratory for processing but planned and structured observation often take 
the place of experiment as a means of testing explanations and predictions 
(Driver, et ai, 1996). In contrast, some sciences such as palaeontology and 
evolutionary biology seek historical explanations rather than experimentation 
and interpret commonly accepted views based on the available historical 
record. Thus, the key methodological challenge for such sciences is to 
legitimate their interpretations of the historical record because experimentation 
is not an option (Driver, et ai, 1996). 

Therefore, as Driver, et ai, (1996) argue, differences in subject matter lead to 
differences in prac~ice, which in turn rest on epistemological differences such 
as 'the multiple natures of sciences'. Driver, et ai, (1996) conclude; 

... the vety fact, however, that we can recognize and talk about a group of 
disciplines as natural sciences implies a measure of similarity and a family 
resemblance. Further, since the sciences have quite distinctive areas of content, 
some of this similarity resides in shared epistemological and methodological 
commitments and institutional practices. It is to this common core of ideas 
about commitments, methods and practices that we refer when talking of the 
nature of science .... (Driver, et at, 1996, p26). 

Thus, alongside the idea of multiple methods in SCiences, this section reviews 
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three prominent views, that of inductivist, the science of objective observation 
and experimentation, Popper's falsification approach and Kuhn's paradigm shift 
including relativist/positivist and contextualism/decontextualism in order to 
have a clear and consistent idea about how science works. 

2-2-1 Inductivist and Empiricist view 
The inductivist view is widely held as a common-sense view of science. This 
secure knowledge comes directly from experience. Induction is the process of 
inferring generalizations from a series of specific observations, 
experimentations and investigations in order to obtain data (Chalmers, 1982). 
Thus, this method is experimental, gathering data and developing from them 
hypotheses and rules. This method can be used in investigating and designing 
experiments that provide answers (Williams, 2006). 

However, it is said that the fundamental problem in generalisation is that unlike 
deductive reasoning, where we start from a set of initial propositions and use 
logical rules of argument to reach a conclusion, we can never be completely 
sure that an inductive generalisation is true (Driver, et ai, 1996). 

Philosophers have amended this view of generalisation. In the twentieth 
century, inductive reasoning has been taken up and developed by the 
philosophical movement called 'logical positivism' (Anderson, et ai, 1986). 
Logical positivism argues that the aim of philosophy is not to establish which 
propositions are true or false, but to clarify the meaning of statements. Such 
statements must be verifiable by observation at least in principle. Scientific 
knowledge is an inductive one with a particular emphasis on verifiability and 
observation. While accepting the. logical problems of induction, logical 
positivists have claimed that using arguments based on formal logic and 
mathematical probability that induction can lead logically to generalisations, 
which are probably true and additional observations, can increase this 
probability (Driver, et ai, 1996). 

However, the inductivist view has also been known to lead to problems 
concerning the meaningfulness of scientific laws and theories. Furthermore, 
logical positivists were never clear about the status of the principle, for if it 
was to be regarded as a meaningful principle, then by its own test it was not, 
or could not be testable or verifiable (Anderson, et ai, 1986). 

Contrasted with the inductivist view of science, there is the Aristotelian 
'deductive reasoning' more akin to 'cause and effect' (Williams, 2006). The 
following section states the deductivist view of science and its limitations. 

2-2-2 Popper's view, hyphothetico- deductive view 
Popper criticised induction by saying it cannot be shown to lead logically to 
true generalisations, or even to ones, which are 'probably true' (Chalmer, 
1982). Popper claimed: 
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... Science is a method of conjecture and refutations - 'a hypothetico- deductive 
approach~ Science progresses by proposing testable hypotheses; these are 
then subjected to rigorous tests in which predictions deduced from the 
hypotheses are compared with observation with a view to falsifying the 
hypotheses (Driver, 1996, p.31) 

Popper argues that science makes progress through the replacement of 
hypotheses by newer ones with greater empirical content, in which are 
included a larger number of observations. Popper solved problems in the 
inductivist approach by stating that science advances by deductive falsification 
through a process of conjectures and refutations. According to Popper, if a 
theory can be shown to be falsifiable then it is scientific, if it is not then it is 
not scientific. Thus, experiment and observations test theories but they do not 
necessarily produce theories (Williams, 2006). 

In consequence, Popper's view is that science does not seek the confirmation 
of its predictions or of the generalisation, but their falsification. As Popper 
argues, scientific theories state the conditions under which they will count 
themselves as having failed. The aim is no longer the inference of 
generalisations from confirmatory evidence (Anderson, et ai, 1986). Rather, it 
is a search for disconfirmation and rejection of conjectural hypotheses. 
Therefore, the history of science is not the story of an accumulating body of 
true generalisations but the heaping up of conjectures, which, as yet, have not 
been refuted (Anderson, et ai, 1986). 

However, there are a number of problems with this falsificationist view. First, 
the view that all experimentation is carried out within a hypothetico-deductive 
context seems narrow, and makes too many assumptions about science 
subjects (Phillips, 1987). Second, it is not always necessary to be struggling 
with falsification in order to progress in scientific knowledge (Phillips, 1987). 
In turn, this view can be criticised in that scientific theories are not 
abandoned simply because of one observation not fitting and scientists are 
also not striVing to falsify their theories (Osborne, et ai, 2003). 

2-2-3 Theory-laden observation and scientific method 
The theory-laden observation becomes a serious challenge both to the 
inductivist and the falsificationist approach with the argument that all 
observation is theory-laden (Driver, et ai, 1996). Observation depends on the 
theoretical commitment of the observers. For example, in the context of 
science teaching, pupils who have seen a diagram of cells in textbooks may 
observe and draw a cell using a microscope differently from those who have 
not because observations depend on the theoretical commitment of the 
observers (Hanson, 1958, quoted in Driver, et ai, 1996, p32). Although there 
are acknowledged difficulties in drawing any clear line between observation 
and theory, theory dependent observations have been known to serve as a 
foundation for science (Matthews, 2003) 
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The falsification approach can also be challenged because it depends on the 
idea that hypotheses can be tested by comparing them with predictions based 
upon observations. Popper then accepted the argument of theory-laden 
observation because these observations themselves incorporate theoretical 
ideas (Driver, et ai, 1996). 

Theory laden observation seems to be accepted as a major scientific method 
along with prediction and experimentation in general. According to Williams 
(2006) a model of how science works has been summarised by using 
observation, prediction, and experimentation in order to develop hypothesis 
and theory, which are commonly agreed and consistently applied to teaching 
science. This theory-laden observation can lead to a hypothesis, which in turn 
can generate predictions. From experimentation, new ideas arise which can 
either lead to further experimentation or a refined hypothesis. Once the 
observations and predictions from hypotheses are consistent a theory may be 
generated (Williams, 2006). Thus, it is said that a theory in science is a set of 
statements or principles devised to explain a group of facts or phenomena that 
has been repeatedly tested or is widely accepted (McComas, 1998). On the 
other hand, scientific laws are generalisations, which describe specific natural 
phenomena and do not explain things and do not change (McComas, 1998). 

These scientific explanations have limitations in covering the development of 
history in science. Kuhn has adopted different models of SCientific explanations 
called 'paradigm shift~ which are better suited to the evidence. The Following 
describes Kuhn's revolution. 

2-2-4 Kuhn's revolution 
Kuhn was initially known as a historian with an inductivist view of science. 
However, Kuhn found that traditional accounts of SCience, whether inductivist 
or falsificationist, did not bear comparison with the historical evidence of 
science (Chalmers, 1982). 

Kuhn regarded science as a way of life: normal science and revolutionary 
science as a history of stability, homogeneity and continuity as well as one of 
conflict, disruption, fission and change (Anderson, et ai, 1986, p249). 
According to Driver et ai's summary, a key feature of his theory is the 
emphasis placed on the revolutionary character of scientific progress, where a 
revolution involves the abandonment of one theoretical structure and its 
replacement by another, incompatible one (Driver, 1996, et ai, p.35). 

One of Kuhn's distinctive approaches is known as a paradigm shift. The 
disorganised and diverse activity that precedes the formation of science 
eventually becomes structured and directed when a scientific community 
adheres to a single paradigm. The paradigm is made up of the general 
theoretical assumptions and laws and the techniques of the application that 
the members of a particular scientific community adopt (Chalmers, 1982). 
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Kuhn also proposes two distinct types of scientific activity. One is called 
'normal science'. This is the kind of science practised by most scientists most of 
the time. It involves working within existing frameworks of theory and practice, 
articulating the implications and working out further applications of the 
accepted theoretical ideas in that branch of science (Chalmers, 1982). From 
time to time, anomalous results may begin to accumulate in a branch of 
scientific activity. If it is impossible to accommodate these within the current 
theoretical framework, they will precipitate a crisis in the field. This is 
eventually resolved when an alternative theory emerges and is accepted by the 
community of practitioners in the field. This change, which can occur over a 
relatively short period, Kuhn called 'scientific revolution' (Chalmers, 1982). 

However, the new model does not completely disregard the previous model 
and the two can co-exist to some degree (Williams, 2006). Critics are keen to 
point out the weakness of Kuhn's theories by challenging him that his 
suggestion does not represent progress and does not lead to a change of 
normal science (Chalmers, 1982). Thus, there is a problem in defining 
'scientific progress' (Anderson, et ai, 1986) 

To sum up, there are three prominent perspectives concerning the nature of 
science, yet, even these have limitations in explaining different aspects of 
science. With philosophical perspectives, there are also different ways of 
interpreting scientific facts, laws and theories about natural world such as 
instrumentalism/realism, relativism/positivism and contextualism/ 
decontextualism. . 

2-2-5 Instrumentalism/Realism, Relativism/Positivism, 
Contextualism and Decontextualism 

In the view of instrumentalism, there is a sharp distinction between concepts 
applicable to observable situations and theoretical concepts. Thus the aim of 
science is to produce theories that are convenient devices or instruments for 
connecting one set of observable situations with another (Chalmers, 1982). 
Therefore, scientific theories are useful if they lead to predictions being 
derived from observations and experience and nothing more than sets of rules 
for connecting one set of observable phenomena with another. However, there 
is no claim that the entities and processes correspond to anything in the world 
(Driver, et ai, 1996). 

The counterpart of instrumentalism may be the term realism which typically 
involves the notion of truth describing science as that which aims at true 
descriptions of what the world is really like (Chalmers, 1982). Thus, this 
realism corresponds to the traditional view of science that links reality directly 
to observation. According to Driver, et al (1996), scientists are usually 
characterised by an unproblematic, commonsense realism mentioning that 
science is taken to be an attempt to obtain knowledge of a real, phYSical, 
external world, which behaves as it does quite independently of our views 
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about it (Driver, et ai, 1996, p40). 

However, the idea that science aims at a true characterisation of reality is often 
used as a counter to relativism which is the view that any and all explanations 
are equally valid or worthy and that truth is merely a matter of opinion with 
there being no way for one to determine which opinion or explanation is more 
accurate more likely to be correct, better supported and reasoned (Chalmers, 
1982). 

Therefore, when scientists consider one explanation is better than the other, it 
is because it is more consistent with known -natural processes, and has more 
data to support the evidence and has more reliable or greater predictive power 
and has fewer anomalies or exceptions left unexplained (Anderson, et ai, 
1986). 

The counterpart of relativism may be the term positivism, originally ascribed to 
Comte, and which developed into logical positivism already mentioned in the 
inductivist section. Comte's central positivist claims were that science is the 
highest form of knowledge and there is one scientific method common to all 
science. Positivism recognises empirical facts and observable phenomena as 
the raw material of science whilst rejecting enquiry into underlying causes and 
ultimate origins (McComas, 1998). 

Therefore, positivists need a sharp distinction between observational 
statements and theoretical statements, which are regarded as 'meaningless' 
(McComas, 1998). The search for a distinction between observation and theory 
has been adapted by some positivists themselves or rejected because of the 
theory-Iadeness of observation (Anderson, et ai, 1986). As has been 
mentioned in the inductivism section, the positivist view of science has been 
revised to become the logical positivism of the 20th century being brought in 
by the empiricist tradition, which Comte refused (Anderson, et ai, 1986). This 
view thus implies that knowledge is divided into theoretical and observable 
knowledge and that theoretical concepts and sentences must be defined in 
observational terms (Anderson, et ai, 1986). 

In terms of the values and the context of science, there is a strand regarding 
the relationship between social, cultural and educational contexts, which is 
characterised by their own aims and values (McComas, 1998). This strand has 
disregarded a traditional account of SCience, which advocates strong neutrality 
for science and portrays it as a valued independent activity aimed at the 
discovery of truths about the world (McComas, 1998). Thus, contextualism 
suggests that the values of science are dependent on the use, sources, power 
and consequence within the relationships of social, cultural and educational 
contexts. McComas (1998, p312) explains that contextualism implies that how 
one looks at things will determine, to some extent, which view most accurately 
reflects what scientists do. Consequently, science research may contrast with 
the traditional idea that in SCience, one proceeds from hypothesis to discovery 
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in a linear fashion, guided by method and logic yet some science does conform 
to that traditional model. All the edge of knowledge, however, method and 
logic are insufficient, intuition and creative insight become just as important. 
Moreover, scientists frequently find themselves taking unplanned journeys to 
unexpected places, realising only later just what it is that they have discovered. 
Because experimental conditions cannot be controlled completely, unexpected 
but important results sometimes occur in all aspects of research (McComas, 
1998). Decontextualism is the counterpart of contextualism that is that 
sCientific knowledge and processes are independent of the cultural and 
sociological location (Nott & Wellington, 1993). 

As shown above, there are variations in views and much ongoing discussion 
about the nature of science amongst scholars (Driver, et ai, 1996). Thus, it is 
necessary to understand the philosophical perspectives of science in order to 
portray real science and how science works in order to improve the public 
understanding of science. Thus, the perception of science as being able to 
offer clear-cut answers to all problems or proof to all arguments can be 
changed to a more acceptable concept of science as still having areas of 
tentativeness but still be dynamic (Williams, 2006). 

Although there is little agreement on the views about the nature of science, 
the following are some contemporary views of science in relation to the extent 
of consensus within the relevant communities. Then, on the basis of the 
contemporary Views, what science educators refer to as the nature of science 
and scientific enquiry, their inter-relationship and their importance in science 
education are discussed. 

2-3 Contemporary perspectives on the nature of science 
Despite little agreement amongst philosophers, historians and sociologists on a 
specific definition about the nature of SCience, there is a general agreement 
within the current post modern view that acknowledges science as a human 
endeavour, culture reliant, directed by theory and empirical observation and 
subject to change as follows (Driver, et ai, 1996). 

Scientific knowledge is tentative 
Scientific knowledge is empirical 
Scientific knowledge is theory-laden 
Scientific knowledge is partly the product of human imagination and creativity 

(Schwartz, et ai, 2004, p.7) 

From this contemporary perspective, the nature of science refers to the 
epistemology of science, science as a way of knowing or the values and beliefs 
inherent to the development of scientific knowledge (Abd-EI-Khalick, et ai, 
1998, p418) 

Then, Abd-EI-Khalick, et al (1998, p418) as science educators have generalised 
the nature of SCience, adding two important aspects to the above four 
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statements: Two additional important aspects are the distinction between 
observations and inferences and the functions of and relations between 
scientific theories and laws. Therefore, science educators generally recognise 
the contemporary view of science and the importance of teaching the nature 
of science and scientific enquiry as a core of scientific literacy, which refers to 
one's understanding of the concepts, principles, theories and processes of· 
science and one's awareness of the complex relationships between science, 
technology and society (Abd-EI-Khalick, et ai, 1998, p418). Schwartz et ai, 
(2004) have also supported the importance of this by mentioning that without 
understanding the values and assumptions of the knowledge and the process 
by which knowledge is created, the learner can do little more than construct 
an image of science conSisting of isolated 'facts' void of context that would 
make the knowledge relevant and applicable (Schwartz, et ai, 2004, p2). Thus, 
scientific literacy is portrayed as the ability to make informed decisions on 
science and technology based issues and is linked to a deep understanding of 
scientific concepts, the process of scientific enquiry and the nature of science 
(Lederman and Bell, 2003). 

The term 'scientific enquiry' refers to 'the methods and activities that lead to 
the development of scientific knowledge'(NRC, 1996, p23, quoted in Schwartz, 
et ai, 2004, p3). Thus, scientific enquiry comprises the characteristics of 
scientific enterprise and the processes by which scientific knowledge is 
acquired, including the conventions and ethics involved in the development, 
acceptance and use of scientific knowledge (Schwartz, et ai, 2004). In an 
authentic context, scientific enqUiry is that which scientists conduct in 
everyday practice (Schwartz, et ai, 2004). Thus, scientific enquiry can vary as 
much as the method of scientific enquiry itself because scientists use various 
ways to find their scientific knowledge (Osborne, et ai, 2002). 

At this point, it seems to be necessary to distinguish between the terms 'the 
nature of science' and 'scientific enquiry' although there is an overlap and 
interaction between the two. For example, observing and hypothesising as 
scientists conduct their everyday practices refer to scientific enquiry activities 
or science processes. Relating this to the nature of science includes the 
understandings that observations are imaginative and creative and that both 
activities are inherently theory-laden (Kshife and Abd-EI-Khalick, 2002). 
Likewise, the nature of science is less meaningful when separated from the 
process of science. For example, learning a statement concerning the nature of 
science such as 'science is tentative' may give words but it does not provide 
meaning to those words (Schwartz and Lederman, 2002). Similarly, learning 
how to make careful observations is an important science process skill but 
such a skill does not automatically lead to understanding the logic of 
observation (Schwartz, et ai, 2004). Therefore, scientific enquiry is a context 
for learning the nature of science. So it would be necessary to develop a better 
understanding of the nature of science as a result of engagement in enquiry 
activities or science process skills instruction (Schwartz, et ai, 2004). 
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To sum up, although there has been little agreement about the definition of 
the nature of sCience, there is a general consensus concerning the 
contemporary view of science. Although there is no clear-cut boundary 
between the nature of science and scientific enquiry together, they form the 
core of scientific literacy as they overlap and have close interaction. The 
following section will explore how the National Curricula in both England and 
Korea describe scientific enquiry and will include the elements of the nature of 
science as set out in the aims and the content areas. 

2-4 Scientific enquiry in the national curricula of England and Korea 
Coupled with the demands of a changing society and of improving the quality 
of education, both curricula put emphasis on the nature of science and of 
scientific enquiry. Thus, one of the aims of science education in both countries 
is to nurture future citizens who are able to understand not' only advanced 
science and technology but also to understand how that knowledge has 
developed (NCC, 1999, quoted in MOE, 2001b). Therefore, the current 
emphasis on scientific literacy extends beyond the boundary of the 
conventional national curricula and calls for knowledge of scientific concepts 
and methods of scientific investigations as well as understanding tenets of 
scientific enquiry and the nature of SCience, which are at the core of science 
literacy (NRC, 1996, quoted in Schwartz, et ai, 2004) 

According to Driver, et ai, (1996), there should be three elements of science in 
the science curriculum: Firstly, 'understanding some aspects of science 
content involving an understanding of some of the facts, laws, concepts and 
theories, which make up accepted scientific knowledge about the natural world. 
Secondly, 'understanding scientific enquiry' involves the ability to define 
'scientific study'. This involves not only an understanding of empirical enquiry 
procedures, but also of the role of theoretical and conceptual ideas in framing 
any empirical enquiry and in interpreting its outcome (Driver, et ai, 1996, p12-
13). Thirdly, 'understanding science as a social enterprise involves an 
understanding of social organisation and the practices of science, whereby 
knowledge claims are transmuted into public knowledge, and of the influence 
of science on the wider culture (Driver, et ai, 1996, p13). 

In the National Science Curriculum in England (ENSC), scientific enquiry is 
defined as a process of science as shown in Table 1. The scientific enquiry 
area in the ENSC comprises 'ideas and evidence' and 'investigative skills'. 
'Ideas and evidence' is a distinctive strand in scientific enquiry referring to 
interplay between empirical questions requiring evidence and scientific 
explanations using historical and contemporary examples (OCR, 2003; 
www.nc.uk.netl). Ideas and evidence are also mentioned to test explanations 
by using them to make predictions and by seeing if the evidence matches the 
predictions (OCR, 2003; www.nc.uk.netl). 
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The area of investigative skills comprises 'planning', 'obtaining and presenting 
evidence', 'considering evidence' and 'evaluating' (OCR, 2003; www.nc.uk.netl) . 
This scientific investigation includes using scientific knowledge to plan and 
decide the appropriate approach, deciding uses of evidence, carrying out 
preliminary work, considering factors, deciding the extent and range of data to 
be collected. This also involves skills with equipment including ICT and making 
sufficient relevant observations and measurements to reduce errors. Also, ski lls 
of communication quality such as handling data, diagrams, and charts and 
tables are required. Moreover, this requires the use of diagrams, tables and 
charts to identify and describe patterns or relationships in data as well as using 
scientific knowledge and understanding to explain and interpret observations 
and measurements or other data. Finally this involves considering anomalies in 
observations or measurements and considering whether the evidence is 
sufficient to support any conclusions or interpretations made as well as 
suggesting improvements to the methods used (OCR, 2003; www.nc.uk.netl). 

Therefore, the ideas and evidence seem to be important elements of the 
nature of science encouraging development of an understanding of the nature 
and limitations of scientific endeavour through historical and contemporary 
contexts (Ratcliffe, et ai, 2004). In addition, 'the ideas and evidence' also 
explore not only 'what we know' but 'how we know' (Ratcliffe, et ai, 2004). 

Table 1 Scientific enquiry is defined as a 'process of science' (OfES, 2001) 

* Test out ideas 
experimentally 

* Develop practical skills 
* Appreciate the 

importance of 
mental evidence 

* Fair tests involving the control of 
variables 

* Using experimental models and 
analogies to explore an explanation, 
hypothesis or theory 

* Pattern seeking 
* Using first hand and secondary sources 

of information 
* Identification and classification 
* Using and evaluating a technique or 
technological application 

In the Korean National Science Curriculum (KNSC), emphasis is also put on 
scientific enquiry as a process of learning science declaring 

'... evety science lesson should be taught as a process of enquity' 
(MOE, 2001b). 

However, it does not mention detailed activities and the content of scientific 
enquiry for pupils. Instead, the KNSC includes more basic enquiry and less 
integrated enquiry for year 7 pupils whilst more integrated enquiry and less 
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basic enquiry for year 8 and year 9 pupils (MOE, 2001b). The following shows 
the classification of scientific enquiry mentioned in the national curriculum. 

Table 2 Scientific enquiry in the Korean National Science Curriculum (KNSC) 

Integrated 
enquiry 

Enquiry 
activities 

Observation, classification, measurement, prediction, reasoning 

Finding problems, Setting up hypothesis, Transformation of information, 
Interpretation of data, Controlling factors, Drawing conclusions, 
Generalisation 
Investigation, Discussion, Research, Presentation, Field trips 

The term scientific enquiry is used differently in KNSC as it refers to a 
narrower range of processes and a more restricted method of acquiring 
scientific knowledge by the mixed use of enquiry based instruction. Thus, 
scientific enquiry in the classroom encompasses conceptual reasoning and 
experimental enquiry through problem solving, investigative works and in 
doing science projects (Sung M W, 1994). 

According to the MOE report (2001b), the ih National Curriculum has 
recommended enquiry-based instruction in the science classroom. Enquiry 
based instruction as the problem solving process, enables pupils to raise 
questions and leads them to explore the question. As cognitive activity occurs 
within learners, it is called enquiry-based instruction no matter what type of 
instruction is used (MOE, 2001b). 

According to Sung M W (1994), enquiry based instruction was originally 
employed as a teaching methodology in contrast to a teacher centred way of 
imparting knowledge to pupils. This teaching methodology comprised not only 
laboratory activities but also questions and discussions in order to acquire 
scientific knowledge (Sung M W, 1994, P82; Sung M W, et ai, 2000). Thus, this 
included investigative and research processes, comprising student centred, 
conceptual enquiry and open-ended enquiry activities such as experimentation, 
prediction, investigation, discussion and interpretation (Sung M W, et ai, 2000). 
Therefore, scientific enquiry-based instruction is a teaching methodology to 
achieve understanding of science, to enhance problem solving ability, to 
acquire skills and practices, and to foster scientific literacy (Sung M W, et ai, 
2000). This enquiry-based instruction can apply not only to the science 
subjects themselves but also to other subjects in the school curriculum (Sung 
M W, 1994, p82). 

The following figure 1 shows types of enquiry-based instruction suggested by 
the MOE. 
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Figure 1 Types of enquiry based instruction in science 
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To sum up, both national curricula seem to reflect the contemporary view of 
science emphasising scientific literacy but they may have to show a· rather 
narrower range than in authentic and real science. As mentioned above, 
scientific enquiry as the methods and activities of science in the real world are 
varied; scientific enquiry in school science should be diverse rather than one 
way such as ' control variables' as it is in the ENSC (Osborne, et ai, 2002). 

In addition, scientific enquiry in the KNSC is described as being in line with the 
contemporary view of science as it includes the understanding of the nature of 
science, skills of enquiry and the understanding of science related to the STS 
(Science and Technology and Society) context, as well as having enquiry-based 
instruction as a teaching methodology in the aims of the KNSC. Yet, the 
curricular content does not include the elements of the nature of science or 
scientific enquiry. 
The 'ideas-a bout-science' in the ENSC appear to be more comprehensive and 
embrace a wider . range of issues in contemporary science. They include not 
only the aspects of the nature of science but also the social influences on 
science and technology, the maturity of casual links, risk and risk assessment 
and the impact of STS (Osborne, et ai, 2002). The term 'scientific enquiry' 
(Sc1) in ENSC comprises the elements of the nature of science in the aims of 
the curriculum and in the area of 'ideas and evidence'. The comparison 
between curricula will be explored in more detail in chapter 4. 

The following section will consider the ways in which science educators have 
encouraged the teaching of the elements of the nature of science and 
scientific enquiry. 

2-5 Ideal approaches in teaching scientific enquiry 
As Batholomew, et ai, (2003, p6) have mentioned, school curricula are 
'simplified and vulgarised components of science' to the extent of consensus 
with the relevant communities. There is a gap between school science and 
authentic science in the real world and the ways in which scientists are able to 
learn from each other and extend the boundaries of scientific knowledge by 
using scientific enquiry. During the procedure of transferring from an authentic 
context of science to school science in the curricula there has often been an 
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alteration in terms of the nature of science such as the tentativeness of the 
findings for the time being, being changed into definite truth and a variety of 
scientific methods into a single method such as controlling variables because 
of difficulties in having an authentic context for the science (Osborne, et ai, 
2002). Nevertheless, it is necessary for school science to reflect science in the 
real world by considering how to determine the nature of scientific knowledge, 
the method of science and processes and practices of a scientific community 
with a consideration of the applications and implications that should form an 
essential component of the school science curriculum (Batholomew, et ai, 
2003). 

There are two ways of teaching the nature of science and scientific enquiry: 
one is the 'implicit approach' and the other is the 'explicit pedagogical 
approach' (Schwartz, et ai, 2004). Implicit messages about the nature of 
science can be communicated in any science lesson whether it involves enquiry 
activities or not, because views of the nature of science are an inherent part of 
all science content (Swartz & Lederman, 2002). The implicit approach relies on 
implicit messages within acts of enquiry. Enquiry activities alone develop the 
nature of science aligned with accepted contemporary views (Khishfe & Abd
EI-Khalick, 2002). In fact, many elements of sCientific enquiry can be learnt by 
the implicit approach because many scientific enquiry elements include tacit 
knowledge such as process skills (Woolnough, 1991). Thus, enquiry oriented 
activities and projects can be a natural way to teach about science and the 
nature of science, providing pupils have opportunities to engage in activities 
that parallel those of scientists (Schwartz & Lederman, 2002). 

However, research has consistently shown that the impliCit approach is not 
effective in helping learners develop informed views about the nature of 
science ((Schwartz & Lederman, 2002). It is also said that traditional curricula 
adopted the impliCit approach to most of the 60s and 70s curricula, yet the 
enquiry oriented curricula was no more effective than a traditional text book 
centred curriculum enhancing pupils' views about the nature of science 
(Khishfe & Abd-EI-Khalick, 2002). 

Much research has supported the explicit and reflective approach of teaching 
the nature of science. This approach intentionally draws learners' attention to 
aspects of the nature of science through instruction, discussion, guided 
reflection and specific questions in the context of activities, investigations and 
historical examples (Schwartz, et ai, 2004). Thus, in this approach, teaching 
about the nature of science is done in a similar manner to teaching about any 
other cognitive learning outcome (Schwartz, et ai, 2004). More recently 
reflective elements have been given prominence within the explicit approach, 
which involves the application of tacit knowledge in the context of activities, 
investigations and historical examples (Schwartz & Lederman, 2002). Other 
research also suggests the importance of the reflective manner of teaching the 
nature of science proposing that learners are introduced to certain aspects of 
the nature of science, and then, provided with structured opportunities to 
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reflect on these aspects in the context of activities or science content and then, 
to articulate and develop coherent overarching frameworks about the nature of 
science (Kshishfe and Abd-EI-Khalick, 2002). Batholomew, et ai, (2003) stress 
the explicit and reflective approach mentioning: 

The elements of the nature of science as well as practice and processes of 
science should be taught explicitly as a manner of teaching science concepts 
because developing and understanding practices and processes of science is a 
reflective endeavour. (Batholomew, et at, 2003, p6). 

Therefore, both impliCit and explicit approaches can be ways to transfer 
implicit and explicit messages about the nature of science and scientific 
enquiry yet the explicit and reflective approach is a more desirable way to 
teach the elements of the nature of science with tacit knowledge enquiry 
activities (Bell, et ai, 2003). As a way to attempt to achieve pupils' reflection, 
science educators suggest argumentation as a counterpart of a practical task 
in science teaching (Osborne, et ai, 2003). As Osborne, et ai, (2003) argue, 
the teaching context is an integral part of thinking and reasoning in order to fit 
the argumentation in to the classroom activity. The thinking process is 
interwoven with the context of the problem being addressed and the problems 
are defined by answers, in turn, the answers are helping to shape other 
problems. 

Thus, science lessons can incorporate scientific enquiry activities and explicit 
instruction concerning the nature of science and guided reflections (Schwartz, 
et ai, 2004). Then the developing adequate understanding of the nature of 
science and scientific enquiry can ultimately be linked to the overarching goal 
of scientific literacy (Bell, et ai, 2003). 

As mentioned above in section 2-1, most science teachers in practice only 
consider the development of an understanding of science concepts and the 
methods of science as being essential (Batholomew, et ai, 2002). The area in 
which the science content is interwoven with the relevant views of the nature 
of science and scientific enquiry activities as well as with contemporary social 
issues seems to be extremely marginal in the conventional classroom. 

There may be a three-fold obstacle in implementing these necessary aspects 
of science. The first is derived from science teachers' belief about SCience, 
their intention to implement these aspects of science, their lack of knowledge 
about the nature of science and so on. The second is derived from 
transmitting the nature of science and scientific enquiry to their pupils. The 
third is derived from the national curriculum and assessment. Therefore, the 
following sections 2-6, 2-7, 2-8 and 2-9 will explore major stumbling blocks in 
implementing the nature of science and scientific enquiry into the classroom. 

2-6 Obstacles related to science teachers 
Research has identified a fundamental difficulty in implementing the nature of 
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science and scientific enquiry into the classroom and argued that many science 
teachers themselves have had an education, which has largely ignored the 
epistemic base and the nature of its own discipline (Batholomew, et ai, 2003, 
pS). Lederman, et al (2002) stress that teachers have rarely been educated to 
learn how science functions in their own studies, which has resulted in most 
science teachers having na'ive conceptions about the nature of science. 

An additional difficulty is that the understanding of the nature of science and 
scientific enquiry has undergone a significant transformation as a product of 
the growing and burgeoning studies, which may cause science teachers' 
problems in understanding (Batholomew, et ai, 2003). 

There has been much controversy in relation to the teachers' views of the 
nature of science and teachers' teaching practice in the classrooms. The 
research has revealed that even if teachers have a closer concept of the 
contemporary view of science, they rarely consider the nature of science when 
planning lessons or making instructional decisions (McComas, 1998; Lederman, 
1999). Lederman (1999) has added that even if less experienced teachers 
show an interest in the nature of science, they felt that they were not ready to 
take on the challenge (Lederman, 1999). Ledeman (1999) continued that 
neither experienced teachers nor novice teachers intentionally attempt to 
teach in a manner consistent with their perceptions of the nature of science. In 
other words, teachers hardly attempt to teach in a manner consistent with 
their perceptions of the nature of science even if they have desirable 
perceptions about it. Therefore, implementing the nature of science and 
scientific enquiry into the classroom seems to more than understand the 
contemporary view of science. Teachers may also find more difficulty in 
incorporating their understanding of contemporary views about nature of 
science with the subject matter including content knowledge and enquiry 
activities. 

However, Batholomew, et ai, (2003) made the point that a teacher's 
understanding of the nature of science is only one of many factors that 
contribute to what these teachers actually do and feel when attempting to 
teach the nat"ure of science and scientific enquiry (the core theme of 'ideas
about-science') and that teachers' conceptions and understanding of the 
learning goals were the more significant factors than teaching style. Other 
research shows that even though teachers have enough flexibility within the 
curriculum's constraint, they do not integrate scientific enquiry into their 
teaching (Schwartz, et ai, 2004). 

Nevertheless, when teachers teach science, they are not only imparting 
scientific knowledge but also demonstrating scientific ways of questioning, 
thinking, handling and facing particular problems (McComas, 1998). Likewise, 
teachers' demonstrations perform an important illustrative role of the nature of 
phenomena and the scientific worldview as well as teachers' laboratory 
activities convey much about science processes and construction of knowledge 
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(Osborne, et aI, 2002). Therefore, despite many controversial arguments about 
teachers' vieV\fs about the nature of science in implementing the nature of 
science, there is an agreement that teachers' views about the nature of 
science influence their decisions about how they plan, teach and assess. For 
example, if a teacher has inductivist views, he will regard theories as truths 
uncovered through rigid experimentation and his intent of instruction in the 
classroom will be for students to learn such truth (McComas, 1998). The 
teacher may tend to perceive scientific processes as inductive so that 
laboratory instruction will include precise procedures to acquire the right 
answer. In consequence, the assessment of students' performances will put 
the emphasis on results and the scientific processes will be neglected. If a 
teacher regards scientific knowledge as a result of human endeavour, the 
teacher may introduce a story about something interesting happening or as a 
way of thinking and talking about it as a point of view: what is being said in 
history and what those people had in mind, which students see it that way or 
what they can check at the laboratory bench (Millar & Lubben, 1996). 

Therefore, in order to integrate the nature of science, teachers need to expand, 
enrich and elaborate their own knowledge systems so that they are enabled to 
translate their knowledge and intentions into practice (McComas, 1998). 
Teachers need to improve their view of the nature of science and the way in 
which they translate their understanding of the nature of science and 
internalise their view of the nature of science. Then, they also need to develop 
instructional skills and abilities to transform their knowledge into classroom 
practice (Schwartz, et aI, 2004). Schwartz, et aI, (2004) conclude that the 
realisation of and the ability to teach about the nature of science encompasses 
teachers' own learning, and teaching the nature of science includes knowledge, 
belief, intentions and pedagogical skills concerning the nature of science that 
enables a teacher to address it within the teacher's everyday science 
instruction in a manner that weaves the nature of science with other subject 
matter (Batholomew, et aI, 2003; Schwartz, et aI, 2004). Much research has 
shown the difficulties teachers have confronted as they teach the nature of 
science and scientific enquiry. According to Millar (2003), many science 
teachers do not yet fully know how investigative skills can be learned 
effectively, or what the teacher can contribute to this process in the area of 
scientific enquiry. Teachers also may find difficulty in explaining about the 
generation of knowledge, why a particular proposition is deemed warranted, 
why it is worth knowing and how it relates to other propositions both within 
the discipline and without (McComas, 1998). According to other research, 
teachers who have relatively poor knowledge about the nature of science, 
show loose connections to enquiry-based activities and the content of the 
nature of science. These teachers also tend to have difficulty in fitting and 
accommodating the contemporary view about the nature of science with their 
existing knowledge of science (Schwartz, et aI, 2004). Thus, the depth of 
understanding about the nature of SCience, subject matter knowledge and the 
perceived relationship between the nature of science and scientific knowledge 
affects the teacher's own learning and teaching of the nature of science in 
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spite of indirectly transferring the nature of science knowledge into 
instructional behaviour (Bell, et ai, 2003; Schwartz and Lederman, 2002; Kim 
H K and Song J W, 2004). 

To sum up, the implementation of the contemporary view of science into 
practice is a complex process. There are difficulties stemming from teachers 
because many teachers have rarely been educated in this way and the 
discipline itself is relatively new to them. Thus, teachers may need to improve 
their own understanding to be able to integrate into their subject matter their 
own knowledge in terms of views, beliefs and instructional skills. The whole 
process encompasses learning and teaching about the nature of science and 
scientific enquiry. 

The following considers difficulties related to teaching in the classroom such as 
experimentation, investigation and discussion and practical work. 

2-7 Difficulties related to teaching scientific enquiry 
This section includes the difficulties imbedded in teaching science knowledge 
and scientific enquiry and in doing practical work. It also seeks to clarify the 
terms: practical work, experiment and investigations. Also to be considered will 
be difficulties in teaching by experiment and investigation as well as the 
advantages of teaching by argumentation. 

There is a tendency to consider practical work as scientific enquiry. According 
to Wellington (1998), teachers and pupils need to become clearer about the 
range of the different types of practical work and the purposes they serve. 
Wellington (1998) suggested using three categories: exercises, experiences 
and investigations and that each type of practical work serves a different 
purpose with different types and different aims. The term experiment 
comprises exercises and experiences contrasted with the term investigation. 
Thus, the aim of experimentation is mainly for understanding scientific 
concepts in the classroom whilst the aim of investigation is mainly for 
enhancing pupils' investigative skills or inquiry ability (Wellington, 1998). 

However, the term practical work seems to be used in a mixed sense: Often, it 
has been used as an integration of the three categories such as investigation, 
experimentation and teachers' demonstration and sometimes, practical work 
indicates only experimentation. There is no relevant word for practical work in 
Korean terms. Similar terms, experiment, exercise, research and investigation 
are used in the Korean National SCience Curriculum (KNSC). However, in this 
study, the term practical work is used as an integration of the three categories 
investigation, experimentation and teachers' demonstration. 

As mentioned above, the purpose of experiments is mainly seen by teachers to 
help give an understanding of scientific knowledge and to promote conceptual 
understanding by allowing pupils to visualise the laws and theories of science 
(Wellington, 1998). Wellington argues that practical work is motivating and 
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exciting so that it helps learners to remember things. In addition, through this 
practical work, pupils develop not only manipulative or manual dexterity skills, 
but also promote a higher level of transferable skills such as observation, 
measurement, prediction and inference (Wellington, 1998). However, Osborne, 
et ai, (2003) point out, that there is a significant imparity in terms of the 
activity of practical work and the need for reflection upon scientific knowledge. 
Kind (2003b) supports this mentioning 'doing is sometimes contrasted with 
knowing' which is a similar contrast between working in the laboratory and 
reading and studying in the classroom (Kind, 2003b). The latter is regarded as 
using knowledge and understanding while the former is seen as using skills. 

'Investigation' often involves a practical task, which the student undertakes 
without detailed instructions and it relates to reasoning and experiment 
(Wellington, 1998). The students thus have to make some decisions about 
which apparatus to use, the measurement to make, and how to interpret data 
in order to answer a given question rather than simply follow 'a recipe' like 
procedure (Millar, 1989). 

However, in practice, it becomes a recipe by following a procedure. Sometimes, 
students are supposed to practise similar patterns of investigative works in 
order to familiarise themselves with processes of standardised assessments. In 
this case, the investigative work in school tends to be developed around 
specific types of task and followed by a theoretical framework with a focus on 
scientific skills (Kind, 2003a). Consequently, it may not be an investigation in a 
real sense because students have already known the results of the task. 

As Oh P S & Shin M K (2005) suggested, investigation can be helpful to 
develop pupils' cognitive abilities as well as giving them time to think by 
themselves which can be an antidote complement to the above tendency by 
offering variety of content and context. This is because the method involves 
higher-level thinking tasks such as identifying information relevant to their 
research as well as even within a lesson it can provide pupils with a personal 
challenge and essential time for reflection and discussion. Pupils may extend 
and adapt their knowledge and understanding, and their skills and attitudes by 
experiencing a variety of methods and approaches (Osborne, et ai, 2003). Yet, 
in pupils' construction of knowledge, by relating previous knowledge and the 
new knowledge produced by investigation requires much time and evolves 
slowly (Woolnough, 1991). For these reason so many teachers avoid this way 
of teaching. 

In practice, the elements of scientific enquiry are often embedded in scientific 
knowledge and its context of teaching rather than being scientific enquiry by 
itself (Wellington, 1998). Thus, teaching scientific enquiry is difficult to identify 
in classroom activity (Wellington, 1998). Teachers often regard scientific 
enquiry as doing practical work or doing experiments and investigations 
followed by instruction in the laboratory or in the science classroom 
(Wellington, 1998). 
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However, Khishfe & Abd-EI-Khalick (2002) argue that engaging in enquiry and 
learning about science and process skills are often not equivalent to learning 
about the nature of science. Indeed, much research has shown mismatches in 
the link between understanding ideas, process skills and the relevant views 
about the nature of science (Khishfe & Abd-EI-Khalick 2002; Osborne, et ai, 
2003; Kind, 2003b). This is because teachers tend not to make the assigned 
skills an explicit aim of practical work or reflect on the investigative actions 
through discussions and pupils' own explanations. Osborne, et ai, (2003) 
suggest a reflective manner in teaching in order that meaningful learning can 
take place, which links ideas to investigative skills. Teachers should encourage 
students to do a task and to think what they are doing. 

Therefore, one of the attempts to build bridges between understanding and 
doing in the laboratory can be by making a link between experiments in the 
science classroom and experiments in real science depending on pupils' 
understanding of various aspects relevant to the task (Kind, 2003b). 

To sum up, as mentioned above, implementing the nature of science and 
scientific enquiry seems to be a complex process: along with teachers' 
perceptions and intentions about the nature of SCience, various factors are 
inter-locking between textbooks, the national curriculum, assessment-driven 
teaching practices and so on. As Osborne et ai, (2002) argue, this process 
brings changing cultures that form and mould a teacher and is a much harder 
task than simply changing the curriculum. 

The following section will explore difficulties with related subject matters such 
as the national curriculum, policies and classroom practice. Batholomew, et ai, 
(2003) make the point that teachers' understanding about the nature of 
science is only one of many factors that contribute to what these teachers 
actually do and feel when attempting to teach the core of the nature of 
science and that teachers' conceptions and understanding of the goals are the 
more significant factors. Thus, the learning objectives about the nature of 
science are often subjugated by constraint of the curriculum, classroom 
management, lack of time and student engagement with the topic 
(Batholomew, et ai, 2003). 

2-8 Obstacles related to subject matters 
In this section, difficulties resulting from the aims, content and teaching of the 
national curriculum as the main context of teaching science in classrooms will 
be considered. 

Firstly, as already dealt with in section 2-4 and 2-5, the national curriculum 
places an emphasis on the nature of science and scientific enquiry but 
.teaching the nature of science has not been the goal of the curricula so the 
school curriculum does not explicitly include the nature of science (Osborne, et 
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ai, 2003). Thus, the asserted purpose or aims of the curriculum remain 
extremely marginal in the classroom. Research shows that many science 
teachers indicate the aims of science education as the development of an 
understanding of science concepts and the nature of the methods of science. 
The rest lies beyond the boundary of teaching science in the classroom 
(Osborne, et ai, 2003). In fact, the national curricula in both countries mention 
'everyday application' and the relationship of STS (Science-Technology-Society) 
to the aims, yet the curricula do not properly incorporate this into the 
curriculum content (MOE, 2001b; DfES, 2002). There is also evidence of a 
place for history and philosophy of science in science teaching in the ENSC 
(Duschl, 1990, quoted in Osborne et ai, 2003). Therefore, there is a still a 
large gap between policy and practice although the inclusion of scientific 
enquiry as a separate strand in the National Curriculum in England (ENSC) has 
raised its profile and the importance of it in the curriculum (Batholomew, et ai, 
2003). 

Secondly, although school science has been vulgarised and simplified in the 
curriculum content it should be relevant to reflect science in the real world 
(Batholomew, et ai, 2003). During the transmitting of the content, it becomes 
more narrowly focused on 'what we know' rather than 'how we know'. As a 
result of this deliberation, the tentativeness of scientific knowledge or its social 
dimensions are perceived essentially marginal to science teachers (Duschl, 
2000). Consequently, conventional science has placed much emphasis on 
scientific knowledge and neglected understanding about the methods and 
processes as well as the nature of science. The crux of the matter is that 
science teaching and textbooks emphasise the factual content of science to the 
near total exclusion of the knowledge generation process (Osborne, et ai, 
2003). 

In addition, the simple curriculum reduction may result in fragmented and 
inconsistent curriculum content. It may be necessary to consider achieving a 
sense of coherence and the underlying educational purpose as well as 
embracing all the science subjects (Donelly, 2001; Osborne, et ai, 2003). 
Fensham (2000) advocates that less content and more learning must be 
appropriate mentioning that a conventional curriculum would include too much 
scientific knowledge although all in the end rely on observation, theorizing, 
experiments testing refinement of theory leading to acceptance or rejection of 
theory so they do have something in common (Schwartz et ai, 2004). As 
such, it may be necessary to implement the elements of the nature of science 
into the· curriculum content in a holistic and practically integrated manner 
rather than having rhetoric policies. The curriculum content, can determine 
how science is taught and that is what affects pupils' experience in learning 
science and their subsequent attitude toward science (Kim J H & Lee M K, 
2003). 

Similarly, there is another shortcoming in the appropriateness of the content. 
As Delphi studies showed in England and Korea, no one method and no one 
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group of individuals can provide a universal solution as to what should be the 
essential elements of a contemporary science curriculum (Kim J H & Lee M K, 
2003; Osborne, et ai, 2003). Yet educators in both countries recognise the 
inappropriateness of the factual science content through the Delphi study 
reports. According to Osborne, et ai, (2003, p13), scientists are investigating 
questions about nature that remain extant, not exploring how others have 
answered their own question-answers which are now well understood and 
form consensual knowledge within the scientific community. Taking from the 
past, therefore, is only of value if it offers something, which is of significance 
to the present. Contemporary methodological tools and procedures have made 
earlier techniques irrelevant. Kim J H & Lee M K (2003) also argued that school 
science includes out-dated material which is, not applicable to real life and 
which too academically focused. This may lead to further difficulties for 
teachers as to how the elements of the nature of science and scientific enquiry 
fit into the existing area of scientific knowledge because of its outdated and 
irrelevancy to real life situations. In this respect, research shows that teachers 
find it rather easier to teach the current issues with scientific enquiry activities 
than to use the existing curriculum content (Schwartz, et ai, 2004). 

To sum up, difficulties stem from the aims and content of the curriculum. 
Firstly, conventional school curricula still remain content dominated with a 
traditional approach in spite of the emphasis on the nature of science and 
scientific enquiry. Thus, the asserted purpose or aims of the curriculum remain 
extremely marginal in the classroom and teachers regard the understanding of 
science concepts and skills as the main aims of science education. Secondly, 
the curriculum includes inappropriate content for contemporary science. Finally, 
the present curriculum content is too great to be able to implement the nature 
of science and scientific enquiry. 

The following section will consider assessment in scientific enquiry because 
assessment has become a powerful determinant in teachers' teaching in the 
classroom. In particular, as the assessment involves higher stakes, assessment 
driven school curricula become prominent (Black, 2000). As assessment driven 
school curricula are known to be a great stumbling block hindering 
improvement in the quality of education. Thus, the following section will 
include the nature of assessment, different types of assessment, the quality of 
assessment, and the difficulties related to the assessment of scientific enqUiry. 

2-9 Assessment in scientific enquiry 
Much research has claimed that there are considerable short-comings in the 
assessment of scientific enquiry and dissatisfaction among students in the 
assessment of scientific investigations: there are doubts about the validity of 
instrument and assessment content (Hur M, 1984; Millar and Osborne, 1998; 
Aikenhead, 2000; Robert s & Gott, 2004). 

Assessment of scientific enquiry is difficult because it includes not only the 
area of empirical work and the actual execution of routine procedures but also 
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the areas of theorizing, analysing and solving problems which refers to 
cognitive performance (Zuzovsky & Tamir, 1999). In addition, the nature of 
science and the scientific enquiry process is difficult to transform into pencil 
and paper mode as well as to identify an appropriate assessment context 
(McComas, 1998). 

Standardised examinations as the end of key stage tests (KS tests) and the 
General Certificate of Secondary Education (GCSE) have become a high profile 
aspect of teachers' work, exercising a powerful influence over what is taught 
and the ways in which it is taught in schools (Brooks, 2002). This assessment
driven school curricula are a stumbling block to improving the quality of 
education (Black, 2000). Therefore, it may be necessary to consider in detail 
the nature of assessment and the difficulties inherent in the current 
assessment practice 

2-9-1 the nature of assessment 
The main purposes of assessment are concerned with supporting learning, 
with producing certification and with satisfying the demands for public 
accountability (Black, 2003). Policies have emphasised formative assessment, 
which encourages supporting learning, yet this has been almost ignored due to 
the high-stake summative assessment being dominant in schools (Brooks, 
2002). In addition, the judgements resulting from assessment have become an 
important feature of successive government policies when it is used in an 
attempt to monitor and raise educational standards and to increase the 
accountability of different sectors of the educational service (Bell, et ai, 2000). 
Thus, the interaction between these purposes is varied, complex and involves 
certain constraints. Educators suggest that each assessment should serve its 
own purpose in order to minimise the constraints, which may occur (Bell, et ai, 
2000). 

There are two different types of assessment: formative assessment and 
summative assessment. The former supports the process of learning with 
interactive activities in a classroom and is often regarded as a part of teaching 
rather than an assessment practice whereas the latter is often equated with 
tests and examinations including KS tests (the end of key Stage tests), end of 
topic tests, end of year tests or GCSEs. Summative assessment can be 
teachers' internal assessment and external public examinations. Generally it 
has been recognised that if test results are the sole or eventual partial arbiter 
of pupils' future educational or life choices, then the stakes are raised further 
(Black, 2000). Thus the more consequences dependent on the test results, the 
higher the stakes and the more powerful the influence on what is taught. 
Consequently, the higher the stakes, the more important will be the quality of 
assessment such as validity and reliability (Bell, et ai, 2000). 
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2-9-2 Quality of summative assessment 
According to Black (2000), the examination system should be designed so that 
the users of the results can have confidence in the results (Black, 2000). Thus, 
reliability and validity are the two main criteria as the basis for the quality of 
examination results. If a test is not reliable, the score that pupils actually get 
on a particular occasion will not reflect their capability and the results cannot 
be valid (Black, 2003). 

Much research reveals the weaknesses of the assessment of scientific enquiry 
concerning the use of instruments and the techniques that have been used 
(McComas, 1998; Lederman, 1999). Fundamentally, it is difficult to measure 
the ability of scientific enquiry with a pencil and paper test because science 
comprises complex skills and experimental investigations in a laboratory. In 
addition, a test cannot cover a very large proportion of a syllabus, which 
covers over 1 to 3 years of pupils' learning within the National Curriculum 
(Black, 2003). Thus, two dimensions of limitations can be considered. One is 
related to the validity of the assessment instruments and the other is the 
interpretation of those scoring the tests (Lederman, 1999). 

Particularly, where high-stakes testing is prevalent, a traditional view of the 
validity of assessment in the sense that it covers all the important aspects of a 
syllabus is inadequate. Instead, as Wiliam (2003) argues, it is necessary to 
take into account the traditional view, the meanings that people attach to 
results, the way results are used and what happens as a consequence. Thus, 
validity is a process rather than a property and needs to take into account the 
social consequences of test use. For example, assessments send a message 
about what is valued and important. If a question is being put in a test, it 
sends a message that a particular topic is considered to be important even 
though the question is not necessarily a good item (Wiliam, 2003). 

In terms of reliability, pupils' levels are often being mis-classified and there can 
be very low correlation between the written test and the task done in a 
laboratory (Black, 2003). Thus, Black (2003) argues that the assessment 
should be more diverse and flexible in assessing methods and assessing 
content in order to improve the reliability of the assessment. In this respect, 
educators have advocated empowering teachers' assessment in scientific 
enquiry for practicing formative assessment as well as improving the reliability 
of the assessment (Black, 2003; Brooks, 2002). Osborne & Ratcliffe (2000) 
also support strengthening teachers' assessment mentioning that good 
assessment items which encourage the development of authentic skills needed 
in a real life context are suitable for teachers' assessment. Ultimately there 
should be more coursework assessment by teachers employing a moderation 
system and fewer external tests: 

However, different teachers need to be working to common standards and 
have to understand one another's procedures for determining standards of 
grading (Harlen, 2003). Thus, communication of criteria and standards 
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becomes more formal and clearer so that the information will be used to 
produce assessments on a shared basis or within a common external scheme. 
In accordance with this, the emphasis seems to be moving on to a common 
standard and a validity of teachers' assessment with respect to the quality of 
assessment. Additional pressure to achieve validity can be added (Brooks, 
2002). 

In the conventional assessment system, scientific enquiry is assessed by 
performance assessment by teachers and internal or external standardised 
examinations. Therefore, the following difficulties are considered in assessing 
scientific enquiry by performance assessment and external or internal 
examinations. 

2-9-3 Performance assessment 
Assessing pupils' performance is known to be a difficult task for teachers as 
they have not only to assess pupils' ability in certain skills but also to assess 
scientific enquiry, which includes observation, interpretation, reasoning skills, 
thinking skills, cooperative skills and even their attitude toward doing science. 

Although performance assessment is important, research indicates that many 
teachers express a lack of experience with assessment methods aimed at 
assessing their students' understanding and performance in the science 
laboratory (Kim J S & Yoe C H, 2002; Osborne, et ai, 2002). Other research 
supports the above argument, mentioning that teachers have been criticised 
for a lack of clarity in the criteria of assessment which have been applied when 
marking pupils' work, arguing that the confusion was compounded when 
separate criteria were poorly differentiated (Brooks, 2002; Robert & Gott, 
2004; Park S H, 2003b). 

Particularly, there is criticism concerning process oriented teaching and the 
assessing of scientific enquiry. Kind (2003b) criticises the process-based 
approaches in teaching and assessing scientific enquiry. He argues that much 
investigative work in school science has been developed around specific types 
of task with a focus on scientific process skills. Kind (2003b) is suspicious of 
the achievement results for English students aged 13 in TIMSS PA (Third 
International Mathematics and Science Study, Performance Assessment) which 
is known as an international study intended to measure a mixture of enquiry 
skills through investigative tasks. He believes that the highest attained by the 
English students in TIMSS PA does not necessarily mean the highest standard 
of science rather it is apparent that they have practiced the process based 
approaches for a long time (Kind, 2003b, p89). He pointed out mismatches 
between theory and results that go beyond the practical complexity of 
performance assessment. Kind (2003b) concludes that scientific skills only 
have meaning within a certain rationale. Russell & McGuigan's research seems 
to support Kind's argument. According to their research, pupils show better 
performance with familiar patterns of questions whilst most students show 
higher omission rates in the area of novel demands and questions and at very 
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high discrimination levels, suggesting that the more proficient science thinkers 
perform well in the new type of item (Russell & McGuigan, 2003, PS2-8-
Paper4). 

At this point, educators suggest that although the empirical nature of science 
includes certain skills, the nature of science also includes abstracting and 
deducing SCientific principles, applying scientific principles to solve problems, 
and applying, constructing, interpreting and utilising some prior knowledge 
(McComas, 1998). However, the conventional assessment regime seems 
unable to contain such items of scientific enquiry. In addition, the range of 
investigations which fit easily within the national curricula have been criticised 
as being limited, having an over emphasis on fair testing for example. This is 
to the detriment of other kinds of investigation such as classifying, identifying, 
pattern seeking, exploring, investigating models and making things and 
developing systems (Watson & Robinson, 1998). 

In this respect, Jenkins (2000) advocates the importance of ownership in 
pupils' investigation, and learning science through investigation being a norm. 
A sense of ownership by students in their investigation is important to perform 
better in terms of commitment and collaboration in their work (Jenkins, 2000). 
Students should be involved at every stage in shaping, defining, developing 
and monitoring their solution to the problems with which they are engaged 
(Jenkins, 2000). Research reveals that student's autonomy is vital to develop 
pupil's competence in relevant processes and thinking ability because 
investigations involving practical work are essentially thinking activities 
(Watson & Robinson, 1998). In addition, if investigative work is carried out 
infrequently and only in association with performance assessment, then, it 
becomes onerous because pupils associate it with examinations. Therefore, it 
may be necessary to consider learner-centred teaching and learning, followed 
by the school curriculum being left open and flexible to accommodate the 
dynamic and particular requirement for scientific investigation projects 
(Jenkins, 2000). 

At the same time, it also needs to develop the content of assessment and the 
methods and techniques of assessment as an integral part of teaching and 
learning. According to Jenkins (2000), students showed dissatisfaction with the 
way their works are graded; arguing that the grades are a devaluation of their 
work and that the real life evaluation, which they have encountered during the 
investigation is incommensurate with the formal grading (Jenkins, 2000). 

I 

Performance assessment could be a main method for assessing pupils' 
scientific enquiry ability along with standardised examinations. However, 
performance assessment through investigations presents intractable problems 
in the current school science concerning reliability and validity as well as 
restriction on assessing a wide range of ability (Robert & Gott, 2004; Kim J S & 
Yoe C H, 2002). As Woolnough (1991, p8) mentions, performance assessment 
impacts on the way investigations are taught. Thus, there are tensions 
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between the reliability and validity of assessment tasks. Consequently, 
teachers and pupils alike see little point in carrying out investigations for 
performance assessment as those are given far less weight compared to the 
importance of scientific enquiry in the national curricula (Robert & Gott, 2004; 
Kim J 5 & Yoe C H, 2002). 

On the other hand, standardised examinations have dominated teaching and 
learning in the classroom despite many critiCisms, particularly when the 
examinations involve high-stakes. As Wiliam (2003, pSl) argues, the 
assessments send messages about what is valued and important in the 
classroom. The assessment content tends to give validity to the curricular 
content. Therefore, high-stake examinations are focused on this study rather 
than performance assessment. 

2-9-4 High-stakes standardised assessment 
As mentioned above, the current standardised assessment and high-stake 
testing have been criticised for leading to impoverished teaching and learning 
(Black, 2000). Black (2000) argued that high-stake testing not only determines 
the content of the curriculum, but can also dictate how it is taught, offering a 
disincentive to a certain style of teachers' assessment in a system dominated 
by high-stakes tests. Rather, teachers have become used to summative 
approaches, which they perpetuate in the classroom (Black, 2000). Particularly, 
there is a tendency that students' concern about their grades has a strong 
influence on teachers' practice. Thus, some teachers may emphasise goals for 
learning and use teaching techniques that are aligned with a student's ability 
to earn high grades (Black, 2000). 

Teachers look to examination questions for a more precise definition of what 
the intentions of any course may be (Osborne, et ai, 2002). For it is much 
easier to identify the content, skills and processes required of a course from 
such questions than the often loose or vague language of a syllabus 
specification in the national curricula. Thus, the content of assessment 
becomes a powerful determinant of learning goals rather than the National 
Curricula (Black, 2000). As a result of this, teachers can place too much 
emphasis on a limited domain of the curriculum in the limited subset of skills. 
In addition, such assessment materials are often used for practice in 
examination questions, for homework and to familiarise the students with the 
level and demands of the course. 

Coupled with the difficulty of assessing elements of scientific enquiry and the 
assessment content which was not properly incorporated in the aims of the 
National Curriculum, the, assessment of scientific enquiry tends to have a low 
emphasis in the area of teachers' current practices contrasting with the 
emphasis in the curricula on scientific enqUiry itself (Russell & McGuigan, 
2003). Millar (2003) supports the a,bove argument mentioning as follows, 

'" the assessment of scientific enquiry has received little attention because the 
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aim was not incorporated in the content of assessment or in the textbooks 
(Millar, 2003, PS3-F-Symp). 

It may be necessary to accept that there will be teaching to the test because 
science teaching will focus on what is likely to be in the test. Under this 
assessment driven school curricula, a notable attempt at reform has been 
made in the area of high stakes testing. According to Russell and McGuignan's 
report, tests have been developed in the area of scientific enquiry concerning 
ideas and evidence and the management of variables. The report reveals two 
kinds of performance data: the quantitative outcomes, which are used for 
summative purposes, and the quality of pupils' responses, which have greater 
formative value for teachers' classroom practice. This report shows that the 
assessment enhance the possibility of summative materials being used by 
teachers for diagnostic and formative purposes albeit pupils struggles with 
some aspects of scientific enquiry have been identified. Russell and McGuigan 
(2003) argue as follows: 

It is possible to develop assessment worth teaching to, when the 
assessment regime assesses scientific enquiry within ecologically valid contexts 
and illustrates exemplary practice in the kinds of demands made on pupils' 
thinking (Russell & McGuigan, 2003, p3). 

It is therefore important to develop good measures at a time when the 
curriculum is changing to emphasise the nature of science and scientific 
enqUiry. Thus, the aims of the curriculum can reflect the assessment content. 
In order to do this, the research suggests that it is particularly important to 
focus on this assessment area at a time when content reduction and a 
complementary increase in emphasis on science processes are being widely 
advocated (Russell & McGUigan, 2003). 

In conclusion, much research has claimed that assessment in scientific enquiry 
is a great stumbling block in implementing scientific enquiry into the classroom. 
Firstly, there are constraints from different assessments, which serve different 
purposes. Secondly, the current high-stake summative assessment demands 
quality of assessment concerning validity and reliability. Thirdly, assessment in 
scientific enquiry is difficult because of its nature. Although the conventional 
curriculum has emphasized scientific enqUiry, it has given less weight to that 
subject than to other attainment targets. As the method and context are 
varied in science, assessment should be varied. It also may be necessary to 
conSider how the tests and examinations in scientific enquiry can be explicitly 
incorporated in to the examination programmes both in performance 
assessment and in high-stake standardised examinations. In addition, it has 
been considered how well scientific enquiry can be assessed in the light of 
assessment worth teaching as long as high-stake testing is prevalent. 

In order to provide the background for more detailed comparative research, it 
is necessary to briefly consider experience in teaching and assessing scientific 
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enquiry both in England and Korea. As mentioned above, both countries have 
shared difficulties concerning implementing more scientific enquiry into the 
classroom although their national curricula have different historical and cultural 
backgrounds. 

2-10 Experiences in teaching and assessing scientific enquiry in both 
England and Korea 
In the early 1980s, country after country began to recognise the importance of 
the science for all movement (Fensham, 2000). Based on the science for all 
movement, various approaches have taken place across the nations in order to 
redefine the content for school science (Fensham, 2000). In almost every case, 
there have been proposals that increase the range and extent of the content 
for school science including traditional conceptual content of physics, 
chemistry and biology included earth science and space sciences and 
applications of science and technology as well as various versions of the nature 
of science and scientific enquiry. 

During the 1990s, England and Korea along with other countries implemented 
the above recommendation (Kim Y 5, 1994; Fensham, 2000). However, there 
was only a pragmatic reduction in the range of content in practice rather than 
any principled excision. The result was the retention of much of the traditional 
content with little new material. Millar (1989) support the above as mentioned 
below. 

In many senses, the curriculum itself remains fundamentally unchanged and 
the content would be easily recognisable to any child of the 1950s (Millar, 1989, 
p143). 

The following sections include the background and experience in both England 
and Korea concerning the teaching and assessment of scientific enquiry. 

2-10-1 England 
The national curriculum in England was introduced in 1989. Since then, the 
variability of content taught in sciences was reduced and a degree of 
coherence was imposed on the content and innovative techniques of 
assessment were removed (Nicolson and Holman, 2003). For example, courses 
in 'agricultural science' and 'human biology' etc. were often titled as science. 
In addition, there were over 400 different science qualifications available at 
age 16. Thus, one effect of the national curriculum has been a one-type-of
science-for-all approach (Nicolson and Holman, 2003). In addition, mass 
education in science in secondary schooling has taken place. For example, in 
1984 less than half of the pupils in secondary schools studied two or more of 
the subjects' biology, chemistry or physics. By 2001, over 90% of 16 year-olds 
were studying a balance of science or all three separate sciences. Thus, a 
majority of students between the ages of 5 and 16 are following the National 
Curriculum for science with a balanced across the subjects of biology, 
chemistry, physics and earth. Students are taught a systematic approach to 
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scientific investigation. The National Curriculum programme of study (PoS) 
divided content into 'attainment targets', which were divided into 'strands'. 
Progression through each strand was then linked to a 10-point scale of 
increasing achievement. This has led to particular topics (attainment targets) 
being introduced and revisited at each key stage like a 'spiral curriculum' 
(Nicolson and Holman, 2003). Each of the two first versions of the PoS 
provided overlap of content between key stages to allow for differences in the 
rate of development of different children. Although this model of curriculum is 
effective the curriculum content can overlap and a lot of repetitions take place. 
Thus, the current curriculum revision in 2000 was concerned to avoid the 
repetitions (Nicolson and Holman, 2003). 

With respect to practical work, a typical science lesson in England consists of 
practical work in a science laboratory. As early as 1887, the laboratory had 
already been identified as an essential item for school science education 
(Wellington, 1998). In the 20th century, the school laboratory has become a 
symbol of the status of science in the curriculum. As a result of this tradition, 
in spite of the growing interest in scientific enquiry as broadly defined, 
teachers still seem to regard SCientific enquiry as practical work in the 
laboratory. Woolnough (1991) also reported that in England, 11-13 year olds 
spend over half their science lesson time engaged in practical work. 

As Woolnogh (1991) argues, there is no doubt that England has been a 
pioneer in developing school science practical work in general and investigative 
work in particular. The English National Science curriculum (ENSC) seems to 
have a unique feature of scientific enquiry (Sc1) describing the science enquiry 
(sc1) with other science subjects such as biology (sc2) chemistry (sc3) and 
physics (sc4) in the programme of study (PoS). Thus, the exemplar scheme of 
work even has a 9 lesson scheme on scientific investigations for year 9 (QCA, 
2001a). The ENSC has also broadened the role of scientific investigations and 
has introduced aspects of the nature of science and scientific enquiry (Turner, 
2000). 

Furthermore, the QCA highlighted scientific enquiry as an area to be 
strengthened for the national assessment of science from the year 2003, with 
an increase in the number of questions assessing scientific enquiry (Kind, 
2003b). Thus, the assessment items for evaluating the scientific enquiry (Sc1) 
component 'Ideas and Evidences has been implemented since 2002. It is 
regarded as being important to reflect curriculum intentions as well as to 
develop teaching methods which allow pupils to explore effectively how we 
know and what we know (Osborne and Ratcliffe, 2002). 

However, assessment has been a dominant influence in teaching in schools 
due to the emphasis on school league tables. Teachers concentrate on rapid 
coverage of the factual material in the national curriculum content. According 
to a teachers' survey, teachers indicate that many omitted some of the 
activities, which had an emphasis on skill development (Nicolson and Holman, 
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2003). Teachers complain that there is so much content in the national 
curriculum and that there is little time for consolidation of learning or for 
reflective consideration of the applications of science. Shortage of time also 
appears to have affected the amount of time spent on practical work. Another 
factor is the method used for assessment of practical coursework in scientific 
investigation. According to Black (2003), there were weaknesses particularly in 
the attempts to represent progression and to achieve comparability across 
skills. Lacking good models or adequate training, the exercises teachers use 
have become stereotyped, dominated by the notion of fair testing. Many 
teachers set pupils the same stereotyped exercises year after year and so the 
work has reverted to the old cook book type of exercise (Black, 2003). Current 
assessment calls on more sophisticated and holistic skills than earlier 
assessment. In addition, as Osborne and Ratcliffe (2002) argue that 
assessment for scientific enquiry (AT1) should include more elements in the 
area of ideas and evidence. 

2-10-2 Korea 
The National Curriculum in Korea was implemented in 1945. The national 
curriculum specifies a detailed content of physics, chemistry and biology and 
sets time tables for primary and middle schools. 

The ideology was based on a bureaucratic and rationalist notion in which 
accountability was the driving factor, rather than any consideration of its value 
for the child (MOE, 2001c). Korean science education has adopted 
international trends quickly and has continued to reflect them into the national 
science curriculum revisions. For instance, the 6th National Curriculum 
implemented in 1992 described 3 dimensions of science: conceptual 
understanding, the process of science and contextual understanding (STS for 
short). 

The aims of science education in the 7th national curriculum remain the same 
as the ones in the 6th national curriculum, emphasising sCientific enquiry. The 
importance of scientific enquiry in the national curriculum emerged in the 6th 

national curriculum operational since 1992 (MOE, 2001c). Then, the national 
curriculum started to reduce its content accordingly. 

Various attempts to improve school science have been made since 1995: by 
enquiry centred school curriculum, reduced content, reduced class-size, 
improved laboratory facilities and so on (Park S J, 2003a; Kim J. W, 2004). The 
Korean national science curriculum (KNSC) content was divided into knowledge 
and enquiry areas. Each school year has had different content, being 
structured in accordance with students' cognitive abilities. Thus, there is no 
overlap between different year groups. Yet, this model has been criticised as 
having led to fragmented and disintegrated curriculum content. 

Traditionally, science in a Korean classroom was not much different from other 
subjects. Most science lessons were in the classroom with teachers explaining 
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and summarising a content of knowledge. The national science curriculum 
was known as being 'academically based' with a great amount of scientific 
knowledge content until the 5th national curriculum in 1987-1992 (MOE, 
2001c). Then, 'science for all' became the aim of the content of the current 
national curriculum in spite of the curriculum emphasising content knowledge 
<;lnd bringing the STS syllabus into the curriculum (MOE, 2001c). 

The assessment regime in middle schools (children aged 11-14 years) has 
been used not from a social welfare perspective but as an individual privilege 
to open the gate of further education as a selective basis for subsequent 
school education. Although more than 99.4% of students go on to high school 
(15-17 years) after middle school, the assessment regime still remains based 
on a selective tradition, which has brought about normative, high stakes 
assessment within the rigid national curriculum (Kim J C, 1998). Thus, 
assessment has been a dominant influence in teaching in Korean schools 
although at a different level and stem from the one in English schools. 
According to a teachers' survey; Korean teachers indicated similar responses 
concerning the pressure of shortage of time to cover the national curriculum 
content. Teachers indicate that there is too much content to cover and too 
little time to do practical work and to teach in the way they would wish (Kim K 
M & Kim S W, 2002). 

Indeed, although the ih national curriculum mentions that all science lessons 
should involve scientific enquiry there still seems to have been less scientific 
enquiry and less practical work than in English schools. Recently, the MOE 
announced, a boosting plan for scientific enquiry with experiments and 
investigations in primary and middle schools (MOE, 2002). They also 
mentioned the shift from scientific knowledge based on work in the classroom 
to scientific enquiry in laboratory-based teaching· (MOE, 2002). Behind this 
Boosting Plan, there were criticisms about the results of OECD (Organisation 
for Economic Cooperation and Development) and TIMMS (Third International 
Mathematics and Science Study) a comparison that revealed that in the OECD 
countries Korean children had reached the highest score but showed the 
lowest interest in science and dissatisfaction with the teachers' teaching of 
science (MOE, 2002; Park S J, 2003a). 

Due to the limited practical work, there has been much emphasis on scientific 
knowledge (KICE, 2001). Thus, traditional Korean science has been criticised 
for being like a pupil having a driving licence without getting a car (Kim J C, 
1998). As Kim Y S (1994) mentioned, there are few links between the 
understanding about the nature of science and scientific enquiry and the social 
context; rather Korean teachers regard STS (Science-Technology-Society) as a 
global trend of science education. Since the STS context has been employed, 
teachers have regarded STS as an additional chapter of science textbooks. 

To sum up, although both countries have different backgrounds for their 
national curricula, yet they have been influenced by the science-for-all 

39 



movement and have had similar difficulties in the teaching of science. Both 
curricula have been emphasising scientific enquiry in the National Curricula as 
well as seeking meaningful learning and a better understanding of science 
concepts. However, Korea tends to employ practical work in the classroom 
based more on the tradition which has emphasised the conceptual 
understanding of science whereas England tends to reinforce the elements of 
the nature of science such as 'ideas of evidence' based on doing more practical 
work in the science classroom. This assertion is tested more fully in the 
documentary analysis chapter 4. The following section will consider TIMSS as 
an international comparative study and deals with its background, 
development, influence and limitations internationally. Both curricula have 
been influenced by the science-for-all movement and have participated in 
TIMSS since 1995. 

2-11 TIMSS survey as an international comparative study 
The TIMSS survey has assessed 13-year-old students' performance in 
mathematics and science every 4 years (Kim C J, 2004). Thus TIMSS-2003 is 
the third in a series of surveys: 1995, 1999 and '2003. 

As mentioned in the section above, the 'science-for-all' movement has led to 
curricula revisions in 1990s both in England and in Korea (Fensham, 2000). A 
project was developed to define the content for TIMSS and it was decided to 
test for MSL (mathematical and scientific literacy) in 1995 (Fensham, 2000, p 
151). Originally, TIMSS-1995 started to include the recall of science content 
from a small group of topics by using more multiple-choice format and far less 
descriptive format of questions but some attention was given to societal 
impact, reasoning, social and historical developments and attitudes (Fensham, 
2000). Yet, TIMSS-1999 made only minor changes to its test development, as 

it continued to emphasise the recall of content knowledge taught in the early 
years of secondary schooling compared with reasoning and social utility. Each 
context had quite varying social, economic and political settings and relevance 
across the participating countries an aspect TIMSS acknowledged but could 
not alter because of its commitment to a test made up of common isolated 

. items (Fensham, 2000). 

Table 3 TIMSS-ranking of England and Korea in science performance (KICE, 2004) 
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The TIMSS-survey included other factors, which can affect students' schooling 
such as students' backgrounds, attitudes toward science, classroom 
characteristics and so on in order to make comparison more relevant rather 
than solely students' achievements (KICE, 2004). The proportion of scientific 
enquiry has been increased in TIMSS-2003 compared with TIMSS-1999 .in 
order to make more relevant the contemporary views of science and reflecting 
the current trend of the emphasis on scientific enquiry. The proportion of 
multiple-choice format has also been reduced gradually in line with curricular 
trends (Kim C J, 2004). 

England and Korea have participated in the TIMSS survey since 1995. Both 
countries have shown a much higher achievement than average. Korean 
students have consistently shown a higher achievement than their English 
counterparts. In 2003, it was not possible to achieve the TIMSS sampling 
requirements because not enough schools in England from the first choice 
sample would agree to participate. Thus, the data used for that year in 
England has been weighed using schools' performances in national tests and 
examinations to ensure that it is in fact representative (NFER, 2004). 

According to this reweighed result, from among 46 countries, English students 
were in 6th place with 544 marks compared with Korean students being in 3rd 

place with 558 marks (NFER, 2004). In terms of international benchmarks in 
TIMSS-2003, 15% of English students reached the advanced benchmark 
(achieving over 625 marks) compared with 17% of Korean students and the 
international average being 7% (KICE, 2004). The TIMSS-2003 survey shows 
students in both countries do not have a long tail of underachievement as 
measured by the proportions of students reaching the low international 
benchmark; English students 96% and Korean students 98% and the 
international average of 84%. As analysed by gender in TIMSS-2003, boys in 
both England and Korea performed significantly higher than the girls. English 
boys scoring 550 compared with the girls 538 and Korean boys 564 compared 
with the girls' 552 (KICE, 2004; NFER, 2004). Therefore, there are similarities 
in the distributions of performance despite Korean as well as in performances 
of different genders. 

However, in the area of attitudes in TIMSS-2003, there are considerable 
differences in confidence and preference for science subjects. The majority of 
English students are confident of their ability in science and enjoy their lessons 
(NFER, 2004). By contrast, only 20% of Korean students are confident of their 
ability in science compared with 53% of English students. Only 9% of Korean 
students indicate that they enjoy their science lessons very much compared 
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with 28% of English students, 29 % of Korean students enjoy their science 
lessons compared with 41% of English students (KICE, 2004). In addition, 
Korean students do not want to carry on studying science subjects further nor 
to pursue science related jobs. 

Despite the importance of the TIMSS data, a point criticism of TIMSS has been 
the ongoing debate about the content of TIMSS survey and criticism 
concerning evaluation and interpretation of the results. 

Firstly, TIMSS tests for students have raised some doubts about how well 
their scores for TIMSS do reflect their actual learning of science. According to 
Kim C J, (2004), the assessment domain for TIMSS show a narrower range 
than other international studies such as PISA (Programme for International 
Student Assessment) being concentrated on Knowledge/ comprehension, 
process/enquiry and a part of attitude domains. Further problems about 
common approaches to summative assessment in science are raised by a 
study of performance across heterogeneous contexts, which showed that 
students' responses varied in kind and in extent across assessment contexts 
and formats (McGinn and Roth, 1998 quoted in Black, 2000). These difficulties 
may stem from the limitations of selection of content and context for over 30 
different countries, which have different historical, cultural and social 
backgrounds. Thus, the main determinant of success about their ranking is 
whether or not the material in question as been taught at all. (Schmidt, et ai, 
1999 quoted in Black, 2000) 

Secondly, there seems to be a difficulty in interpreting variations of test 
scores over time. It is hard for the public to accept that if both the curriculum 
aims and the methods of assessment have changed over the years, any 
question about whether standards of performance have risen calls for a value 
judgement and cannot be answered by simple comparison of any pair of test 
scores (BlaCk, 2000). 

Thirdly, the TIMSS survey data cannot explain why and how Korean students 
have performed well yet, they have shown lack of confidence and interest in 
science lessons. TIMSS background survey could not offer reasons why Korean 
students have performed well. For example, Korean students indicated that 
they did not get proper teachers' support. Korean students also show higher 
achievement despite the teachers putting little emphasis on homework. Thus, 
Kim C J, 2004) argued that qualitative research may be needed based on the 
TIMSS survey, in order to offer to evaluate the relevance and appropriateness 
of the National Curriculum in an international context at the KS3 level. Despite 
the critiCisms, TIMSS survey results have been an important reference for 
making educational policies and revising the curriculum. 

To sum up, the TIMSS survey has explored students' achievement 
internationally since 1995. Students in both countries have performed much 
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higher than average. Particularly, Korean students have consistently achieved 
higher marks than their English counterparts. However, there are limitations in 
the content of assessment as well as the interpretation of the results. 
Nevertheless, the TIMSS survey has still been an important reference for 
making educational policy and revising curriculum in many countries. 

Summary 
Because of the demands of changing society and the need to improve the 
quality of education, understanding the nature of science and scientific enquiry 
has become a common goal for many years. Thus, the aims of both National 
Curricula put an emphasis on scientific literacy, including elements of the 
nature of science and scientific enquiry, in order to improve public 
understanding of science as well as the quality of science education. However, 
there has been a lack of consensus on the boundary of science and the nature 
of science. This chapter summarises some philosophical perspectives of 
science such as inductivist, deductivist, Theory-laden observation, Kuhn's 
revolution, Instrumentalism/Realism, Relativism/Positivism, contextualism, 
decontextualism and contemporary views about the nature of science. This 
chapter also explores how the national curricula in both England and Korea, 
describe the nature of science and scientific enquiry. Then, it is necessary to 
clarify the terms 'the nature of science' and 'scientific enquiry' although there 
is no clear-cut distinction between the two as they overlap. However, the 
nature of science refers to underlying values and assumptions whilst scientific 
enquiry refers to the methods and activities of science involving SOCietal, 
cultural and political implications. 

Then, this chapter included how educators recommend teaching the elements 
of the nature of science and scientific enquiry. Implementing the nature of 
science and scientific enquiry seems to be a complex process: along with 
teachers' perceptions and intentions about the nature of science, various 
factors are inter-locking between textbooks, the nation?!1 curriculum, 
assessment-driven teaching practices and so on. The assessment driven school 
curricula have been known as a great stumbling block in implementing 
scientific enquiry. Thus, it is important to develop good measures in the 
content of assessment so that high-stakes testing can be used for formative 
purpose. 

For further comparative research, it is necessary to consider a brief experience 
in teaching and asseSSing scientific enquiry both in England and in Korea. 
Both countries have shared difficulties concerning implementing more scientific 
enquiry into the classroom although they have different historical and cultural 
backgrounds in the national curriculum. TIMSS as a large comparative study 
has dealt with achievement for 13-year-old students in mathematics and 
science including other factors such as students' attitude. Although the TIMSS 
survey has limitations in terms of definition of content and interpretation of 
the test results, it has been an important reference for making educational 
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policy and revising curriculum in many countries. Therefore, the TIMSS survey 
will be used as a reference for an international comparative study, for 
exploring how assessment in scientific enquiry affects teachers' teaching in 
England and Korea. The following chapter describes the methodology used for 
this research. 
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Chapter 3 Research methodology 

3-1 Introduction 
The research focus is 'What is the impact of assessment in scientific 
enquiry on the perception of teaching science at age 14 in a 
comparison between England and Korea?' This study follows the 
research question, instead of setting any hypotheses. The research question 
can be divided into two sub-questions in a broad sense: one asks what is 
taught and assessed in scientific enquiry in the national curricula in England 
and Korea, the other investigates how teachers perceive they teach 
scientific enquiry and their perceptions about the nature of science and 
scientific enquiry. This study will then make comparisons and make 
inferences on an international level, before considering the implications of a 
changing SOCiety and the need for the quality of science education to keep 
in step with such change. 

According to Charles (1988), the word 'research', from the French 
'recherchel, is to travel through or to survey an object or entity, and is 
defined as a careful, systematic, patient investigation undertaken to 
discover or establish facts and relationships (Charles, 1988, p9). 

Educational research, therefore, can be referred to as a detailed systematic 
investigation, that leads to new knowledge through the use of a process 
which involves clarifying a problem, formulating research questions or 
hypotheses, obtaining valid and reliable information, analysing data, 
describing the findings, and drawing conclusions that answer the questions 
or test the hypotheses (Charles, 1988). 

In terms of the classification of educational research, various educators 
present their own categorizations, which indicate the absence of a 
standardized classification scheme. However, types of research can be 
differentiated as follows (Charles, 1988); 

1. whether the research is done, with a practical end in mind, 
2. the overall methodology employed, 
3. the kind of questions that prompt the research. 

Firstly, research done in order to find practical solutions to pressing 
problems is called 'applied researCh', whereas research done with no 
practical application in mind is called 'basic research'. 

Secondly, research is also categorized in terms of the general 
methodology it employs. Four different research methods can be used in 
educational research: 'qualitative', 'quantitative', 'experimental' and 'non
experimental'. Any investigation is characterized by two of these labels; an 
investigation may be qualitative and non-experimental. 
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Lastly, the third means of categorizing research focuses on the nature of 
the research questions addressed. Eight types of research are commonly 
identified from their central questions. These types are ethnographic, 
historical, descriptive, co-relational, action, evaluation, casual-comparative 
and experimental research (Charles, 1988). 

Therefore, the research in this study is defined as 'applied research' in the 
first category, 'qualitative and non experimental research' in the second 
category and 'descriptive research' in the third category, which is done to 
depict people, situations, events and conditions, as they now exist. The 
major sources from which information is obtained are physical settings, 
records, documents, objects, materials and people who possess knowledge 
of the situation but were not directly involved. Findings are presented in 
narrative form enhanced by numerical categorical and graphic illustrations 
(Charles, 1988). The nature of this study is an international comparative 
research comparing the curricula, the assessment and the teachers' 
perceptions between England and Korea. 

The aims of research are to discover the facts and relationships concerning 
the national curricula and assessment, as well as to explore the teachers' 
perceptions and practices of teachers by using scientific methods such as 
analysis and survey. Using a scientific approach, this research sets out to 
obtain reliable information by comparing both English and Korean curricula 
and examination papers. Once data are collected and knowledge 
established by analysing all related documentation, possible relationships 
can be explored between the teachers' perceptions and practices obtained 
by survey research methods using questionnaires and focus group 
interviews. Finally, this data will be analysed, compared and used to 
describe findings and to draw a conclusion that answers the research 
question. Therefore, this chapter is to address: 

1. the nature of comparative education, 
2. research design, 
3. procedures used in collecting data 
4. the nature of main methodology including strengths and weakness 
5. analysing data 
6. categorising and making comparison in order to synthesise the data 
7. considerations for the quality of research and ethical issues 

Prior to consider the research deSign, it may be necessary to consider the 
nature of comparative research including the strengths and the weaknesses 
of comparative research in general as well as in this study in particular. 
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3-2 The nature of comparative research 
According to Noah & Eckstein (1998, p58), the field of comparative 
education is best defined as an intersection of the social sciences, education 
and cross-national study. It is said that comparative education has 
developed through five stages since the beginning of the 19th century. 
Comparative research was prompted by a simple curiosity to emphasise the 
exotic information such as general descriptions of institutions and foreign 
ways of raising children. As the national education system began to be set 
up in the 19th century in Europe, the main concern of comparative research 
was to discover information useful for charting the course of education in 
their own countries. This modern comparative education was done 
predominantly by educational politicians, experts and activists (Arnove, et ai, 
1982; Noah & Eckstein, 1998). They were concerned with educational 
theory, methodology, finance, organisation, teacher training, instructional 
methods and the curricula in order to use as an important reference for 
educational reform (Arnove, et ai, 1982; Kim 5 5, 2004). Then, international 
education cooperation was stressed in the interests of world harmony and 
mutual improvement among nations as many scholars, students and 
publications, have been exchanged (Noah & Eckstein, 1998). The resulting 
network of international contacts would help to promote international 
understanding as well as improving social and educational institutions 
around the world. In the 20th century, two more stages have appeared; 
both were concerned with seeking explanations for the wide variety of 
educational and social phenomena observed around the globe (Noah & 
Eckstein, 1998). One notable feature of comparative education during this 
time was the recognition of the importance of dynamic relationships knitting 
education and society. Schools were seen as miniatures of the society, yet 
the society was moulded partly by education. Changes in one were revealed 
in the other (Noah & Eckstein, 1998; Kim Y C and Cho J 5, 2005). Thus, 
comparative education began to consider the possibility of using the 
conclusions to steer education reform and to engineer the future shape of 
the society (Noah & Eckstein, 1998; Kim C J, 2004). The latest approaches 
are attempting social science explanation, which uses the empirical and 
quantitative methods to clarify relationships between the education and the 
SOCiety (Noah & Eckstein, 1998; Kim Y C and Cho J 5, 2005). Due to the 
nature of comparative education, prior to the 1950s, it had a long tradition 
as an applied field that assisted in educational reform, domestically and 
internationally (Kelly, et ai, 1982). In practice, comparative education can 
deepen the understanding of their own education and society because 
people can truly comprehend themselves only in the context of secure 
knowledge of other societies (Noah & Eckstein, 1998; Kim C J, 2004). 

Therefore, by its nature, comparative education has strengths as well as 
having weaknesses due to its complexity. The following address its 
strengths and weaknesses. Then it discusses possible ways to minimise the 
weaknesses in this study. 
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Firstly, comparative education incorporates what other countries are doing, 
not doing, planning and abandoning, or changing in their educational 
enterprises by accurate description. Often it reveals a great power of 
observing, assimilation and reporting (Arnove, et ai, 1982; Noah & Eckstein, 
1998; Kim S S, 2004). 

Secondly, through the results from comparative research, it can help the 
decision-making in educational poliCies and curriculum revision (Kelly, et ai, 
1982, Han J H, 1995). An accurate, reliable description often shows that its 
own problems are not unique and such knowledge can be most useful. It 
directs us to search out and try to understand forces and factors at work 
that transcend the boundaries of our own society. Thus, exercises in 
mapping the experiences of other countries can feed directly into policy 
making and decision-taking (Kim S S, 2004) 

Thirdly, comparative education can be a fruitful approach towards 
understanding the values, culture, and achievements of other societies 
because the state of schools may be an indicator of more than just the 
educational condition. For example, indifference in the schools to the value 
of intellectual activity may be a token of a more general anti-intellectualism 
in society (Noah & Eckstein, 1998). 

Lastly, it is said that comparative education has the potential for 
generalisation. This is because a comparative approach enlarges the frame 
work within which can be seen the results obtained in a single country, by 
providing counter instances. It can also make theories refine out and test 
their validity against the reality of different societies (Noah & Eckstein, 
1990). 

However, comparative education remains a field characterised by 
methodological debates and diversity of opinions (Kelly, et ai, 1982). In 
broad sense, the debates can be classified into three areas: one is in the 
use of the content for the comparative education, such as a national 
systems or pupils' achievement or being compared at different point of time. 
Two is in the use of the methods in order to discover universal patterns or 
principles (Arnove, et ai, 1982). Third is in the area of interpretation of the 
findings. As Arnove, et al (1982, pS) suggest, comparative educators often 
assume that societies follow the same path to development and a country 
at a different stage of development and represents a different point on the 
same continuum or trajectory. Similarly, Comparative educators can be 
preoccupied with problems of cause and effect but inevitably their 
discussion tends to descend to a familiar Circularity, national character, 
which determines education and education determines national character 
(Kelly, et ai, 1982). Yet, the question does not seem to be answered easily 
as to where to break in to this perplexing circle. 

The following are weaknesses of comparative education in general. Firstly, 
there is the danger of making a case, when the advocates of change rely 
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heavily on reports of a successful programme abroad (Noah & Eckstein, 
1998). Even if the original report is a balanced account, it can be 
superseded by exaggerated and distorted reports of what has been going 
on in a relatively few examples. The authentic use of comparative study 
resides not in the propagation of foreign practices, but in a careful analysis 
of the conditions under which certain foreign practices deliver desirable 
results, followed by a consideration of ways to adapt those practices to 
conditions found at home (Noah & Eckstein, 1998, p63). 

Secondly, there is the possibility of misinterpreting the results due to 
carelessness, ignorance or a certain intention (Noah & Eckstein, 1998). 
Behavioural and social sciences and historical and philosophical inquiry tend 
to require tentativeness in advancing conclusions. Sometimes explanatory 
models are not overly strong, data is often defective and criteria for 
confidence in making inferences are subject to dispute. In order to 
strengthen the explanatory powers of comparative education, various 
efforts have been made to increase data and improve techniques in social 
science research. According to Noah & Eckstein (1998), these trends have 
been accelerated and the empirical orientation of the social sciences has 
begun to reshape comparative education. In contemporary cross-national 
study in education, this is founded upon the twin bases of vastly increased 
data and improved techniques in social science research (Kyriakides and 
Charalambous, 2005). 

Finally, one of the most difficult problems of comparative education is 
ethnocentrism; which is the fault of looking at the world from the point of 
view of the observer's own culture and values (Noah & Eckstein 1998). It is 
said that ethnocentrism has the potential for bedevilling comparative 
education at every stage from choice of topic to study, through choice of 
procedures to apply and to judgement concerning the meaning of the 
results of inquiry (Noah & Eckstein 1998). 

This study includes a comparative research with a qualitative approach 
rather than quantitative. The research explores what is taught and assesses 
scientific enquiry and how teachers teach scientific enquiry in England and 
Korea. As a researcher, I have had experience in teaching and learning in 
both countries. This can give the researcher a deeper understanding of the 
societies and their education. In terms of the content and the context of 
this research, examinations and curricula have been known as a typical 
subject in comparative education because they can reach into many corners 
of a country's context by increasing attention given to the various roles and 
forms of national examinations (Little, 1990). It may be necessary to 
consider the content and context of this research in order to address the 
many social and educational problems that beset societies and to do a 
careful analysis of the conditions under which, certain results and practices 
are needed to give explanations. In addition, this research is not to examine 
attainment targets or achievements but to exploring the area of theory and 
practice in assessment. Instead, the TIMSS results already affect curricular 
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revision and policy making in both countries (Fensham, 2000). Yet, there 
seems to be a limitation in giving a strong explanation of how to improve 
and to implement scientific enquiry in classrooms. 

Apparently, comparative study has potential and is the most desirable way 
of approach to understanding education. As Arnove, et ai, (1982, p4) argue, 
intelligent and cautious comparison may still be the best analytic tool to 
make generalisations about social or educational reality. This is because 
that comparison assists in discovering that which is common and that which 
is unique to any society. Then, only when one knows what is unique on a 
comparative scale can one begin to ask significant questions about causal 
relationships within a country. 

However, there is a danger of misuse, and also miSinterpretation of the 
results and ethnocentrism of researchers (Noah & Eckstein 1998). Partly, in 
response to these possibilities, comparative study came to rely more and 
more upon qualitative methods (Noah & Eckstein, 1998, Kim Y C & Cho J S, 
2005). At the same time, the researchers are required to be more objective 
and to have depth of understanding of the complex and dynamic 
relationships between the societies and education. As Noah & Eckstein 
(1998) point out, the ultimate aim of comparative approach is to test how 
well the research can be used in the most desirable way. 

There is a need to consider the best way to do this research in order to 
maximise strength and minimise weaknesses. The following section 
describes the research design, which attempts to do this. 

3-3 Research design 
As mentioned above, this study will explore the facts and relationships in 
teaching the national curricula in both countries, as well as discovering 
teachers' perceptions about how they teach and assess. 

3-3-1 Theory-practice triangulation as a framework 
, Theory-practice triangulation ' can be employed because it is useful for 
exploring the relationships between theory and practice in educational 
research (Grenfell, 1998). Although educational research employs scientific 
methods in order to collect the data in a more objective, reliable and valid 
manner, scientific theory is not completely appropriate as regards 
educational research (Hirst, 1966). Hirst (1966) argues that scientific theory 
may tell you how to mend your car, but it could not tell you how to teach 
the perfect lesson. This is simply because the human world is not like the 
physical world (Hirst, 1966, p49). Instead, Hirst (1966) claims that 
educational theory acts as an intermediary between scientific theory and 
practice. 

Later on, Vandenburg criticizes Hirst for not providing' criteria of coherence 
to unify the educational principles for the selection of resources from 
sociology, psychology, history and philosophy. Vandenberg attempts to 
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build a more rigorous view of educational theory out of a 'correction' to 
Hirst's claim by positioning these terms on a triangular structure in order to 
make their relationship explicit (Grenfell, 1998). According to Grenfell 
(1998), this triangulation can be applied to educational research, it being 
implicated in many concrete and uncontrolled contexts to which only non
scientific factors are pertinent. Moreover, it can also be applied in order to 
explore the relationships between theory and practice in the classroom, as 
outlined below (Grenfell, 1998): 

Hirst's scheme remains essentially one of applied science: that is, empirical 
data worked on through the human sciences is claimed to provide the basic 
rationale for what to do with pupils in the classroom in that in their claims 
to general applicability, they necessarily ignore many of the practical, 
context dependent particularities of classroom teaching itself (Grenfell, 
1998, p19). 
Figure 2 shows the triangulation diagram, based on a discussion by 
Vandenburg (1998, Grenfell, p19) 

Figure 2 Theory-practice triangulation ( Grenfell, 1995) 

Practice 

t 
Tacit Knowledge 

/ 
Educational Theory .... ----.~ 

(Principles) 

t 
Scientific theory 

Fundamental 
Educational Theory 

This theory-practice triangulation may be illustrated as anyone individual's 
relationship to theory and practice in a particular pedagogic context. 

According to Grenfell's explanations (1995), this scheme attempts to ground 
educational theory in a more actual concrete practice. It is said that 
'concrete practice' is the current classroom teaching. It may involve 
planning and production of lessons and resources. As a practitioner, a 
teacher's understanding of education is developed through the concrete 
experience of classroom practice (Grenfell, 1995). This understanding may 
be called 'Tacit knowledge' (Polanyi and Prosch 1975, p30, quoted in 
Grenfell, 1995). This is 'unconscious' implicit horse sense or know-how, 
which can never be fully articulated (Grenfell, 1998, p19). In Vandenberg's 

51 



terms, Fundamental Educational Theory refers to when practitioners' tacit 
knowledge is rigorously explicated. Thus, it is a partial articulation of this 
tacit knowledge (Grenfell, 1998). It also may include explicit beliefs, 
routines and motives in shaping practice. The term Educational theory 
(principles) indicates a formal expression of knowledge that is organized for 
determining some practical activity (Hirst, 1966, Grenfell, 1998). Finally, 
Human Science (Scientific theory) relates to educational theory by providing 
it with research evidence and scientific theory to justify such generalised 
principles. Such knowledge can be seen as an end in itself, obtained by 
specialist researchers and writers who have no necessity to develop 
empirical truth (Grenfell, 1998). Based on the above illustration, this 
research may be applied to the following figure 3 

Figure 3 The research structure based on Theory-practice triangulation 

Concrete practice 
Teachers' teaching and assessment practice 

I 
Tacit knowledge 

What teachers think they are doing 

Educational Theory{Principles) Fundamental Educational theory 
The national curriculum .... ----.. Principles of teaching 
Aims, Content, Teaching, and "assessing 
Assessing What teachers think should be done 

! 
Examination papers 
The nature of questions 

This diagram shows the whole picture of this research flow. In order to 
explore the research question 'What is the impact of assessment in 
scientific enquiry on the perception of teaching science at age 14 
comparison between England and Korea?'this research will be two
dimensional. 

'Educational theory (principles) 'will be analysed indicating what is taught in 
science in the classroom according to the national curricula, KS3 tests and 
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HE examinations. TIMSS-2003 questions will be considered as an indicator 
in order to make a comparison relevant as shown in Figure 4-1. 

Figure 4 The process of documentary analysis 

The national curricula 
Aims, Content, Teaching, 
Assessing 

Examination papers 
The nature of tests, 
The nature of questions 

The analysis of the national curricula will be the primary task. Firstly, the 
elements of scientific enquiry cannot be independent, but instead be 
integrated into the curriculum content with other subject matters, for which 
the analysis of the whole national curricula in terms of aims, content, 
teaching and assessment is necessary. Secondly, the national curricula are 
closely related to assessment content, types and purposes. Based on the 
curricula analysis, analyses of examination papers will be carried out in 
depth. Subsequently, a comparison will be made in discovering 
commonalities and differences, including the level of reflections between 
the national curricular aims, content as well as assessment content. As 
mentioned above, this documentary analysis aims to discover the answer to 
the first sub-question, namely 'what teachers are expected to teach as 
regards to scientific enquiry in the national curricula in England and Korea~ 

The other dimension of this research as shown in figure 4-2, is to survey 
teachers' perceptions of the nature of science and scientific enquiry as well 
as perceptions and opinions of how teachers teach and assess scientific 
enquiry. According to the Vandenburg theory-practice triangulation, this 
area can be called 'fundamental educational theory~ closely linked to 'tacit 
knowledge' in which teachers' explicit beliefs, routines and motives are 
included in shaping their practices, as shown in figure 5 (Grenfell, 1998). 
Thus, it includes factors, which may affect how teachers plan their teaching 
methods, how teachers interpret the national curricula and how they apply 
their pedagogy to their teaching. It also includes teachers' perceptions and 
opinions of their teaching and how they assess science and scientific 
enquiry. 

Figure 5 The process of survey 

Teachers' perceptions ~ Teachers' perceptions ~ Teachers' tacit 
of *NOS and of how to teach and Knowledge 
scientific enquiry assess scientific enquiry 

*NOS: nature of science 
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As shown in figure 3, the concrete practice is partly constituted by tacit 
knowledge articulated in fundamental educational theory and generalised in 
order to eventually form justifying educational principles. Thus, the concrete 
practice refers to teachers' current teaching practice in the classrooms, 
which can be identified by classroom observations. However, the concrete 
practice will not be included in this research because the main research 
focus is to discover teachers' views, perceptions and opinions concerning 
their teaching in the classrooms .. Observation of classroom practice is 
outside the scope of this study. 

This teachers' survey may not show clear distinctions between teachers' 
views, perceptions and opinions. For example, as other research shows (Bell, 
et ai, 2000; Shwartz and Lederman, 2002) there may not be clear-cut 
distinctions such as the relationship between teachers' views and their 
perceptions as well as between teachers' perceptions and their teaching 
practice in the classrooms. Thus, this survey may need cautious 
interpretations by taking into account each educational context and the 
literature review. 

With the results of the two dimensions of research, a comparison between 
England and Korea will be made in order to find out answers to the 
research question. The inferences of this international comparative 
research in the light of the contemporary view of science will also be 
included. Moreover, the implications for the quality of science education Will 
be based on the results of the two areas of research and the literature 
review. 

To sum up, the theory-practice triangulation as represented in Figure 3, is a 
useful conceptual framework for this research. The following Figure 6 shows 
(p55) research design as a whole, based on Vandenburg's triangulation. 
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Figure 6 Research Design Answering the research question 
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3-3-2 Research design 
As shown in figure 5, the research question has been identified through 
literature review. Accordingly, important variables have been identified such 
as the national curricula, and assessment as well as teachers' perceptions 
and opinions. 

Thus, two sub-questions have been developed in order to explore the 
research question. The first sub-question is what is taught in scientific 
enquiry and is explored by a twofold documentary analysis: one is the 
national curricula related documents and the other is examination papers 
from both countries along with TIMSS-2003 questions. Through analysis 
and comparison, data 1 is obtained. The second sub-question is how the 
teachers teach scientific enquiry. In order to explore the second sub
question, survey research methodology is employed. This survey research is 
also twofold: one is by using questionnaires and the other is by using focus 
group interviews. 

Based on Data 1 from the documentary analysis, a questionnaire is 
developed. In turn, raw data 2 is collected through questionnaires from 
two different groups of teachers and data 2 is obtained by making analysis 
and comparison of the results of raw data 2. Based on section D in the 
questionnaire, the structured interview questions are developed. Raw data 
3 is collected from the focus group interviews. Then, data 3 is obtained by 
analysing and making a comparison the raw data 3. Finally data 1, data 2 
and data 3 are synthesised and discussed. Then the conclusion is drawn for 
answering the research question. 

The following section will address details in collecting data including 
procedures used and the nature of main methods employed in this study. 
These are principally documentary analysis and survey research by using 
questionnaires and focus group interviews. Thus, the section describes the 
nature of each method including strengths and weaknesses in its application 
for this study. 

3-4 Procedures used in collecting data 
It is said that the obtained information concerning people, settings, objects 
and procedures is called 'data' (Charles, 1988). It can be recorded in verbal, 
or numerical form (Charles, 1988). Data are obtained from primary sources 
and secondary sources, which is from previous investigations or literature. 

In this study, data are collected from two different sources: one from the 
documentary analysis of the national curricula and achievement tests from 
England and Korea and the other from survey research for science teachers 
in both countries. Considering the nature of this research, documentary 
analysis is suitable for acquiring data from valid and reliable sources 
concerning what is taught and assessed. Nowadays, the examination 
content can provide critical information because the end of KS3 tests and 
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HE examinations have become more powerfully determinant for teachers' 
teaching practice since those tests are external summative assessments. 
In the respect of discovering teachers' perceptions about how they teach 
and assess scientific enquiry, survey method is suitable for this. The survey 
method is particularly useful on 'gathering factual data, verbatim 
statements about motives, intentions and satisfactions and in tracing out 
the interconnections so as to offer a possible explanation of the data' 
(Ruddock, 1981, p47). Data from the two different sources enable to give 
explanations to the research question. 

Prior to survey research, it is necessary to carry out documentary analysis 
concerning what is taught and assess scientific enquiry in the national 
curricula and examination papers from both England and Korea. This may 
help to specify questions for the survey. The following section addresses the 
nature of documentary analysis including strengths and weaknesses as well 
as possible ways to complement its limitation for this study. 

3-4-1 Documentary analysis 
Analysis involves the breaking down of entities into constituent parts in 
order to determine their composition, how they are organized, and how 
they function. Many sources can be accessed through analysis, but this 
procedure is especially useful in obtaining data about objects, relics, 
documents and procedures (Charles, 1988). The documentary analysis may 
use a wide variety of documents and record such as archival record, and 
private records as a source of data (Cohen, et ai, 2000). It is said that the 
methods of analysis are similar to those used by historians and the activity 
may be classified as descriptive research for problem identification, 
hypothesis, formulation, sampling, and systematic observation of variable 
relationships (Best, 1981). Generally, documentary analysis aims to produce 
valuable information to describe specific conditions and practices that exist 
in schools and society (Dalen, 1962). It can spot the trends and disclose 
differences in the practices of various areas, states or countries as well as 
evaluating the relationships of stated objectives and what is being taught 
(Dalen, 1962). Most of all, it is easy to access the information, often at low 
cost (Cohen, et ai, 2000). As Mertens (1998) argued, 

'The researcher can not be in all places at all times/ therefore/ documents 
and records give the researcher access to information that would otherwise 
be unavailable' (Mertens/ 1998/ p324). 

However, the documentary analysis has certain limitations. It tends to be 
rather superficial and mechanical. It can describe what the situation' or 
practice is but it cannot show the reasons why (Best, 1981). For example, 
an analysis of examination papers may indicate what difficulties pupils 
encounter but does not reveal why they made the errors. It is also said that 
documentary analysis can easily draw faulty conclusions from the data. 
Many documents used in research were not originally intended for research 
purposes. The various goals and purposes for which documents are written 
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can bias them in various ways (Best, 1981). Therefore, it can be important 
to select authentic and valid document in order to avoid drawing faulty 
conclusions. At the same time, the distinction between records and 
documents is also important in that the use of extant materials must always 
be tempered with an understanding of the time, context, and intended use 
for which the materials were originally created (Mertens, 1998). 

In this study, official documentations and their counterparts are used mainly. 
Then research reports, academic literature, textbooks and their counterpart 
are used in order to validate data, as well as interpret the data in 
appropriate objective ways. More details about the sample documentations 
used will be described on chapters 4 and 5. In practice, the documentary 
analysis is twofold: one is to analyse the national science curricula and the 
other is to analysis examination papers shown in detail at chapter 4 and 
chapter 5. This study will focus on the Key stage 3 science curriculum, and 
the end of key stage 3 tests which are relevant to the science curriculum for 
middle schools and the examinations taken during year 9 in Korea. For 
analysing examination questions, the frameworks of Bloom's taxonomy and 
Kopfer's speCifications are to be used (Osborne and Ratcliffe, 2000). These 
are useful devices representing the nature of examination questions. Details 
will be detailed in chapter 5. Some findings from analysing the national 
curricula and from examination papers can overlap or be complimenting for 
each other. 

Therefore, the first national curricula analysis consists of three sets of 
comparisons: 

1. Content of the National Curricula 
2. Teaching and learning, 
3. Assessment. 

The second assessment analysis also consists of three sets of comparisons 
1. General findings, 
2. Bloom's taxonomy, 
3. Klopfer's classifications. 

3-4-2 Questioning 
The second subset of questions relates to teachers' perceptions. Thus, the 
questioning method is employed. According to Ruddock (1981), this 
questioning method involves direct questions to participants or informants. 
It uses both surveys and personal interviews, which can be carried out 
though correspondence, telephone contact or personal contact (Ruddock, 
1981). 

3-4-2-1 Survey 
The survey method has been essential for fact-finding and is the main 
instrument for measurement (Charles, 1988). It has also been known as a 
useful instrument for establishing relations between different processes in 
education, and opening up for further questions (Charles, 1988). This is 

58 



useful to determine such things as opInions about education, attitudes 
toward the school system, home reading habits, and teachers' perceptions 
of their workloads. Surveys typically make use of questionnaires whose 
formats and contents are carefully prepared and refined before final use 
(Ruddock, 1981). 

Thus, a survey is a form of planned data collection for the purpose of 
description or prediction as a guide to action or for the purpose of analysing 
the relationships between certain variables (Oppenheim, 1966). As 
Wellington mentioned, a survey research most commonly uses a 
questionnaire, to give a 'wide picture' or 'an overview' by obtaining 'rapid 
data' (Wellington, 1998). Survey research is also known as qualitative in 
nature, such as people's views and perceptions of an issue, through using 
open-ended questions. Thus, the data can contribute to the development of 
a theory as much as interviews or observational data (Wellington, 1998). 

Therefore, the qualitative survey research methods are to be used for this 
research, exploring the sub-research question 'How teachers perceive that 
they teach and assess scientific enquiry including teachers' perceptions 
about the nature of science and scientific enquiry and opinions about the 
sample questions. This is to be done by means of a questionnaire and focus 
group interviews. In practice, a questionnaire seems to be a suitable way of 
collecting data in this instance because this research will explore teachers' 
perceptions and opinions. As Wellington argues (1998), data collected by 
questionnaires may even be richer and perhaps more truthful than data 
collected in a face-to-face interview. In addition, the respondents may be 
more articulate in writing or perhaps more willing to divulge views especially 
if anonymity is assured. Indeed, there must be potential with a suitably 
designed questionnaire for allowing free, honest and articulate expression 
and this is valuable. 

However, survey research by using questionnaires has disadvantages. As 
Wellington (1996) pOints out, survey research can provide answers to the 
questions about what, where, when and how, but often, does not find out 
why (Wellington, 1996). Thus, it can easily be superficial and may not be 
able to give an answer about reasons. In addition, if the design and 
planning of the survey is insuffiCient, the weaknesses in the design are 
frequently not realised until the results have to be interpreted (Oppenheim, 
1966). So, the results could lead to defective conclusions based on faulty 
inferences from insufficient evidence wrongly assembled and misguidedly 
collected (Oppenheim, 1966). Moreover, the survey research may find that 
the great interest lies in the facts about what people are thinking and 
saying rather than the facts of objective circumstances (Ruddock, 1981). 
However, one can never assume that what people say is true in any sense, 
even as an expression of what they are thinking. What they say about 
themselves and others is likely to have a measure of truth, but the 
relationship will always be problematic (Ruddock, 1981). 
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In order to avoid any of these, two attempts are applied. Firstly, the 
questionnaire needs to be incisive to be able to collect as sound as possible 
by several times piloting. Secondly, focus group interviews as a different 
method for the survey is employed based on the questionnaire part D to 
support and complement the findings from the questionnaire. 

In practice, several schemes of pilot research were carried out during July 
2004, March 2005 and April 2005 in order to improve the quality of survey 
instruments. As mentioned by Oppenheim (1966), if the design and 
planning of the survey is insufficient, the weaknesses in the design are 
frequently not realised until the results have to be interpreted (Oppenheim, 
1966). In addition, the research area tends to be complex and relatively 
new for teachers as shown in chapter 2. Consequently, the wording of the 
questionnaire and the type of questions used are taken into account in 
developing the questionnaire. 

Following this pilot research, the questionnaire was revised accordingly. 
Firstly, this pilot research focused on whether the content of the 
questionnaire is intimately related to the general plan or design of the 
survey in terms of wording and order of the questions. Secondly, the pilot 
research will suggest whether the result of the questionnaire is satisfactory 
in answering the research question in relation to the results of the 
documentary analysis of the examination papers. Finally, although the 
questionnaire is rather long with descriptive questions, it is considered to be 
the best option in finding an answer to the research question. 

However, the method of using the questionnaire seems insufficient for 
obtaining robust information. Particularly, it is difficult in asking teachers of 
their opinions about the sample questions, which have been selected from 
each test paper. So, an interviewing method for focus groups is employed 
in order to get a higher quality of information from each group of teachers. 

3-4-2-2 Focus group discussion 
There are many definitions of a focus group in literature. But features like 
'organised discussion' (KitZinger, 1995) or 'collective activity' (Powell, et ai, 
1996) social events (Goss & Leinbach, 1996) and interaction (Kitzinger, 
1995) identify the contribution that focus groups make to social research. 

Powell, et al (1996) define a focus group as 

a group of individuals selected and assembled by researchers to discuss and 
comment on, from personal experience, the topic that is the subject of the 
research. (Powel, et al, 1996, p499) 

Therefore, focus group research involves organised discussion with a 
selected group of individuals to gain information about their views and 
experiences of a topic. It is known that focus interviewing is particularly 
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suited for obtaining several perspectives about the same topic as well as 
being beneficial in obtaining people's shared understandings of everyday life 
(Powell, et ai, 1996). 

In comparison to other methods, focus group research has benefits. 
Firstly, it draws upon respondents' attitudes, feelings, beliefs, experiences 
and reactions in such a way as would not be feasible using other methods, 
for example observation, one-to-one interviewing, or questionnaire surveys 
(Morgan, 1988). These attitudes, feelings and beliefs may be partially 
independent of a group or its social setting, but are more likely to be 
revealed via the social gathering and the interaction which being in a focus 
group entails (Morgan, 1988). Compared to individual interviews, which aim 
to obtain individual attitudes, beliefs and feelings, focus groups elicit a 
multiplicity of views and emotional processes within a group context. 

Secondly, compared to observation, a focus group enables a researcher to 
gain a larger amount of information in a shorter period of time. 
Observational methods tend to depend on waiting for things to happen, 
whereas focus group research can be guided by a structured interview by 
the researcher (Morgan & Kreuger 1993). In this sense focus groups are not 
natural but organised events. 

According to Morgan (1988), focus group interviewing is a form of group 
interviewing but there is a difference between the two. Group interviewing 
involves interviewing a number of people at the same time, the emphasis 
being on questions and responses between the researcher and participants. 
On the other hand, focus groups rely on interaction within the group based 
on topics that are supplied by the researcher (Morgan, 1988, p12). 

Kitzinger (1995) argues that interaction is the crucial feature of focus 
groups because the interaction between participants highlights their view of 
the world, the language they use about an issue and their values and 
beliefs· about a situation. Interaction also enables participants to ask 
questions of each other, as well as to re-evaluate and reconsider their own 
understandings of their specific experiences. As a result, the gap between 
what people say and what they do can be better understood. 

However, problems arise when attempting to identify the individual view 
from the group view at first. According to Morgan (1988), the focus group 
researcher has less control over the data produced than in one-to-one 
interviewing. Participants are to allow each other to discuss together, ask 
questions and express doubts and opinions, while having very little control 
over the interaction other than generally keeping participants focused on 
the topic. By its nature, focus group research is open-ended and cannot be 
entirely predetermined. In addition, it could not be assumed that the 
individuals in a focus group are expressing their own definitive individual 
view. They are speaking in a specific context, within a specific culture, and 
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so sometimes it may be difficult to clearly identify an individual message 
(Morgan, 1988). 

Secondly, there is a difficulty in the practical arrangements for conducting 
focus groups (Kitzinger, 1995). It may not be easy to get a representative 
sample in practice. It is said that organising focus group interviews usually 
requires more planning than other types of interviewing, as getting people 
to group gatherings can be difficult and setting up appropriate venues with 
adequate recording facilities requires a lot of time (Kitzinger, 1995). 

Thirdly, the focus group research has limitations in terms of their ability to 
generalise findings to a whole population, mainly because of the likelihood 
that the participants will not be representative samples (Kitzinger, 1995). 
Therefore, it can only be used as a complement to other methods, 
especially for triangulation and validity checking (Morgan, 1988). 

Finally, the recommended number of people per group is usually six to ten 
but some researchers have used up to fifteen people (Goss & Leinbach 
1996) or as few as four (Kitzinger 1995). Numbers of groups vary, some 
studies using only one meeting with each of several focus groups, others 
meeting the same group several times. Focus group sessions usually last 
from one to two hours (Kitzinger 1995). 

Therefore, in this research, focus group research is to be used as a 
complementary means and used for the purpose of the triangulation of the 
survey research. The questions for the focus group research are related to 
how participants teach scientific enquiry in terms of their perceptions and 
practices, how they find out the selected questions from each test paper 
and what they think concerning ways in which teaching SCientific enquiry 
can be improved. 

To sum up, the purpose of this survey research using a questionnaire and 
focus group interview, is to discuss and discover teachers' views about the 
nature of science and scientific enquiry and their opinions about teaching 
and assessment within the area of scientific enquiry, including how teachers 
overcome the difficulties inherent within the element of the nature of 
science and of scientific enquiry as a way of teaching science. In addition, 
the research will include teachers' views of sample questions, which have 
been selected from the test papers. 

3-5 Data analysis 
This refers to the _process of transforming 'raw' data into variables that can 
be analysed to produce the information found in the results (Swift, 1996). 

The data, on which the research question is based, is not' found in the 
world' but is constructed by researchers (Swift, 1996). In other words, 
knowledge is constructed because it all depends not just on perception but 
on interpretation of what we experience (Swift, 1996). Therefore, the main 
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pOint of data analysis is how to get data into the best shape for analysis in 
order to answer the research questions. 

This research will be collected threefold: documentary analysis of the 
National Curricula and examination papers using assessment framework, 
survey research for teachers in both groups and focus group research in 
both groups. 

The analysis of examination papers will be carried out by numerical data 
analysis using spread-sheet programme with general analysis of the 
examination papers. The questionnaires for science teachers are to be 
analysed quantitatively. Finally, the focus group research will be Tran 
scripted and coded for analysing qualitatively by using appropriate 
computer programmes. 

3-6 Data categorisation and comparison 
After the data is collected and analysed accordingly, a comparison will be 
made in order to find out the answers to the research question. The first 
step is to find out commonalities and differences. Then, inferences as an 
international comparative study and implications for the quality of education 
will be added in the light of the contemporary views about science with 
literature review. This process will involve various interpretations of the data 
acquired from the research in order to find out appropriate explanations for 
the results. Thus, it may be useful to take account of section 3-2 
comparative education which referred to the strengths and weaknesses of 
comparative education. This stage may involve a danger of 
misinterpretation and ethnocentrism while the data collected and analysed 
is being interpreted. Thus, as mentioned at 3-2, the interpretation of the 
data should be to maximise strengths and minimise weaknesses. The 
following section describes the quality of the research, including how to 
maximise strength and minimise weaknesses. Then ethical issues will be 
added for consideration while the research is being carried out. 

3-7 Quality required in research data 
Research conclusions cannot be taken seriously if there is any question 
about the quality of the data from which the conclusions are drawn. 
Researchers, therefore, scrutinize data to make sure it is authentic, 
believable, valid and reliable. 

In the analysis of curricula, the authenticity and believability of the 
documents are important. It may also be important to use cross-references 
when referring to similar topics in different literature in order to reduce 
interpretational errors. Updated references as a first source may also be 
important because the national curriculum and related policies can be 
revised from time to time. 
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In the analysis of examination papers, objectivity and fairness are crucial 
because the examination papers have different purposes, types, structures 
and numbers in one given test paper. As the questions are analysed and 
categorized, it is important to keep using the same measurement. The 
detailed explanations are in each chapter. 

In the analysis of data from questionnaires and focus group interviews, 
these processes are mainly analysed qualitatively. Thus, it is crucial for the 
researcher to take into account objectivity and fairness. Then, it also needs 
to consider factors, which can affect interpretations of the data. As the data 
is compared with the results of documentary analysis, the data may be 
interpreted accurately without being biased. 

3-8 Ethical issues 
Recent concerns about the quality of data involve ethical issues, as the data 
is manipulated for the purpose of research. A study population may be 
adversely affected by some of the questions directly or indirectly. 

Consideration must be given to anonymity. In this research, individual 
teachers' names, schools and institutions are not revealed. In most cases 
this is easily achieved by the use of fictional names and the exclusion of 
information that would enable institutions and or individuals to be identified 
(Brown and Dowling, 1998). Another consideration must be given to the 
possible use of information in a way that directly or indirectly adversely 
affects respondents, which of course is unethical. Thus, it is necessary to 
consider whether information can be used to adversely affect the study 
population and if so, how the study population can be protected (Brown and 
Dowling, 1998). Thus, in this research, all the data collected from the 
teachers by completing questionnaires and participating in focus group 
discussions are dealt with confidentially and anonymously. Teachers are to 
be told how the given information is to be used and to be informed that the 
information is only being used for academic purposes. 

Finally, there is a danger of being biased, particularly in a comparative 
study. It is said that bias is different from subjectivity, which is related to a 
person's educational background, training and competence in research and 
philosophical perspective (Brown and Dowling, 1998). Bias is rather a 
deliberate attempt either to hide what the research reveals or highlight 
something disproportionately to its true existence. Bias on the part of the 
searcher is unethical (Brown and Dowling, 1998). 

This chapter has included the research structure and main research 
methodology, which has been employed in order to collect data. In 
addition, it includes advantages and disadvantages of each methodology 
and describes the quality of data and process of data analysis. 

The following chapter is a documentary analysis of the national curricula in 
respect of goals, content, teaching and assessing. 
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Chapter 4 Documentary analysis in 
the National Curricula 

This chapter is to explore the sub-question mentioned at 3-1: 'What is taught 
in scientific enquiry in the national curricula in England and Korea?~ Prior to 
carrying out a documentary analysis of the national curricula, it may be 
necessary to consider the backgrounds of education in order to understand 
and interpret data from the results through analysing the sample documents. 
This chapter will, then, include similarities and differences in the aims, 
content, teaching and learning and assessment in the national curricula 
between two countries through documentary analysis. Finally, it will discuss 
the emerged commonalities and differences in the results in the light of the 
contemporary view of science and quality of education. 

4-1 Background 
This section includes a brief history of the national curricula, a brief structure 
of education and its distinctive characteristics and outlines the new direction 
in which the national curricula are heading. 

4-1-1 Korea 
The Korean National Curriculum covering the entire range of schooling from 
primary school (6-11yrs), middle school (12-14 yrs) through to high school 
(15-17yrs) has been implemented since 1948 (KEDI, 1988). 

Traditionally, the MOE (Ministry of Education) has developed the National 
Curriculum specifying not only school curricula, but also the number of 
required school days and the time to be allotted at each school level, in 
accordance with which the hours of instruction and other specific 
management details relating to each individual subject are further 
determined (Han J H, 1995). 

According to the time allotment standards, science in middle schools is 
classified as a required subject so that children in yr7 are supposed to have 
3 lessons a week and pupils in yrs 8 and 9 should have 4 lessons a week 
(MOE, 2001b). Those lessons refer to minimum allotted times and a lesson 
lasts 45 minutes. 

One notable feature of the national curriculum in Korea is that it has an 
inextricably close-knit relationship with textbooks (Han J H, 1995). The 
textbooks have developed and been revised on the basis of the National 
Curriculum to provide detailed guidance on how to implement the National 
Curriculum into daily classroom teaching (Han J H, 1995). As a result of this, 
the teachers' guide to a textbook not only identifies the National Curriculum 
content and teaching methods but also the level of achievement to be 
reached by their pupils (Han J H 1995). 
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SCience textbooks combine physics, biology, chemistry and earth science for 
middle schools and similarly for high schools up until year10, but science 
textbooks are divided into 4 subjects for yrs 11 and 12 (MOE, 2001a). As a 
consequence, Korean schools are regarded as having become standardised 
and unified in terms of curriculum. Kim J C describes this as follows: 

There seems to be only one school in Korea for all schools have the same 
curriculum content and the same teaching methods (Kim J C, 1998, p20). 

There are 4 school-based assessments in Korean middle schools. These 
scores are taken into consideration when applying for high school. High 
schools (15-17) in Korea are basically decided on a selective basis. The 
majority of children choose academic high schools, which prepare them for 
entry into colleges and universities. Children who have a lower achievement 
are not encouraged to go to academic high schools but to go to commercial 
or industrial high schools (Kim J C, 1998). Special purpose high schools for 
those with outstanding achievements in areas such as science or art arrange 
their own screening process (Han J H, 1995). In major cities, where an 
'equalization policy' (KEDI, 2001) is applied, there is no entrance examination 
for high schools upon graduation from middle schools. In non-equalisation 
policy areas, qualifying examinations are administered by individual high 
schools, taking into account the school based examination results (Han J H, 
1995). 

4-1-2 England 
The national curriculum in England was implemented in schools in 1988, 
much later than in Korea. It was defined as 'the minimum educational 
entitlement' for pupils of compulsory school age (QCA, 2003a). It now covers 
Key Stage1 (5-7yrs), Key Stage 2 (7-11yrs), Key Stage 3 (11-14yrs) and Key 
Stage 4 (14-16yrs). 

It is said that the national curriculum does not constitute the whole 
curriculum for schools. Rath-er, schools have discretion in developing the 
whole curriculum to reflect their particular needs and circumstances (QCA, 
2003a). It is also mentioned that the national curriculum applies to all pupils 
aged 5-16 in maintained schools but it does not apply to children in 
independent schools, although those schools may choose to follow it (QCA, 
2003a). The National curriculum encompasses common requirements, 
programmes of study and attainment targets (QCA, 2003a). 

Basically, teachers refer to the national curriculum as a guide for their 
teaching, although individual schools develop their own school curriculum. 
Therefore, individual schools seem to have more autonomy than Korean 
schools in terms of making decisions regarding the content of the school 
curriculum and allotting time for lessons and subject-related activities (KEDI, 
2001). Although there is slight variation between individual schools, science 
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lessons are generally 3 hours per week for those children who are supposed 
to sit the end of Key Stage 3 test (Keys, et ai, 2000). Therefore, the allotted 
time for sciences is more or less similar to that of Korea, which is 3 hours a 
week for yrs 8 and 9 (MOE, 2001b). 

The national curriculum tests in England are based on criterion reference 
system indicating the level of achievement. For example, the majority of 
children at the end of Key stage 3 are expected to reach level 6 out of a 
possible range of 4-7 in science. It is said that the QCA (Qualifications and 
Curriculum Authority) provides optional tasks to support teacher assessment 
of pupils working above or below the level of the tests (QCA, 2003b). In 
addition, there are two oyerlapping types of examination papers at the end 
of Key Stage 3, those relating to levels 3-6 and those for levels 5-7 so that 
the examination can be chosen in accordance with the children's abilities 
(QCA, 2003b). The Korean examination papers have only one indicating 
norm referencing in Korea. 

However, despite its more recent introduction, it is clear that the national 
curriculum in England has become more influential in schools over the past 
10 years due to the requirements made by it' and by the imperatives imposed 
by more tests (Brooks, 2002). Particularly, in England, schools have been 
required to set targets for the percentage of pupils achieving more than level 
5 in SCience, Mathematics and English at the end of Key Stage 3 (Brooks, 
2002). It is said that this approach entails performance norms and the 
setting of individual performances against themselves (Brooks, 2002). 

4-1-3 The direction of the national curricula in England and Korea 
The implementation of the 'science for all' recommendation in the English 
science curriculum during the 1990s resulted in the compass of the science 
content in the national curriculum being extended beyond the traditional 
conceptual content of physics, chemistry and biology to include earth and 
space sciences and applications of science and technology, as well as various 
versions of the nature of science and technology (Fensham, 2000). 

At the same time, 'the science for all' movement influenced the revision of 
the national curriculum in Korea as well (Fensham, 2000). It seemed to be 
well accepted within the Korean educational situation, which had already 
recognised the need for change and was concerned about radical educational 
reform for scientific enquiry, scientific creativity and new values (Kim J C, 
1998). The latest revision, called 'the ih national curriculum', was 
implemented in middle schools in 2001(MOE, 2001d). 

Both England and Korea have similarities in education although they have 
different historical backgrounds and educational systems. Firstly, students 
from both countries have achieved much higher marks than other OECD 
countries in the international comparative studies. The 'Science for all 
movement' has also influenced the national curricula in both countries. 
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Secondly, there are some common features within English and Korean 
schools when children are in primary school and up until Key Stage 3 in 
secondary school (i.e. primary to middle school) in terms of compulsory 
education. Thirdly science is regarded as a universal subject, along with 
mathematics so that many elements overlap in both the Korean and English 
science curricula. 

However the Korean National Curriculum (KNSC) has been developing toward 
more flexibility and diversity from the rigidly structured curriculum reflected 
in the ih national curriculum. By contrast, the English National Curriculum 
(ENSC) has brought more structure and assessment into secondary 
education in order to maintain the standard of achievement (Brooks, 2002). 

At this pOint, it seems timely to compare both science curricula objectively in 
terms of aims, content, teaching & learning and assessment, in order to 
support further research of curriculum development. Additionally, it may also 
be necessary to provide information to enable further comparative studies to 
be carried out as to how high-stake examinations affect teachers' teaching in 
the area of scientific enquiry. 

4- 2 Research Methodology 
This part of the study is to carry out a documentary analysis looking into the 
National Science Curricula, textbooks, examination papers, standard of 
achievement, schemes of work, other official documents and related 
research. The focus of this study will also be on the Key stage 3 science 
curriculum and the end of Key Stage 3 tests relevant to the national science 
curriculum for middle schools and the examinations taken during year 9 in 
Korea. Therefore, this study consists of three sets of comparisons. 

1. Content of the National Curricula 
2. Teaching and learning 
3. Assessment 

4-2-1 Sampling 
In this study, the comparison will focus on the Key stage 3 Science 
Curriculum (ENSC) and tests at the end of Key stage 3(KS3 test) relevant to 
the National Science Curriculum (KNSC) for middle schools and the 
examinations during year 9 in Korea. Due to the differences in the way the 
content and assessment of the curricula are structured in both countries, it is 
necessary to look at the entire Key Stage 3 science curriculum in terms of 
content analysis. 

Although the Korean examination papers are not nationally based, most 
Korean schools are regarded as having tests with· a similar content and 
method of assessment because the schools use authorised textbooks. The 
high school entrance examination (HE examination) papers are from 
Kyunggi-Do, which is known as a non~equalised area taking high school 
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entrance examinations, while school based examination papers are from P 
Middle School in Seoul, which is known as an equalised a'rea, not taking HE 
examinations. The HE papers are obtained from KICE (Korean Institute of 
Curriculum and Evaluation) and , school based examinations are from the 
Zocbo company (www.zocbo.com) which sells examination papers 
commercially. Both school based and high school entrance examination 
papers are chosen randomly in accordance with the practice of non
equalisation areas and equalisation areas in 2003. Table 4 shows sampling 
documents and the KS3 examination papers and their counterpart 
examination papers in Korea. 

Curriculum content * Key stage 3 National 
Strategy 
* A scheme of work for key 
sta 3 

Teaching & * Key stage 3 National 
learning Strategy 

Assessment 

Examination 
papers 
(2003) 

*A scheme of work for key 
sta ' 3 
* Common requirements, 
*Attainment ta 

* Korean National Science curricu lum 
(KNSC) 

* Explanation of the 
curriculum in Science 
* Textbooks 
Middle school science 

National 

In order to look into teaching and learning, Key stage 3 National Strategy 
(DfES, 2002) and a scheme of work for Key Stage 3 (QCA, 2001c) for 
England and Explanation of the ih National Curriculum in science (MOE, 
2001b) and textbooks (Lee S M, et ai, 2000; 2001; 2002) are used. These 
documents provide detailed descriptions of the national curricula content 
along with teaching and learning each year. As mentioned in the background 
section, Korean textbooks provide detailed guidance on how to implement 
the national curriculum into daily classroom teaching (Han J H, 1995). 

Common requirements and target attainments include the national 
curriculum in England along with the relevant programme of study, a 
description of each level pupils would reach however, whilst Target 
achievement and Standard of assessment are separate from the national 
curriculum in Korea it includes similar content to common requirements and 
target attainments in England but with suggested examples and assessment 
instruments ((KICE, 2001). 
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4-2-2 Limitations of this documentary analysis 
There are limitations in making comparisons objectively and directly because 
both countries have different educational systems and assessment regimes in 
terms of curriculum structure, types and purposes of assessment, 
administration and so on. For example, Korean assessments for middle 
schools are not externally standardised tests but school based tests plus 
locally administrated tests depending on the area. Although most middle 
schools in Korea use authorised textbooks, it may still be a limitation for 
making an objective comparison. Thus, the content of KNSC is re-arranged in 
a way in which the ENSC is structured in order to find out common or unique 
areas from the national curricula. In terms of sample examination papers, 
the Korean examination papers are selected from P middle school (Seoul, 
state boys school) where 'equalization policy' is applied and HE examination 
papers from the area where non-equalisation policy is applied. There is a 
difficulty in making a comparison between KS3 tests and school-based 
examinations because. school based examinations are rather similar to the 
end of topic tests, which are likely to cover certain topics. Whilst HE 
examinations comprise a whole range of the middle school curricular content 
as well as external standardised examinations. So, for the further analysis in 
chapter 5, it may be necessary to explore both school based examinations 
and HE examinations in order to make a comparison relevant and to be able 
to consider generalisation. The marking scheme for KS 3 tests is used as a 
standard in analysing examination questions. Details are addressed in section 
4-3-4. 

4-3 Results and analysis 
4-3-1 Content of the National Science Curricula 
The English National Science Curriculum (ENSC) consists of areas of scientific 
ideas and scientific enquiry. There are 5 areas of scientific ideas, which 
include cells, interdependence, particles, forces and energy (QCA, 2001a). 
The requirements of what pupils should understand, know and be able to do 
in each area are specified, so the teaching plan and formative assessments 
should centre on them (QCA, 2001a). Scientific enqUiry is regarded as having 
a central place in science and directly links practical experience with scientific 
ideas (QCA, 2001a). It is suggested that the principles of scientifjc enquiry 
generally link with scientific ideas rather than being left to special 
'investigative science' (QCA, 2001a). Scientific enquiry also include in 
scientific investigations as one of the topics in the Key Stage 3 study 
programme (QCA, 2001a). 

In addition, it is said that the ENSC develops like a spiral structure so that 
the content of each category is studied in more and more depth each year. 
Table 5 shows the areas of the programme of study in the ENSC. 
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Scientific enquiry Scientific enquiry 

Biology -Cells 
-Interd ndence 

Chemistry -Particles 

Physics -Energy 
-Forces 

The content of the Korean National Science Curriculum (KNSC) comprises 
scientific knowledge (scientific ideas' in the ENSC) and scientific enquiry. 
The scientific knowledge areas consist of energy, materials, life and the Earth. 
Then, each area is divided into 4 sub-sections; such as the energy area 
being divided into force/motion, electricity, waves/sounds and energy as 
shown in Table 6. 

JorcejMotion 
-Electricity 
-Waves 

-The properties of materials 
. -The structures of materials 
-The changes of materials 
-The cha es of en 
_Diversity of life 
-Ecology 
-Continuity of life 
-Metabolism and Stimulu nse 
-Circulation of waterj Atmosphere 
-Materials of the Earth 
-The movement of the Earth 
-The solar and our 

The curriculum content in each year 7, 8 and 9 is different because it is 
determined by the children's ability of conceptual understanding (MOE, 
2001c). According to the ih National curriculum explanation paper, the 
content for year 7 is designed to include more phenomenon and less 
conceptual contents, whereas the content for year 8 and year 9 include more 
conceptual ideas (MOE, 2001a). 

Due to the way the curricular content from both countries is structured 
differently, making a comparison seems to be difficult. Thus, the content of 
KNSC has been re-organised in the way that the ENSC is structured, such as 
'cell' and 'particle' because the KNSC contains far more content areas that 
can cover all the areas of the ENSC except for scientific enquiry. Table 7 
shows the area of scientific ideas in both curricula. Although the latest ih 
national curriculum in Korea seems to have similar features to that in 
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England in terms of greater autonomy being given to individual schools in 
organising their own school curriculum and less curriculum content than in 
the previous one, the Korean curriculum content is still more extensive than 
the English one, while overlapping in most of the science idea areas. In 
addition, they seem to have a unified school curriculum because the schools 
use authorised textbooks, as specified by the MOE. 

Table 7 The areas of scientific ideas in both curricula 

Reproduction 
Environment and feeding relationships 
Variation and classification 
Acids and Alkalis 
Simple chemical reactions 
Particle model of solids, liquids and gases 
Solutions 
Energy resources 
Electrical circuits 
Forces and their effects 
The solar system and beyond 

Food and digestion 
Respiration 
Microbes and disease 
Ecological relationships 
Atoms and elements 
Compounds and mixtures 
Rocks and weathering 
Rock cycle 
Heating and cooling 
Magnets and electromagnets 
Light, 
Sounds and heari 
Fitness and health 
Inheritance and selection 
Plants and photosynthesis 
Reactions of metals and metal compounds 
Using chemistry 
Environmental chemistry 
Energy and electricity 
Pressure and moments 

Microscope and cells 
Digestion and circulation 
Respiration and excretion 
Motions of molecules 
Materials in earth's crust 
Composition and motions of sea water 
Force 
Waves 
Structure of the Earth · 
The changes of state and energy 
Particle model of solids, liquids and gases 
Light 

Various motions 
Properties of materials 
The earth and space 
Structure and function of plants 
Stimulus and response 
History of the earth and its crustal 
disturbances 
Electricity 
Separation of mixtures 

Reproduction and development 
Work and energy 
Composition of materials 
Water circulation and weather changes 
Pattern in chemical changes 
Magnetic field and electrical energy 
Movement of solar system 
Inheritance and evolution 

In this section, in order to show details of the content of each curriculum, 
the KNSC has been re-arranged to correspond with 6 categories of the ENSC 
plus the area of earth science, which the ENSC does not consider separately 
but as a part of physics. 
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1. Cells 
In this section, the KNCS is more extensive and in depth than its English 
counterpart, having more detail in terms of structure and function of plants, 
inheritance, and evolution as shown in Appendix 1. There are many common 
topics in year 7, such as a simple model for cells, a one cell organism, 
nutrients, digestion, circulation, respiration and so on. 

2. Particles 
The amount of content in both curricula seems to be similar in the area of 
particles. However, the ENSC seems to describe particle theory more as 
'phenomenon' and 'in less conceptual ways' than in the Korean one (MOE, 
2001b). For example, the content of the KNSC contains the gas reaction law, 
Avogadro's law, and so on, which are taught in a higher year group in 
English schools. The KNSC contains more abstract forms of knowledge 
demanding mathematical ability to understand concept such as· the 
relationship between pressure, volume and temperature. The details are 
shown in Appendix 2. 

3. Forces 
In the area of forces, both curricula seem to be similar in content. However, 
the content of the KNCS seems to be rather fragmentary. It also includes 
more mathematical content such as calculating 'work' and 'efficiency' is 
shown in Appendix 3. 

4.Energy 
There are differences in structure between the two curricula at this point, so 
it may be difficult to compare them directly. This is mainly because the 
counterpart of energy in the KNSC spreads out into other areas, such as 
forces, particles, and interdependence. For example, 'electrical energy' is not 
found in the area of energy but in the forces-electricity section. However, the 
KNSC still seems to cover the majority of the ENCS under this heading of 
energy. The details of this area are shown in Appendix 4. 

5.Interdependence 
In the KNSC, the interdependence area is mainly found in the topic of 
'human and environment' in year 9. However, due to an increased emphasis 
on the environment, the ih National curriculum began to separate thi;S from 
the science curriculum, forming a new subject called 'Environment' (MOE, 
2001b). As a result of this, the ih National Science Curriculum does not 
contain the interdependence area. Instead, the subject of 'Environment' was· 
implemented in 2003, so that it may be necessary to look at the 'human and 
environment' part in the previous National Curriculum (Kang D H, et ai, 
2000). The details are shown in Appendix 5. 

6. Earth science 
The Earth science area is far more prominent in the KNSC compared with the 
ENSC because it contains far more content in that area. Basically, the KNCS 
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consists of the same proportion of content in this area as in the other areas 
of science such as life (Biology), energy (Physics) and matter (Chemistry). 
This area also involves a lot of mathematical content and demands a higher 
conceptual understanding, such as the brightness and distance of stars and 
the size of the moon, sun and earth and so on. However, the ENCS puts 
earth science as either a part of physics or a part of Geography. The details 
are shown in Appendix 6. 

7. Scientific enquiry areas 
Although both curricula place great emphasis on their scientific enquiry 
areas as the aims, they show different applications in the curriculum content 
as shown below. 
England: 
..... because it helps pupils to understand how scientific ideas are developed 
and because the skills and processes of scientific enquiry are useful in many 
everyday applications. SCientific enquiry provides opportunities for pupils to 
consider the benefits and developments and in the environment, health care 
and quality of life (DfE5, 2002) 

Korea: 
.... in order to foster scientific literacy for the citizen of the future through 
scientific enqui~ pupils should be taught scientific concepts enabling them 
to make everyday applications and to foster enquiry with the ability to 
investigate natural phenomena and to understand the relationship between 
SCience, technology and society(MO~2001b) 

The ENSC describes scientific enquiry as part of a programme of study as 
well as the method of teaching science (DfES, 2002). The ENSC scrutinise 
what pupils should be taught each year as a part of a programme of study 
as shown in Table 8. Like other key areas of SCience, the elements of 
scientific enquiry are described such as ideas and evidence, planning, 
obtaining and presenting evidence, considering evidence and evaluating. In 
addition, there is a scientific investigation unit in the scheme of work for 
year 9, which is expected to take 7-12 hours (QCA, 2001b). 

On the other hand, the KNSC does not specifically mention scientific enquiry 
in the curriculum content. Instead, it says that 'scientific enquiry areas are 
integrated into every science lesson' even though no practical work or 
experiments are involved (MOE, 2001b). Thus, the KNSC seems to be 
putting its emphasis on teaching the science content with enquiry rather 
than on scientific enquiry itself. In the KNSC, there is no specification of a 
scientific investigation unit. Instead, pupils are expected to carry out 
scientific investigation once a year (MOE, 2001a). The details of scientific 
enquiry in the National Curricula are explained in Chapter 2. 

Table 8 is shows the inclusion of scientific enquiry in the ENSC whereas 
the KNSC does not mention it as a separate content of curriculum, as 
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shown in table 2 in chapter 2. 

Table 2 Scientific enquiry in the Korean National Science curriculum (KNSC) 

Basic 
en 

Integrated 
enquiry 

Enquiry 
activities 

Observation, classification, measurement, prediction, reasoning 

Finding problems, Setting up hypothesis, Transformation of 
information, Interpretation of data, Controlling factors, Drawing 
conclusi Generalisation 
Investigation, Discussion, Research, Presentation, Field trips 

In the KNSC, scientific enquiry seems to be limited within the national 
curriculum as a teaching method or ways to enhance lJnderstanding of 
science content. For example, in the 6th national curriculum, the area of 
scientific enquiry was structured in a way that each section relating to 
science knowledge was organised according to relevant scientific enquiry 
activities. For example, 'classification', was integrated into elements, plants 
and animals. 'Research' was integrated into 'use of energy', 'use of electrical 
energy' and 'brightness of stars' (Kang D H, et ai, 2001). However, in the ih 
national curriculum (KNSC) it does not mention scientific enquiry activities. 
Thus, teachers are required to set up relevant enquiry activities relating to 
the scientific knowledge in the classrooms. 
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Table 8 Details of sCientific enquiry in the ENSC 
Scientific Enquiry 
Year 7 YearS 
*Consider early 

scientific ideas: -
experimental 
evidence 

and creative thinking 
-scientific explanation 
*Use of scientific 

knowledge 
-how ideas and 
questions can be 
tested 

* Identify and control 
the key factors 

* Select and use 
appropriate 
equipment 

* Use repeat 
measurement to 
reduce error 

*Present and 
interpret 
experimental 
results drawing 
conclusions 

*Evaluate the 
strength of 
evidence (in bar 
charts( graphs) 

*Consider some early scientific 
ideas not matching present
day evidence 

-new creative thinking 
-scientific explanation 
*Identify more than one strategy 

for investigating questions : 
-recognise that one enquiry 

might yield stronger evidence 
than another 

*Recognise required resources 
-information or data 

*Use a range of first-hand 
experience( 

-use secondary sources of 
information 

-use ICT to collect( store and 
present information in a variety 
of ways including the 
generating of graphs 

*Use appropriate range( 
precision and sampling when 
collecting data 

-explain why these and 
controlled experiments are 
important 

*Draw conclusions from their 
own data 

-describe how their conclusions 
are consistent with the 
evidence obtained using 
scientific knowledge and 
understanding to explain them 

* Consider whether an enqUiry 
could have been improved 

Year 9 
*Explain how scientific ideas 
have changed over time 

-describe some of the positive 
and negative effects of 
scientific and technological 
developments 

*Select a suitable strategy for 
solving problems. 

-identify strategies appropriate 
to different questions( 
including those in which 
variables cannot be easily 
controlled 

*Carry out preliminary work 
such as trial runs to help 
refine predictions to suggest 
improvement to the method 

*Make sufficient systematic 
and repeated observations 
and measurements with 
precision 

*Select appropriate methods 
for communicating qualitative 
data 

*Describe patterns in data 
-use scientific knowledge and 
understanding to interpret 
the patterns( make 
predictions and check 
reliability 

* Describe how evidence or 
the quality of the product 
supports or does not support 
a conclusion from their own 
and other enquiries. 

* Consider whether an enquiry 
could have been improved 

To sum up, science is a universal subject, taught with similar content and 
with more or less the same amount of time at the KS3 level in both countries. 
There are slight differences, however. Primarily the KNSC contains more 
content knowledge than the ENSC. Secondly, the most prominent areas are 
scientific enquiry in the ENSC as opposed to earth science in the KNSC. In 
addition, the KNSC contains more abstract forms of knowledge such as laws, 
prinCiples, theories and more mathematical content. The following concerns 
teaching and learning in accordance with the curriculum content. 
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4-3-2 Teaching and learning 
The ih national curriculum was implemented in the middle school year 7 in 
Korea in 2001 and in years 8 and 9 in 2002. As a result of this, some middle 
schools have not yet completed the whole school curriculum but have been 
following teaching and learning according to the new text books (MOE, 
2001d). Therefore, only now will middle schools have been able to pursue 
the ih national curriculum at all levels. Although they have been teaching 
according to the new textbooks it remains to be seen how well the 
curriculum has been integrated. 

As shown in Appendix 1-6, the KNSC contains an extensive coverage of 
areas of scientific knowledge ('scientific ideas' in the ENSC) and less 
application of the scientific enquiry area, in spite of the statement 'Every 
Jesson should be a process of enquiry' in the 7th national curriculum. The 
KNSC contains greater detail of scientific knowledge and demands a higher 
conceptual understanding. Consequently, teaching practice may involve a 
greater emphasis on conceptual understanding rather than on its application. 
Also lesson time in Korean classrooms only lasts 45 minutes, which many 
teachers claim is too short in which to do any practical work (MOE, 2002). 
Another factor is that in Korea, pupils stay in the same classroom for most 
lessons whilst the teachers move from room to room. As a result of this, 
practical work and experiments in the laboratory seem to be less apparent 
than in English schools. Thus, science lessons do not seem much different 
from lessons in other subjects. 

On the other hand, in England, pupils move from classroom to classroom 
and science lessons normally take place in a laboratory and at least 50% of 
science lessons involve practical work (Woolnough, 1991). The ENSC 
develops like a spiral structure so that the content of each category is 
studied in more and more depth each year. On the other hand, the KNSC is 
more like a staircase that is structured and determined by pupils' ability in 
conceptual understanding (MOE, 2001c). Due to the staircase like structure, 
the KNSC tends to be a rather fragmented structure, for example 'natural 
phenomena' related topics to lower year groups and higher conceptual 
topics are allocated to higher year groups (MOE, 2001c). In addition, 
although individual schools are different, a teacher usually teaches a certain 
year group within one academic year whereas in England a teacher teaches 
a range of different year groups. Therefore, this may affect teaching and 
learning in Korea where a teacher is segregated and isolated from other year 
groups. 

In addition, although the KNSC in Korea mentions the differentiation of 
groups according to a student's ability, most classes seem to comprise 
students of varying abilities. Because of this, teachers tend to give some 
tasks to the more able pupils and different tasks to the less able. These are 
normally completed during the supplementary lessons, which make up 20% 
of the allocated lessons (MOE, 2001a). During this allotted time, teachers are 
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encouraged to get the pupils to do scientific enquiry activities (MOE, 2001a). 

To sum up, there may be differences between England and Korea in science 
lessons mainly because of differences in the nature of the curriculum content 
and in school management. Some aspects are explained further in the 
teacher survey in chapter 7. 

4-3-3 Assessment 
For the English national curriculum, year 9 pupils sit tests at the end of Key 
Stage 3. This is a nationally based examination, which is supposed to 
examine whether the target attainments of the national curriculum have 
been achieved by year 9 students. It is also aimed at evaluating not only 
individual schools but also the curriculum content (QCA, 2001b). 

In school based summative tests, individual schools have different ways of 
assessing pupils. Once pupils take tests, they have finished a particular topic, 
including homework and performance assessments. Pupils in most schools 
are also assessed using end of year tests. The outcome of the assessments 
can be used to group pupils according to their ability, to report to parents 
about their progress and for the keeping of achievement records. 

On the other hand, in the Korean curriculum, pupils sit school-based tests 4 
times an academic year during their middle school schooling, alongside 
various performance assessments and homework. All the achievement 
records of pupils playa critical role when considering their entry into high 
school. In some areas, there are provincial based entrance examinations 
along with the achievement records for year 9 pupils. A particular exception 
is in the cities where there are no entrance examinations. However, pupils 
who want to go to special purpose high schools specialising in subjects such 
as art, science, foreign languages and commercial high schools are still 
required to take entrance examinations administered by each high school as 
well as their achievement records from middle school being taken into 
consideration. 

In England, with regard to achievements, the Department for Education and 
Skills (DfES) mentions that most pupils at Key Stage 3 in English schools are 
expected to achieve level 6 in year 9 with slower learners expected to get 
level 4/5 and better learners expected to achieve 7/8 as indicated in Table 9. 
It is said that the level descriptions are designed to be used as a best-fit 
model at the end of a key stage to encompass this variation in performance 
(QCA 2001a). 
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In contrast, the standard of achievement in the KNSC is divided into 3 levels 
without any reference to the equivalent level of each year group, simply 
. stating High level, Medium level and Low level in each year group. It is 
assumed that most pupils will attain a 'Medium' or' High' level (KICE, 2001) 
as shown in the table below. 

achievement of each level in Korean Middle schools 

Despite the clear developments in assessment procedures for a nationally 
based examination have not yet been developed for Korean schools. It ma~ 
be necessary to develop an assessment system in order to evaluate the i 
national curriculum to support its implementation in individual schools and to 
maintain standards in terms of content, teaching and assessment of the 
curriculum (KICE, 2001b). Although the ih national curriculum recommends 
middle schools to use a criterion referencing assessment, traditional ly the 
entrance examination is used on a selective basis, taking into account the 
records of achievement that are conducted 4 times a year in middle school. 
Thus, in Korea, the norm referencing and selection continues to be the major 
purpose of assessment rather than monitoring and diagnosis. In addition, 
although there are the quarterly school-based examinations, the 
examinations' content and context are similar across middle schools, as 
mentioned in the background section (Kim J C, 1998). Therefore, the next 
step of analysis is to study the examination papers themselves. 

4-3-4 Examination papers 
There is a difference in the assessment regime between England and Korea 
as mentioned above. In order to make a fair comparison, two different sets 
of Korean examination papers have been used: high school entrance 
examination (HE) papers and quarterly school based examination papers for 
year 9 from a randomly chosen middle school (p) as a counterpart to the 
KS3 examinations papers. These were obtained through the commercial 
website (www.zocbo.com). The former represents the non-equalisation 
policy applied in areas where pupils have to sit the high school entrance 
examinations, the latter represents the 'equalisation' policy applied in areas 
where pupils do not take HE examinations as explained at 4-1. 
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This analysis is based on the marking scheme used for papers 1 and 2 in 
2003 in order to give comparability and objectivity to this analysis of 
examination papers. All the questions in each paper have been categorised 
into scientific enquiry (5c1), biology (5c2), chemistry (5c3) and physics (5c4). 
As the EN5C puts earth science as a part of physics, earth science content in 
the Korean questions were classified under physics (5c4). Table 11 shows 
the total mark given to questions and the proportion,s of each examination 
paper and the percentage of experimentation related questions. Thus, the 
proportion of scientific enquiry in each examination paper represents either 
the percentage of integrated scientific enquiry with other subjects or of 
discrete scientific enquiry. In terms of the types of questions this will be 
described in the next chapter with detail. 

Table 11 The results of the analysis of examination papers in 2003 

Korean 
4 times school 
based 
examinations 
(2003) 

Korean 
E examinations 

Sc1: Scientific enquiry 
Sc2: Biology 
Sc3: Chemistry 
Sc4; Physics and ( ) shows percentage of earth science 

3-1-2 31 23 

3-2-1 20 

3-2-2 24 20 

Means 18 34 18 

4 28 25 28 32 

12 

19 

Generally, the examination papers seem to reflect the structure of the 
national curriculum content. Korean examination papers require pupils to 
know the concepts of laws, principles and theory in order to answer 
questions such as mass conservation law, proportional ratio law, gas reaction 
law, Avogadro's law and so on. Thus, the Korean examination papers tend to 
focus on more objective facts or prinCiples, whilst the English K53 test 
papers contain more conceptualised questions from pupils' everyday lives. 
English K53 test papers show higher proportions of scientific enquiry and 
experimentation-orientated questions whilst Korean examinations have 
higher proportions of physics questions. This is because the KN5C contains 
higher proportions of earth science areas. In English K53 tests as the tiers 
reflect the degree of difficulty in the English examination papers, 3-6-1 and 
3-6-2 papers contain easier content than 5-7-1 and 5-7-2 papers, whilst 
Korean examinations papers have no variety in the degree of difficulty. 
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There are differences in the types of questions between the three sets of 
questions. Multiple-choice questions dominate the Korean examination 
papers whereas they form only a small proportion of the English 
examinations. In particular, the Korean HE examination paper consists of 
100% multiple-choice questions whereas the English examination papers 
consist of simple answer questions. The quarterly school based examination 
papers consist of simple answer questions from 0-33% and a multiple-choice 
format. They show a lower percentage of scientific enquiry and 
experimentation orientated questions. However, the nature of the questions 
seems to be not much different from the questions in HE examinations, 
which demands more understanding of scientific facts, principles and laws. 

4-4 Discussions 
From this documentary analysis, it is evident that the KNSC covers most of 
the programme of study in the ENSC because the KNSC comprises more 
content knowledge. However, the most prominent area in ENSC is scientific 
enquiry and in KNSC it is earth science. 

Firstly, although both curricula place great emphasis on scientific enquiry, 
there seem to be different interpretations and different levels of reflection on 
the curriculum content and assessment. The ENSC also has an emphasis on 
students' understanding and conducting of discrete investigations and 
describes what pupils should be taught in some detail (e.g. that it is 
important to test explanations by using them to make predictions and by 
seeing if evidence matches the prediction: make sufficient relevant 
observations and measurements to reduce error and obtain reliable evidence 
DfES, 2001). Those curriculum specifications about scientific enquiry seem 
to be reflected in the KS3 tests, so that discrete investigative questions are 
found in them which demand identifying variables, planning, predicting, 
matching evidence, and so on. Therefore the inclusion of scientific enquiry 
as a separate strand in the ENSC has raised its profile and importance in 
spite of the gap between policy and practice (Batholomew, et ai, 2002). 

On the other hand, the KNSC does not mention scientific enquiry specifically 
in its content. Instead, it says that the scientific enquiry area is integrated 
into every science lesson even though no practical work or experiments are 
involved (MOE, 2001b). Thus, the KNSC seems to be putting its emphasis on 
the teaching of science content with enquiry rather than on scientific enquiry 
itself. The main aim of scientific enquiry seems to be to enhance 
understanding of science knowledge. However, the aims of the KNSC with its 
emphasis on scientific enquiry do not seem to be fully reflected in the 
curriculum content nor in the assessment content. According to the KICE 
report, the KNSC places emphasis on 'hands-on' practical experiences, 
'minds-on' learning processes and authentic real life contexts (KICE, 2001). 
The report also mentioned that the KNSC attempts to get pupils to 
understand the important concepts of science deeply rather than going 
through many scientific ideas superficially, the notion being 'less is more' 
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(KICE, 2001). As a result of this, the recent 7th national curriculum content 
has been reduced considerably compared with the previous 6th national 
curriculum (KICE, 2001). Nevertheless, the KNSC still has far more content 
than the programme of study in the ENSC. In addition, the simple curriculum 
reduction may result in the content being fragmented and inconsistent 
curriculum. The ih national curriculum has omitted a considerable amount of 
abstract form of content knowledge such as the 'structure of living things 
and their life style' and' water circulation and weather change' for year 7 
(Kang D H, et ai, 2001). Yet, the everyday real life context or application of 
STS (Science-Technology-Society) or the nature of science is hardly seen in 
the ih national curriculum content. Consequently, Korean examination 
papers have far less experiment oriented questions, everyday, real life 
context or application of STS issues. However, there are no discrete 
investigative questions found in the Korean examinations but the questions 
integrated with other subjects. This may be partly due to the fact that the ih 
national curriculum has not yet been fully implemented. 

Secondly, as shown above, the KNSC contains far more in the area of earth 
SCience, which has lots of abstract forms of science knowledge along with a 
mathematical context. Generally, the KNSC consists of 4 subjects: biology, 
chemistry, physics and earth science. The national curricular content 
distributes science knowledge evenly among each subject. According to the 
report based on this (Kim J H & Lee M K, 2003), even the distribution of 
science subjects in the national curriculum, the teacher training system has 
been set up to train equal proportions of teachers who speCialise in different 
science subjects. 

In addition, this abstract form of science knowledge along with a 
mathematical context often demands a higher conceptual understanding. 
Then, it would be more difficult to implement the relevant elements of the 
nature of science and scientific knowledge such as how this knowledge has 
developed. As Taber (2003) argues, even A-level students aged 16 find 
abstract thinking in science difficult especially in physics although it is clearly 
something they aim to develop. Therefore there seems to be a need to 
examine whether this detailed content is relevant to pupils' cognitive abilities. 
This may lead children to learn the scientific ideas by rote even if they do 
not fully understand the concepts. Larger curriculum content with an 
abstract form of scientific knowledge seems to be a traditional feature of the 
KNSC as a 'content-based curriculum' emphasising scientific knowledge 
(KICE, 2001). Consequently, teachers tend to view the task of imparting 
knowledge to students like displaying information (KICE, 2001). Although the 
KNSC has since reduced its content, it still seems to have too many detailed 
concepts to teach. The present curriculum content is too great to be able to 
implement the nature of science and scientific enquiry. This traditional 
curriculum content can determine how science is taught and that is what 
affects pupils' experience in learning science and their subsequent attitude 
toward science (Kim J H & Lee M K, 2003). 
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On the other hand, as Kind (2003a) argues, there is no doubt England has 
been a pioneer in developing school science practical work in general and 
investigative work in particular. The effort that has been placed in the ENSC, 
describing scientific enquiry not only in the curriculum guidelines but also in 
the curriculum content as a strand of programme of study, seems to be 
unique internationally. The elements of 'ideas and evidence' as the content 
of scientific enquiry have been strengthened in the national curriculum in 

. science since 2003 (Kind, 2003b). Indeed, the English examination papers 
contain more investigative questions and experiment related questions than 
the Korean examinations. 

Lastly, there are considerable proportions of common content of both 
national curricula, which have remained the same for the past 50 years 
(Osborne, et ai, 2003; Kim J H & Lee M K, 2003). This traditional curricular 
content includes out-dated materials, which are not applicable to real life 
context as well as having a lack of issues of STS and elements of the nature 
of science (Kim J H & Lee M K, 2003). As the delphi studies from both 
England and Korea (Osborne, et ai, 2003; Kim J H & Lee M K, 2003) show, 
no one group of individuals can provide a universal solution as to what the 
essential elements of a contemporary science curriculum should be. Yet, in 
order to nurture the future citizenship of young people, the contemporary 
context should be taught since the aim of both curricula is to ensure that 
students have acquired the skills and the understanding needed to 
participate effectively in society. Thus, the goals of science education are not 
about assessing how well students have mastered the curriculum content, 
but rather what general skills and broad understanding they have acquired 
(Harlen, 2003). 

4-5 Summary 
The analysis of data has shown that the elements of the nature of science 
and scientific enquiry are not fully demonstrated in the content of the 
national curricula in both countries. The shortcomings are far more evident 
in KNSC. 

The most distinctive feature in the ENSC is the area of scientific enquiry 
whilst earth science features prominently in the KNSC. In England, the 
content of the ENSC and assessment reflect more fully the aims of the 
curriculum. In Korea, there is less consistency between the aims of the 
curriculum, its content and the assessment. 

Both of the national curricula are known to have too much content yet the 
KNSC has more curricular content than that of the ENSC. The curriculum 
content and assessment content of the ENSC reflect the aims more fully than 
the Korean counterpart. Both still remain content dominated with a 
traditional approach in spite of the emphasis on the nature of science and 
scientific enquiry. Thus, the asserted purpose or aims of the curriculum may 
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remain marginal in the classroom. Similarly, the curriculum includes 
inappropriate content for contemporary science, Finally, the examination 
papers include more experiment-orientated questions reflecting distinctive 
feature of the curriculum content. 

Through the documentary analysis it is revealed that the content of the 
KNSC contains more areas of scientific ideas, including a greater amount of 
earth science but less scientific enquiry areas. The examination papers tend 
to reflect the structure of the content. 

Although the KNSC mentions the importance of scientific enquiry, the 
content and examination papers show little evidence of that aspect. Rather 
examination questions include far more conceptual science. By contrast, the 
ENSC contains less conceptual science and more experiment related 
questions, scientific enquiry and investigations, which are not found in the 
Korean examinations. 

To sum up, this study has been designed to explore similarities and 
differences in curriculum, assessment policy and practice in order to see 
whether there is anything to be learnt from each other's curriculum. It is 
intriguing, therefore, that despite these differences, pupils in both countries 
have achieved highly in an international comparative study, such as OECD 
and TIMSS. This similarity in achievement has promoted the detailed analysis 
in this study in order to explore the similarities and differences in detail of 
assessment practice. The next chapter shows a detailed analysis of 
examination papers. 

86 



Chapter 5 Documentary Analysis of 
Examination Papers 

5-1 Introduction 
This chapter is to explore the sub-question mentioned at 3-1: 'What is assessed in 
scientific enquiry in the national curricula in England and Korea?~ This chapter aims 
to analyse the examination papers in both England and Korea through documentary 
analysis following a curricular analysis in chapter 4. Considering the influence of 
examinations on school curricula and the close-knit relationship between the 
national curricula, teaching and assessment, it is necessary to investigate the 
similarities and differences in what the national curricula assess in England and 
Korea. In particular, both the end of KS3 tests and the high school entrance 
examinations comprise a whole range of programmes of study within the national 
curriculum. They also strongly influence the patterns and tendencies of other 
school examinations, such as end of topic tests and end of year examinations. In 
addition, although the performance assessment could be used for the purpose of 
this research, external summative assessment seems to be the most appropriate 
choice as standardised examinations because they have validity for international 
comparison. 

Therefore, despite the differences in purpose, tradition and format of each 
examination, a detailed analysis of examination papers is worth carrying out not 
only to explore the research question but also to develop a questionnaire for 
teachers concerning how they think about and teach scientific enquiry. In doing 
so, sub-questions were developed as follows. 

1. What are the differences and similarities between the test papers in 
general? 

2. How different is the testing of scientific enquiry between the test papers? 
3. Are there any differences or similarities in the nature and range of skills 

tested? 
4. Are relevant test items of scientific enquiry included in the aims of the 

National Curricula? (ST5, ideas and evidence/ contexts/ higher thinking 
order, scientific reasoning and so on) 

5. How do the test items match up with the contemporary view of science? 

Finally, in order to compare test items in both the KS3 examination papers and 
HE examination papers, TIMSS sample test items are used as an indicator, using 
the following methodology. 

5-2 Methodology 
Examination papers have been selected from those set in 2003 and 2004 of both 
countries because of the new Curriculum and the new policies employed since 

87 



2003. TIM55 sample tests have been used in order to act as an indicator of this 
comparison because pupils in both countries participated in the TIM55 
comparative study in 2003. 

5-2-1 Samples 
For the purpose of analysis, the following sample test papers were selected from 
the end of K53 examination papers (K53 tests) and the high school entrance (HE 
examinations) papers. As mentioned in 4-3-4, the K53 tests have two sets of 
papers (paper 1 and 2) with two different levels of difficulty (3-6 and 5-7). Whilst 
HE examination papers are different from in different parts of the country yet 
having no different degree of difficulty as shown in table 12 

Eng.3-6-1,2003 

5-2-2 Nature of papers 

Common,2003 

003 

Junnam 2004 

501,502,503,504,509 
5013 

Table 13 Nature of each examination paper 

KS3 test papers Assessing Each type 3-6 tier:85 Each question, 
pupils' 1 hour 5-7 tier:75- less than one 
achievement minute 
tasks in the 
programme of 

High school Selecting able 1 hour 25-29 questions Each question, 

entrance pupils during class 3 (1 hour one minute 

examination long), pupils take 60 Feasibility has 
questions comprising been known to 

papers 24 English questions range from 25-
26 Science questions 80% 
and 
10 Music 

TIMSS papers International 90 95 questions Each question, 
comparison of minutes Less than one 
pupils' scientific minutes 

(KICE, QCA, l1M55 & PIR5 I5C, 2003, 2004) 
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Prior to the analysis of examination papers, it may be necessary to consider the 
nature of each examination, including the purposes, the testing time, the number 
of questions and the time taken to solve a question in both sets of questions. 
Each set of examination papers has a different. purpose: one is to assess pupils' 
achievement in the national curriculum and the other is to select able pupi ls for 
high schools. English KS3 tests have two tiers of examination papers: 3-6 tiers 
for slow learners with 85 marks and 5-7 tiers for normal or faster learners with 
75 marks. In contrast, the Korean HE examinations have no variations for pupils 
instead one tie with 25-85% of feasibility (Kim J C, 2004). However, the time 
taken for a question in both sets of examinations is more or less the same: which 
is one minute for each mark in the question. 

5-2-3 General findings 
This is to find out the general features of each test according to the content of the 
assessment, types of questions, total number of questions, and similarities and 
differences in the questions in general. General findings are based on the 
classification of the National Curriculum analysis, as mentioned in the previous 
chapter. In the first instance, each question is allocated one mark. If a question 
has 4 marks it is counted as 4 questions in order to categorise them easily and 
compare them fairly. 

Subjects 
Subjects are divided into 4 categories following the classification of the national 
curriculum: Scientific enquiry, Biology, Chemistry and Physics including Earth 
Science. Scientific enquiry is found either in the form of integration with other 
subjects or in the form of scientific investigation, including a problem- solving 
format. 

Types of questions 
There are 5 categories of types of questions: Multiple choice, Simple answer, Short 
sentence answer, Drawing, and Description. 

Table 14 Types of questions 

Short answer 

Short sentence answer 

Drawing 

These include a multiple choice format, drawing a Ii 
to the relevant answe true or false format 
One or two words or letters 

One or two sentence answers 

Drawing graphs or pictures 
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Scientific enquiry 
Scientific questions are classified into two different types. Some questions are 
classified as scientific enquiry questions, which are integrated with biology, 
chemistry and physics. The others are scientific investigative questions with 
discrete new context. This may show a difference in the ways in which the 
scientific enquiry is described by the national curricula in the two countries. 

Similarities and differences 
This section includes a comparison which includes general features such as the 
compactness of questions, the types of questions, the context of questions and 
demanding skills and so on. Although questions may be similar in terms of the 
context yet the level of skills demanded and cognitive ability can be different. 

5-2-4 Frameworks used 
There are many different types of framework that can be used in order to 
classify the aims of science education. In this analysis, Bloom's taxonomy (1956), 
and Klopfer's specifications (Bloom, 1971) are selected because those 
frameworks are well known in both countries. They also are in line with the 
purposes of this analysis, which can cover the content of the national curricula 
and being able to cover a wider range of other assessment area as shown below. 
Table 15 shows that each framework can cover the domains; Bloom's taxonomy 
can be categorised in to cognitive, affective and psychomotor domains, whereas 
Klopfer's specifications can cover scientific enquiry and STS domains. 
Table 16 shows details of each domain. 

Table 15 The domain of general goal of science education 
(Woo, et ai, 1998) 

Bloom's 
taxo 
Klopfer's 
cn ... r't"cations 

o o o 

o o o 

Table 16 The selected assessment domain on science learning 
(Kim K M & Kim S W, 2002) 

Interest 
Attitude 

90 

o o 



In this analysis, Bloom's taxonomy is used for classifying the cognitive domain 
and Klopfer's specification is used for not only being able to show cognitive 
domain but also scientific enquiry, affective domain and STS domain. Each 
framework has its own advantage in assessment areas so they may be able to 
support and supplement each other. All the questions in each test paper are 
analysed according to the following frameworks. Questions are assigned to 
unique categories in order to find a certain domain of knowledge and skills. 

Bloom's taxonomy 
Bloom's taxonomy is a simple but useful device to classify questions as it shows 
cognitive domains from 'recall', 'comprehension~ 'application~ 'analysis', 
'evaluation', and 'synthesis' (Kwon J 5, 2003). This shows which area of cognitive 
domain each question requires in order for a question to be solved. For 
questions that fall into 'application', 'comprehension' or 'recall', their value is 
recognised as lower order cognitive skills. However, for questions that fall into 
'analysis', 'evaluation' or 'synthesis', their value is recognised as higher order 
cognitive skills (Kwon J 5, 2003). Categories and examples from each group of 
test papers are shown in appendix 7 

Klopfer's specifications 
Klopfer's specifications are known as a comprehensive attempt to classify the 
learning and assessment expectations of science education (Osborne & Ratcliffe, 
2000). They include reference to the details of the processes of scientific enquiry, 
attitudes and interests, as well as knowledge and comprehension. Although it is 
known for being slightly complicated to use, but it is still useful for showing the 
scientific enquiry domain, which is not in Bloom's taxonomy. In particular, the 
KNSC uses details of the specifications in the area of scientific enquiry, such as 
'observing and measuring~ 'seeing a problem and seeking ways to solve it, 
'interpreting data and formulating generalisations and so on. However, it seems 
to be difficult to include 'attitude and interests' as well as 'building, testing and 
reVising a theoretical model: 'application of scientific knowledge and methods; 
'manual skills' and 'orientation' in standardised examinations and those at KS3 
level. Neither Korean nor KS3 test papers cover those items in Klopfer's 
classification. 

Nevertheless, Klopfer's specifications are a comprehensive and useful 
framework because they include reference to the details of scientific enquiry 
processes, indicating' observing and measuring~ 'seeing a problem and seeking 
ways to solve it~ 'Interpreting data and formulating generalisations' and 
'bUilding, testing and reviSing a theoretical mode/~ as follows in appendix 8. The 
table also includes the nature of each category, with relevant examples. 

Each question is categorised independently, according to the items in each 
framework. They are classified into the main categories first, then into sub-
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categories. Most questions fall relatively easily into a certain category. A few 
questions are more complicated to apply to a certain framework. Bloom's 
taxonomy seems to be easier to apply than Klopfer's specifications. Below, 
Klopfer's specification is being applied to an example. 

The question (3-6-1-15, 2004 in appendix 9) integrates scientific enquiry into 
physics so that it can be classified under 'knowledge and comprehension' or 
'interpreting data and formulating generalisations~ However, in this chapter, the 
questions are classified into 'interpreting data and formulating generalisations/as 
a main category because the question seems to be weighted more in the area of 
scientific enquiry. Table 17 shows an example of classification. 

Table 17 Example of classification, 3-6-1-15, 2004 

Using these frameworks, if a question seems to contain more than one category, 
the item chosen will be toward the higher cognitive domain and the more 
outstanding demands made for answering the question. If a question requires 
comprehension and application in Bloom's taxonomy, application will be the 
category selected in this case. For example, 3-6-2-10, 2004 (appendix 9-1) is 
physics light and sound question. In order to answer the sub-questions, they 
demand pupils' 'comprehension' and 'application'. In this research, the sub
questions are classified into 'application' category. Nevertheless, using two 
complementary typologies independently may allow firmer general conclusions 
to be made about the nature of demand in answering each question. 

There must also be variations in analysing questions using frameworks 
depending on how a researcher has acquired those concepts and has chosen 
ways to answer the questions as pointed out in the report by Osborne & Ratcliffe 
(2000, p3); 

... we are aware of the difficulties of assigning questions to unique categories as 
items are open to slightly different interpretation and the demand for the 

individual pupil can depend on prior experience ... // 

Therefore, it is necessary to moderate the results of the analysis in order to 
reach more objective conclusions. At the same time, it is important to maintain 
consistency in assigning questions to certain categories. As mentioned above, 
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variations may be inevitable depending on the researcher. Thus, in order to 
validate this categorisation by maintaining consistency, all the questions have 
undergone the categorisation process three times. Then the questions, which 
have shown inconsistency, were discussed and underwent moderation process 
with a supervisor. 

5-2-5 Procedure 
The procedure used when analysing test items in each examination paper is 
illustrated below. All the questions turn into one-mark questions. There is three 
fold analysis; one is to find out general features of each question, the other is to 
undertake analysis by using Bloom's taxonomy and the last by using Klopfer's 
specifications. Then, the data is analysed and comparisons are made. 

Figure 7 Procedure of analysing test papers 

( Testing items to make them all one-mark questions. 
J 

General analysis including numbers of questions, types of 
questions, classifications of subjects and general features of test 
items. 

l Bloom's taxonomy j l Klopfer's classifications 
J 

Moderation with science education 
researcher 

I 
[ The re-adjusting of results 

Making comparison between patterns of categorisations for tests 
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5-2-6 Difficulties in classification 
Some scientific enquiry questions, which are integrated with other subjects are 
difficult to categorise into a certain domain. 

Firstly, with respect to the classification of subject matter, most questions are 
clearly distinguishable. Some questions have integrated scientific enquiry with 
other subjects, such as scientific enquiry with biology, chemistry and physics or 
subjects combined with each other. In particular, scientific enquiry may be 
integrated with another subject at a different level so that it makes classification 
difficult. Thus, although some questions are of a similar pattern, one may fall 
into its own subject and the other will fall into scientific enquiry depending on 
the level of enquiry. The following are examples. 

5-7-2-10, 2004 (appendix10) shows the complexity of classification between 
scientific enquiry and Physics. It has 5 mark SUb-questions: two of them demand 
interpretation and the drawing of a graph, and one of them requires the 
interpretation of the graph and application of physics knowledge. Thus, this sub
question can fall into either the physics or scientific enquiry areas. However, 5-7-
2-10-a-1 seems to be weighed more on physics knowledge rather than on 
scientific enquiry. Therefore, 5-7-2-10, 2004 has two scientific enquiry questions 
and 3 physics questions. 3-6-1-6, 2003 (appendix 11) also shows difficulties in 
distinguishing between scientific enquiry, physics and chemistry. It has 5 mark 
SUb-questions: 3-6-1-6-d can fall into chemistry, 3-6-1-6-e into physics but for 3-
6-1-6-a to c, there is not a clear-cut division between scientific enquiry and 
chemistry because all three of them demand data interpretation with chemistry 
knowledge. However, these questions can be solved by reading the table without 
content knowledge whereas band c weigh more on demanding chemistry 
knowledge. Therefore, 3-6-1-6 has SUb-questions: one on scientific enquiry, 
three on chemistry and one on physics. In these cases, the classifications will 
coincide with those in Mark Scheme 3-7, 2004. Therefore, in this chapter, 
classifications of other tests will be consistent with the standard of Mark Scheme 
3-7, 2004 and Mark Scheme 3-7, 2003. 

Secondly, in general, Korean HE examinations contain many compact type 
questions that include a large amount of content in one question, compared to 
the question from English KS3 tests. These questions require more than one 
category in Bloom's taxonomy, and subcategories in Kopfer's specifications. For 
example, Korean Common-30, and 2004 (appendix 12) are classified as scientific 
enquiry with chemistry. Each 5 choices demands a certain cognitive level such as 
comprehension for choice 1, application for choice 2, choice 3 and choice 4, 
synthesis for choice 5. 5 choices demand scientific enquiry and chemistry 
knowledge. Thus, the question is categorised as 'Application' and 'Synthesis' in 
Bloom's taxonomy and 'd3' (interpretation of experimental data and 
observations) and 'dS' (evolution of a hypothesis under test in the light of data 
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obtained) in Klopfer's subcategories. These results make analysis conclusions 
difficult to compare objectively because the questions from English KS3 tests are 
classified into one category for one mark. Thus, in Korean questions, the total 
number of questions is different from the total number of categories and 
subcategories of the test in question. The following section includes the results 
of analysis, describing the general analysis and results from using frameworks. 

5-3 Results 

5-3-1 General findings 
Total number and types of questions 
In England, the lower tier test papers contain more questions than the higher tier, 
for example 90 items in the 3-6 tier and 75 items in the 5-7 tier. In the case of 
'Common' examinations in Korea, students have to take an English test (24 
items) and a Music test (10 items), along with Science (26 items) all within one 
hour. So there is less than one minute for each item in the English test papers 
and exactly one minute given per item in the Korean test papers. 

In terms of question types there is a significant difference between English and 
Korean papers: the former is varied with multiple-choice, simple answer, short 
answer, drawing and description questions, while the latter contains 100% 
multiple choice items. 

In addition, although items are classified as following a multiple choice format, 
Korean questions consisted of a 100% 4 option choice format in 2003 and 5 
option format in 2004, whereas items which fall into multiple choice format in 
English test papers are varied, including a typical multiple choice format, drawing 
lines to relevant words or sentences, true and false format etc. (5-7-2-15, 2003, 
appendix 13) 

Simple answer items refer to questions demanding answers with names, symbols 
or specific words. In contrast, short answer items are those questions 
demanding answers with short sentences or clauses. Description items are 
categorised as questions demanding longer sentences than in short answer 
items. Drawing items are not frequently found in test papers but can consist of 
questions demanding the drawing of circuits, graphs, and so on. Table 10 shows 
details of each test paper in terms of question types. In English test papers, the 
2003 papers contain more multiple-choice items than the 2004 papers. The 3-6 
tier test papers contain more multiple-choice than the 5-7 tier test papers. 

The proportions of simple answer and description items in the English 
examination papers look similar, whereas the distribution. of multiple- choice 
seems to vary with each examination paper. 
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Table 18 Types and total numbers of each test 

Junnam-
2004 

26 

In conclusion, English test papers use a greater variety of question types than 
TIMSS' and Korean ones. In addition, the 2004 English papers demand more 
descriptive types of answers than multiple choice and simple answer items, as 
shown in the 2003 test papers. The following figure 8 shows 2003 and 2004 KS3 
test papers and TIMSS items in % of each type. 

Figure 8 Types of questions (%) 
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Distributions of subjects and scientific enquiry 
All the test items are divided into Biology, Chemistry, Physics and scientific 
enquiry, following the same standards used in the analysis of the National 
Curricula in the previous chapter. Korean and TIMSS-2003 items contain a higher 
proportion of physics than the English one. In particular, TIMSS-2003 and · 
Korean test items contain a considerably higher proportion of Earth Science. 
Whilst having a lesser content of Physics items, English test papers contain a 
higher portion of scientific enquiry items than in the other two. One interesting 
feature of English test papers is that they contain scientific investigation items 
not integrated with other subjects (5-7-1-14, 2004, appendix 14). This is rarely 
found in TIMSS-2003 or Korean test papers. 

However, 65-70% of the Korean test items having common content with English 
ones demand a different level of conceptual understa'nding in order to answer 
the questions. This may reflect the fact that the national curricular content 
includes common content with regards to the traditional curriculum content. 
Table 19 shows the common content area of Korean examination papers with 
English ones. 

Table 19 Numbers of common items in Korean and English test papers 

Most items in English test papers are fairly easy to categorise into each subject 
area because each item falls into a subject area, except for a few questions, 
which are integrated into scientific enquiry with other subjects such as 3-6-1-5, 
2004 (appendix 15) or 5-7-2-10, 2004 (appendix 10). In contrast, items in 
TIMSS and Korean test papers are more compacted, including more than one 
knowledge domain in a one-mark item. Additionally, all scientific enquiry items in 
Korean test papers are integrated with other subjects as one-mark question 
types (Common-30, 2004 (appendix 12), TIMSS-2003-7 (appendix 16)). 

Thus, those items, which contain scientific enquiry with other subjects are 
categorised twice: once under scientific enquiry and again under its subject. 
Table 20 shows details of each test paper. 
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Table 20 Composition of each subject (%) 

Korean-2003 

Korean-2004 

As the table 20 shows, the proportion of scientific enquiry in 2004 English test 
papers has increased considerably compared with that of those set in 2003. This 
tendency seems to reflect the new assessment policy in that KS3 tests should 
contain at least 30% scientific enquiry. In particular, 5-7-2, 2004 includes 40% of 
scientific enquiry. 

On the other hand, TIMSS-2003 and Korean test papers contain a similar 
proportion of scientific enquiry each other in 2003. Additionally, Korean test 
papers retain a similar proportion of scientific enquiry, as well as similar features 
of distribution in other subjects between 2003 and 2004. Table 21 and Figure 9 
show the mean and standard deviation of each year in order to show the 
distribution and tendencies of each year's test papers. 
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Table 21 Means and SO (standard deviation) of each subject 

2003 Korean papers 

TIMSS 2003 

2004 English papers 

2004 Korean papers 

TIMSS-2003 and Korean test papers show a greater proportion of Physics than 
English ones. Korean test papers also show an even distribution of subjects in 
each paper with less standard deviation. In contrast, English test papers show 
greater standard deviations, reflecting that each test paper has a varied 
composition of subjects. Generally, 3-6 tier test papers contain less scientific 
enquiry than 5-7 tier, as well as paper 2 showing more scientific enquiry items. 

Figure 9 Subject proportions in the test papers (%) 
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Analysis of scientific enquiry questions 
Table 22-1, table 22-2 and Figure 10 show the nature of scientific enquiry 
questions in each set of papers. 

Table 22-1 Content of scientific enquiry (number of items) 

Korean, 
2004 

*5c1: discrete scientific investigation question 
*5c1 +Bio: scientific enquiry question integrated with biology 
*Sc1+Chem: scientific enquiry question integrated with biology 
*5c1 +Phy: scientific enquiry question integrated with physics 
*Total numbers; total number of scientific enquiry question 
*Sub-total of integrated with subjects: Proportions of Sc1 +Biology, Sc1 +Chem and Sc1 +Phy 

Table 22-2 Content of scientific enquiry (%) 
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Figure 10 Content of scientific enquiry (%) 
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Firstly, although there is not a great difference in the overal l percentage of 
scientific enquiry in each test, the content of scientific enquiry seems to be 
significantly different amongst test papers. Korean test papers do not include 
single scientific enquiry items but instead include items integrated with other 
subjects. Thus, no planning parts of scientific investigation or scientific research 
questions are found in Korean test papers. English test papers contain higher 
proportions of single scientific enquiry items than TIMSS-2003 ones or Korean 
ones. 

Secondly, TIMSS 2003 and 3-6-1, 2003 show a similar feature of scientific 
enquiry content, showing 43% of single scientific enquiry and 57% of integrated 
scientific enquiry with other subjects. However, there is a significant tendency 
towards an increased proportion of single scientific enquiry in English 2004 test 
papers, despite a great variation of single scientific enquiry distributions in each 
English test paper from 20% to 84%. In particular, 3-6-2,2004 shows 84% of 
single scientific enquiry items in contrast with 20% in 5-7-1, 2003. 

Finally, Korean test papers show the same proportions in scientific enquiry for 
both 2003 and 2004. Korean test papers also show similar patterns in the 
distribution of other subjects in 2003 and 2004. In contrast, English test papers 
show variations in the proportion of single scientific enquiry, scientific enquiry 
and distribution in other subjects. 

Similarities and differences in the nature of each set of questions 
English test items give a considerable amount of information to students in the 
actual test papers. It could be argued that some answers can be found simply by 
reading the questions, using generic skills or deducing answers from the given 
information, as shown in 3-6-1-12, 2004 and 3-6-1-8, 2003 (appendix 17 and 
appendix 18). In addition, English test papers contain more everyday context . 
and application-based questions as shown in 3-6-1-6, 2004 (appendix 19). 

101 



By contrast, Korean questions require students to have a prior understanding of 
the content of the questions, including specific terminology and basic concepts, 
theory, principles and laws reflecting the emphasis on scientific knowledge, 
based on major conceptual schemes. Therefore, if a student does not know one 
fact, he/she may not be able to get any marks. As shown in Common- 37, 38, 39, 
40, 2004, Junnam-52-2004 (appendix 20) and Common-38, 2004, students need 
to know all about the concepts of kinetic energy, potential energy and how total 
energy is conserved and changed into another form of energy, before being able 
to solve the problems. 

Similarly, one question in the Korean HE examinations tends to cover a greater 
range of content knowledge than one question in English KS3 test papers does. 
For example, although 3-6-1-15, 2004 (appendix 9) and Common-27, 2004 
(appendix 21) have similar content and context demanding different cognitive 
levels, there are differences in the compactness of the questions. 3-6-1-15,2004 
includes 6 sub-questions (6 marks) demanding 2-3 items in order to get 6 marks, 
whereas Common-27, 2004 question requires a comprehensive understanding 
and application in different instances in order to get one mark, as shown in table 
23. 

Table 23 Demanding content knowledge 

* To understand changes of state 
(solid, liquid, gas) in a different 
temperature 

* To understand the ways in which 
thermal energy can transfer 
(conduction, evaporation, 
convection, radiation) 

6 marks 

*To understand changes of state in 
different examples such as a 
melted candle, the drying process 
of washing, Naphthalene, melted 
ice cubes and water drops 
occurring outside ice water 

* To understand particles' changes 
in different states 
1 mark 

Generally Korean test papers contain more questions, which demand a higher 
conceptual understanding than English test papers. For example, 3-6-1-1, 2004 
(appendix 22) and common~50, 2004 (appendix 23) are about inheritance. 3-6-
1-2004-1 requires the name of the organ and the characteristics, as well as the 
name of what will be inherited by children from their parents. However, in order 
to be able to get the answer to Common-50, 2004 students should know how 
colour-blind genes are inherited in sex chromosomes, based on the fact that 
characteristics will be inherited from parents by their children. In addition, it 
also requires them to know why there is a higher possibility of colour blindness 
in males than in females. 3-6-1-17,2004 appendix, 24) Junnam-45, 2004 and 
Common-43, 2004 (appendix 25) also show good examples of the nature of 
different circuits used to show relationships between volt, current, resistance in 
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Common-43, 2004 and volt, resistance and heat in Junnam-45, 2004. 

Along with the emphasis on theory, questions in Korean test papers also show ' 
more mathematical content. In particular, Junnam-2004 test paper contains 7 
questions with a mathematical content such as calculating speed, force, work 
and efficacy of work and probability as seen in Junnam-50, 2004 and Junnam-32, 
2004 (appendix 26). 

Finally, English test papers contain not only open-ended questions but also 
questions, which can have several answers. In particular, scientific enquiry 
questions in English test papers are unique in their openness and creativeness of 
the questions. 5-7-1-14,2004 (appendix 27) shows the openness of the question 
demanding a plan investigation, which includes identifying independent variables, 
dependent' variables and control factors. This would give 4 marks. In addition, 
single scientific enquiry questions require more open answers than other 
questions, encouraging students' creativity. An example of openness is in 
answers required for 5-7-2-6, 2004 (appendix 28). In particular, the answers for 
5-7-1-14, 2004 (appendix 27) can be varied such as 'season' or 'location' or 
duration of observation time. The answers for 5-7-2-6, 2004 (appendix 28) can 
also be varied: they could be 'data from 'last year' to years earlier than 2002. 
Moreover, most questions require reasons to be given as to why students have 
chosen their particular answers, asking why or how, and requiring support for 
their own answers based on evidence. Korean questions tend to be very 
structured, demanding definite answers. This may be partly because of the 
multiple- choice format. 

TIMSS 2003 also contains single scientific enquiry questions and content with 
the nature of science. However, English test papers seem to show a more 
openness in terms of how a question can be answered, as shown in S1308A 
(appendix 29). The answer can be varied in as far as it can refer to cats preying 
on other animals resulting in a reduction in population. The mark scheme gives 
possible examples as follows. 

Examples: They will eat the birds and other animals. 
The cats help them by eating the rats and mice 

Their prey will become extinct. 
They might pass on diseases to other animals 

(TIMSS2003, Mark scheme) 
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5-3-2 Analysis using Bloom's taxonomy 

All items in each test paper are classified according to the following categories. A 
few questions in the Korean test papers fall into more than one category 
because they contain more than one cognitive domain. All the data acquired has 
been turned into percentages so that a comparison can be made more easily. 
The following Table 24 and figure 11 show the results of analysis by using 
Bloom's taxonomy. 

Table 24 Analysis using Bloom's taxonomy in percentages 

Figure 11 Distributions of each test paper by using Bloom's taxonomy (Ofo) 
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As shown in Table 24 and Figure 11, the lower tier in English test papers tends 
to contain more recall categories than the higher tier test papers. Those lower 
tier test papers consist of recall and comprehension items. On the other hand, 
higher tier test papers show more comprehension and application categories. In 
addition, the table shows a tendency to move toward comprehension and 
application categories in 2004 test papers. 

By contrast, Korean test papers contain mainly application and comprehension 
categories, with a greater proportion of questions in the analysis category than 
in the English test papers. They also contain fewer recall areas of questions. 

Table 25 and Figure 12 show the means and standard deviations in English and 
Korean test papers in 2003 and 2004 with the later addition of TIMSS 2003. 
English test papers show a greater standard deviation (SD) with varied 
distributions in each category and with each test paper. This may refer to either 
the variety of test items or each test paper containing varied cognitive domain 
questions in the English test papers. 

Table 25 Means of each category in each year with SO (standard deviation) 

TIMSS2003 33 

Kor.2003 

Eng.2004 

Kor.2004 

Figure 12 Average % of 2003 and 2004 test papers 
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5-3-3 Analysis using Klopfer's Specifications 
Klopfer's specifications cover a comprehensive range of science education, 
comprising 'Knowledge and Comprehension' (a1-all), 'Process of Scientific 
Enquiry~ 'Application of Scientific Knowledge and Method' (fl-f2), 'Manual 
Skills (gl-g2), 'Attitude and Interest (h1-hS) and 'Orientation (il-i6). The 
Scientific enquiry area can also be divided into 'Observing and Measuring' (b1-
bS), 'Seeing a Problem and Seeking ways to Solve it (c1-c4), 'Interpreting Data 
and Formulating Generalisations (d1-d6) and' Building/ Testing and Revising a 
theoretical model (e1-e6). 

However, in this analysis, the area of 'Attitude and Interest'(h1-hS) has not been 
included in any test paper. A few questions fall into 'Manual and skills' categories 
in English and Korean test papers in 3-6-1-6-b, 2004(appendix 19), and 
Common-28, 2004(appendix 30) and only 4 questions in English test papers 
contain 'Orientation' (i1-i6) in 3-6-2-17,2004 (appendix 31) which relates to the 
nature of science. Similarly, 'Building/ Testing and Revising a theoretical model' 
(e1-e6) and 'Application of Scientific Knowledge and Method' (f1-f2) are not 
found in any test papers because these categories may belong to the higher 
knowledge domains and not at this KS3 level of science. 

Therefore, the relevant categories have been narrowed down, as shown below in 
Table 26 and 27. In particular, Korean test papers mostly consist of 'Knowledge 
and Comprehension' (a1-all) and 'Interpreting Data and Formulating 
Generalisations' (d1.-d6), with only two questions falling into 'Manual Skills' (gl
g2) and 'Observing and Measuring'(b1-bS). Whereas, in English and TIMSS-2003 
test papers, there are broader ranges of distributions than in Korean test papers. 

Tables 26 and 27 show the results of analysis using Klopfer's specifications. 
Although the two tables indicate a similar pattern, concentrating on 'Knowledge 
and Comprehension' (a1-all) and 'Interpreting Data and Formulating 
Generalisations' (d 1-d6) as the area of scientific enquiry, the 2004 English test 
papers show changes in the diversity of scientific enquiry by having increased 
the area of 'Observing and Measuring' (b1-bS) area, and the 'Seeing a Problem 
and Seeking ways to Solve it' (c1-c4) area. In addition,' the areas of 'Manual 
Skills' (g 1-g2 and' Orientation' (i1-i6) have been added. The Korean test papers, 
however, show no significant changes from 2003 to 2004. 
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Table 26 Results of 2003 test papers when analysed according to Klopfer's 
specifications (numbers of items) 
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Table 27 Results of 2004 test papers when analysed according to Klopfer's 
specifications (numbers of items) 
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Figure 13 Each category of Klopfer's specifications in 2003 test papers (%) 
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Figure 14 Each category of Klopfer's specifications in 2004 test papers (%) 
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In order to represent Table 26 and Table 27 graphically, the data have been 
converted into percentages and are shown as Figures 13 and 14. Generally, 
English test papers show a wider distribution in 2004 than 2003, whereas Korean 
test papers show little difference between 2003 and 2004 in this respect. As the 
above graphs show, Korean test papers generally contain a narrower range of 
distribution being skewed in the areas of 'a' and 'd' more than English ones 

The category of 'Observing and Measuring/ (b1-bS) shows much narrower 
distributions because it is mainly assessed by performance assessment. In 
particular, Korean test papers have only two questions in this category, as shown 
in Common-31, 2003, Kyungi-33, 2003 (appendix 32). The category 'Seeing a 
Problem and Seeking ways to Solve ir (cl-c4) mainly covers single scientific 
investigation questions which are not integrated with other subjects. Therefore, 
Korean test papers do not fall into this category (c1-c4). In English test papers, 
Paper 2 for both years has more questions in this category than either of the 
paper 1 tests. Most scientific enquiry questions fall into 'Interpreting Data and 
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Formulating generalisations' (d1-d6) in both English and Korean test papers. In 
particular, 1nterpretation of experimental data and Observations' (d3) and 
'Evolution of a hypothesis under test in the light of data obtained'(dS) are major 
sub-categories. 

From the data in tables 26 and 27, a percentage of the sums in each category 
can be obtained by adding up each sub-category, as shown in tables 28 and 29 
and the graph in Figures 1S and 16. 

Table 29 Percentage of sums in each category in 2004 test papers 

Figure 15 Percentage of sums in each category in 2003 test papers 
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Figure 16 Percentage of sums in each category in 2004 test papers 
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As shown by the tables and figures, Korean test papers consist of approximately 
70% of knowledge comprehension and 30% of data interpretation and show no 
significant differences between the 2003 and 2004 test papers. By contrast, 
English test papers show a varied distribution in each category, for example, 
from 83% to 51% in the 'Knowledge and comprehension/ category. English test 
papers also show changes in distribution in categories b, c and d indicating an 
increased proportion of 'c' category questions and more varied distributions 
amongst sub-categories in 2004 test papers than in 2003. In particular, 5-7-2, 
2004 reveals a unique feature in the variety of distribution. It indicates more 
proportions of 'c' (Seeing a problem and seeking ways to solve if) and 'd' 
(Interpreting data and formulating generalizations) and 'i' (Orientation) although . 
showing a small proportion. Thus it reflects the increased proportions of discrete 
investigative questions and data interpretation as well as questions related to the 
nature of science despite being a tiny proportion. These 'changes in distribution 
may reflect changes in scientific enquiry areas in particular. The changes in the 
distribution of scientific enquiry may refer not only to an -increase in the 
proportion of questions but also to a variation in the nature of the questions. 

Finally, in order to compare details of each category, Tables 26 and 27 can be 
transformed into percentages of each sub-category in each paper, as follows. 
Although the Korean test papers contain fewer questions, they show a relatively 
even distribution within the 'Knowledge and comprehension/ domain (a1-all) 
whilst English test papers show a tilted distribution towards 'knowledge of 
specific facr(a1) and 'knowledge of concepts of science (a3) except 5-7-1-2004 
which shows a more even distribution than other English test papers within this 
category. 

As mentioned in 4-5, in general, Korean test papers place their emphasis on 
scientific principles and laws, theories or major conceptual schemes. 
Consequently, the proportions of a8 and a9 are shown to be higher than in the 
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English test papers. Thus, Figures 17 and 18 show the proportions of category 'a' 
('Knowledge and comprehension). 
Figure 17 Percentage distributions of 'a' in test papers in 2003 

60 

50 

40 

30 

20 

10 

o 
a1 a2 a3 a4 a5 a6 a7 as a9 a10 a11 

Figure 18 Percentage distributions of 'a' in test papers in 2004 
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In the area of scientific enquiry, English and TIMSS-2003 test papers show 
relatively diverse distributions. The following Figures 19 and 20 show the 
percentage of distribution of 'd' (Interpreting data and formulating 
generalisations) in each test paper. The figures show that 'interpretation of 
experimental data and observations' (d3) and 'evolution of a hypothesis under 
test in the light of data obtained (dS) are of major proportions. They also seem 
to show increased proportions of sums in 'd' as well as a clear change to a bigger 
proportion from d3 to dS in Korean test papers in the Korean test papers, whilst 
showing more diverse distributions from dl to d6 in the 2004 English test papers. 
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Figure 19 Percentage distributions of 'd' in test papers in 2003 

50 

50 

40 

30 

20 

10 

0 
d1 d2 d3 d4 d5 d5 

1!11 Sum of Eng- 03 

• Sum of Kor- 03 

DTIMSS-03 

Figure 20 Percentages distributions of'd' in test papers in 2004 

50 

50 

40 

30 

20 

10 

0 
d1 d2 d3 d4 d5 d5 

§ Sumof Eng- 04 

. Sum of Ko r-04 

Korean test papers show a narrower range of distribution in scientific enquiry 
areas, such as 'b' and 'c' and 'g' and 'i', revealing only a few questions found in 'b' 
and no questions in 'c' 'g' and 'i' as shown in Tables 26 cmd 27. 

In conclusion, by using Klopfer's specification the analysis shows that the 
distributions of each test paper support the general findings in the section 5-3-1 
general findings. There are differences in the areas of Knowledge and 
Comprehension (a1-all), showing that Korean test papers emphasize scientific 
principles and laws, theories and major conceptual understanding as well as 
revealing a narrower range of scientific enquiry that concentrates on data 
interpretation. 

5-4 Discussion 
Throughout this analysis, fair comparisons seem to be difficult because of the 
differences in the nature of the tests in terms of purpose, type, frequency, 
number of questions and so on. However, the use of different frameworks has 
allowed clearer distinction of similarities and differences in triangulation to 
produce some general findings. . 
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The following section will discuss the similarities and differences between English 
and Korean test papers considering the dominant effects that standardised 
examinations have on teaching and the inter-relationship between the aims, 
content and assessment. The types of questions, the nature of tests and 
assessment content will be added because these constitute differences between 
English and Korean test papers. 

5-4-1 Scientific enquiry area 
The greatest distinction between the two countries' test papers is in the area of 
scientific enquiry, although examination papers in both countries reflect the 
importance of scientific inquiry, since they both contain a high proportion of 
scientific enquiry questions. The examination content also reflects the content of 
the National Curricula in both countries. There are three areas of difference. 

Firstly, there is a significant difference in the level of reflection of the aims and 
content of the National Curriculum on the assessment. Korean test papers do not 
include discrete investigative questions and show a narrower distribution of 
scientific enquiry sub-categories in Klopfer's specifications than the ones in 
English test papers. In practice, scientific enquiry questions in Korean test papers 
are only found in four categories of Klopfer's specifications, which are' Observing 
and Measuring' (b 1-bS) 'Interpreting Data and Formulating Generalisations {d 1-
d6), and 'Manual Skills {gl1-g2). Taking into consideration the fact that the 
category 'Seeing a Problem and Seeking Ways to Solve it' (c1-c4) category is 
included in performance assessment, the contemporary view of science is 
missing in the' Orientation' (i1-i6) category in Klopfer's specifications. By contrast, 
English test papers show much wider distributions than their Korean counterparts. 
Those of 2004 also show a wider distribution than those of 2003. Questions in 
English test papers include diverse question types, various contexts and higher 
proportions of scientific enquiry, broadening the role of scientific investigations 
introducing aspects of the nature of science and the ways in which scientists 
work. There are possible reasons for this. Firstly, the main purpose of Korean 
tests is to select the more able children by predicting which children have an 
ability to carry on their learning in high schools, whilst the aim of English KS3 
tests are to assess of pupils' academic achievement. Thus, as Sung M W, et ai, 
(2000) pOints out, the academic achievement tests can be defined as not only 
measurement-driven instruction but also instruction driven measurement. In 
other words, assessment can employ content from outside the curriculum 
content because if the emphasis is on the enquiry process the focus of 
assessment will be the elements of enquiry rather than the knowledge content. 
Indeed, English test papers reflect the changes which have been made in 
broadening the role of scientific investigations and introducing aspects of the 
nature of science and the ways in which scientists work (Kind, 2003b). In 
practice, English KS3 test papers in 2004 show a considerable increase in the 
number of discrete scientific investigative questions and a wider spectrum of 
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distribution in scientific enquiry questions indicating a variety of elements of 
scientific enquiry ability such as the nature of science. By contrast, the Korean 
test papers are confined to the content of the current curriculum due to its 
validity and reliability for the selective purposes of the assessment. Thus, as the 
purposes are different, the nature of the tests becomes different. It may be 
quicker to adapt English papers to changing policies because of the nature of the 
test as a measure of academic achievement, rather than as a means of selection. 

Secondly, as has been described in the previous chapter, a different 
interpretation concerning scientific enquiry seems to affect the content of 
assessment. The KNSC describes the main aim of scientific enquiry as being the 
enhancement of understanding basic concepts of scientific knowledge, the 
reasoning ability of problems and the deducting ability to solve problems (MOE, 
2001a). The notion of scientific enqUiry is only meant to be a way of helping 
conceptual understanding of scientific concepts (MOE, 2001b). This seems to 
reinforce the emphasis on scientific knowledge. Although the HE examination 
papers have a certain proportion of scientific enquiry questions, they are all 
integrated with other science subjects. 

Finally, Korean schools tend to assess scientific enquiry ability in performance 
assessment. As was mentioned in the previous chapter, scientific enquiry is 
difficult to assess, not only in the empirical nature of enquiry but also in 
conceptual areas. Thus, performance assessment is mostly limited to the skills 
area. In particular, Korean schools do not place the same amount of weight on 
practical work compared with English schools. As shown in the previous chapter, 
although they have a similar amount of time allotted on the timetable, the KNSC 
has more content knowledge than the ENSC. Consequently, Korean schools seem 
to have less time to do practical work in the classrooms. Also, practical work 
tends to be linked directly to performance assessment. Thus, this lack of practical 
work and the close links it has with the performance assessment may result in 
difficulty in fostering enough scientific enquiry ability for pupils. Nevertheless, 
Korean assessment is supposed to assess pupils' enquiry ability by performance 
assessment and examination papers are to assess content knowledge. 

English schools tend to do more practical work than Korean schools as other 
literature showed (Woolnough, 1991). As was mentioned in the previous chapter, 
often, scientific investigations are linked directly to performance assessment. 
Thus, although English science classrooms have more practical work than the 
Korean counterpart, English classrooms have limitations in fostering pupils' 
scientific enquiry ability due to the link with performance assessment. As Turner 
(2000) points out, scientific enquiry in English schools shows a weak connection 
between scientific enquiry (Sc1) and other subjects (Sc2, Sc3 and Sc4). As a 
result of this, pupils tend to think of scientific enquiry as a unique element of 
performance assessment, being separated from and discontinuous with other 
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areas of curriculum content. As the English examination papers contain more 
discrete investigative questions, the connections between scientific enquiry and 
other science subjects may be weakened along with carrying out scientific 
investigations for performance assessment. In practice, English KS3 tests in 2004 
show increased proportions of discrete investigative questions so that it means a 
smaller proportion of scientific knowledge and integrated scientific enquiry 
questions with other subjects in the assessment. Therefore, it may be necessary 
to get a better balance between the discrete investigative questions and 
integrated scientific enquiry questions with other science subjects. Nevertheless, 
in general the English examination papers reflect more fully the aims of the ENSC 
in general than do in the Korean counterparts. As mentioned in the aims of the 
ENSC mentioned, the English examination papers include more contemporary 
issues and everyday context such as STS (Science-Technology-Society) and 
everyday applications rather than the theories, principles and laws in the Korean 
examination papers. 

As shown in tables 26 and 27, there are shortcomings between the contemporary 
views of science and test papers in both countries. Although English KS3 test 
papers in 2004 have recently employed the elements of the nature of science Ci' 
category), it seems marginal compared to its emphasis in the curriculum. In 
addition, there has been no inclusion of the elements of the nature of science 
and discrete investigative questions Cc' category) in Korean examination papers. 

5-4-2 Scientific knowledge areas 
Firstly, from the perspective of the scientific knowledge area in test papers, 
Korean test papers contain higher thinking order questions, demanding difficult 
conceptual understanding of scientific knowledge. According to the analysis 
based on Bloom's taxonomy, most questions in Korean test papers tend to fall 
into application and analysis categories, whilst more questions in English test 
papers tend to fall into comprehension and recall categories. In addition, even 
scientific enqUiry questions in Korean test papers tend to put the emphasis on 
reasoning and deducting skills related to scientific principles, theories and laws, 
rather than on practice or the application in real life contexts. As a result of this, 
Korean test papers have a relatively higher percentage of mathematical content, 
demanding inference of science content to mathematical content and a 
systematic reasoning ability to solve problems. In particular, seven questions 
(25%) in Junnam-2004 demand mathematical application in solving problems. 
This also may reflect a Korean tradition to emphasise basic theories and 
principles, expecting pupils to automatically acquire their applications. This 
tendency may be why the curriculum content and the tests are deemed to be 
unnecessarily complicated (Kim S Wand Suk H Y, 1993). In addition, English test 
papers tend to cover less of the content of the National Curriculum than is 
covered in Korean test papers, despite the greater number of questions in this 
analysis, whereas the Korean test papers contain compacted questions whereby 
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one question requires more than one cognitive ability, such as those demanding 
'comprehension' with 'application' and 'recall' with 'analysis' and so on. 

Secondly, the openness of questions in English test papers may reflect the 
openness of the national curriculum. The openness of a question refers to the 
fact that a question demands an open answer, in other words, the answers for 
the question can be varied as far as the explanation for the answer is reasonable 
and correct. The emphasis on scientific enquiry seems to be moving towards 
more openness. They also contain more open- ended questions demanding more 
than one correct answer with explanations of their answers. When the national 
curriculum specifies a certain topic, such as 'light' or 'sound', the content of 
assessment can be fairly predictable. However, with questions 5-7-1-14, 2004 
(appendix 27) or 5-7-2-6, 2004 (appendix 28) that are 'ideas and evidence' 
related in the scientific enquiry area, these questions can contain broader 
contexts. This is because of the nature of the questions which demand pupils' 
abilities to describe evidence or justify the way the product supports or does not 
support a conclusion of their own or of others. They also assess pupils' abilities 
to select and to use suitable strategies, appropriate to different questions, 
including those in which variables cannot be easily controlled (QCA, 2003b). 

Finally, English test papers offer longer explanations about what the questions 
are asking for, as well as providing more information about the questions and 
related matters than Korean test papers do. It may take more time to read each 
question and may need not only scientific knowledge but additional 
comprehensive ability to understand the given information. In contrast, Korean 
test papers contain less given information so that some questions cannot be 
solved without previous knowledge about a certain context. 

5-4-3 Types of questions 

Firstly, English test papers contain a considerable amount of explanation
seeking, so called 'why- questions' and 'reason-seeking questions' (Zuzovsky & 
Tamir, 1999). The former are found amongst 'ideas and evidence' related 
questions mainly and the latter calls for reason in support of a given assertion 
which is not presupposed mainly in ideas-evidence questions. It is said that 
through these two forms of questions referring to different contexts, they will, in 
turn, solicit different types of responses, such as fostering rational arguments 
(Zuzovsky & Tamir, 1999). Thus, types of questions and an existing repertoire of 
explanation patterns appear to affect science learning as well as the students' 
ability to construct an explanation (Zuzovsky & Tamir, 1999). According to 
Ohlsson, theory articulation is not the same as knowing the abstract theoretical 
prinCiples but is the ability to 'bridge' between these prinCiples and concrete 
reality (Zuzovsky & Tamir, 1999). Therefore, in order to foster pupils' ability to 
build up scientific explanation as an ultimate aim of teaching, the types of 
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questions used in teaching in the classrooms are important (Kim J H & Lee M K, 
2003) In this respect, the multiple choice format of Korean test papers has 
limitations in assessing the students' articulation and pupils' ability to select and 
organise the appropriate information into logical and coherent responses. In 
addition, it has limitations in the way it nurtures pupils' ability to explain scientific 
phenomena and to enhance pupils' creativity, in spite of the major goals of the 
Korean curriculum being to produce sCientific explanations. 

Secondly, Korean test papers consist of 100% multiple-choice questions. A 
multiple-choice format can assess larger amounts of knowledge than any other 
format in questions (Kim J C, 2004). It is also easier to handle the marking 
process of a large group when the results will be used as a basis for selection. In 
addition, the multiple-choice format allows pupils to guess the answers, but if the 
number of questions is increased, the effect of pure guesswork is considered to 
be negligible. Thus, it is suggested that the multiple-choice questions have the 
advantage of improving validity in pre-tests (Taber, 2003). However, multiple
choice question must have limitations even in the planning part of investigations, 
which may need open-ended answers. English KS3 test papers show reduced 
proportions of the multiple-choice format but increased proportions of 
descriptions and explanations. 

Finally, English test papers contain a variety of questions emphasising scientific 
enquiry and the application of scientific knowledge, but these may raise 
controversial questions concerning the gap between knowledge and its practice. 
According to Shank's cognitive theory (1986, quoted in Zuzovsky & Tamir, 1999), 
a new scientific explanation can be constructed as an assimilation of events into 
already existing patterns of explanations. Thus, if no scientific patterns exist in 
the students' memory, the process of assimilation and construction of 
explanation just does not happen (Zuzovsky & Tamir, 1999). Therefore, these 
may be a mis-match between practical activities and understanding science by 
having a weak conceptual understanding due to enquiry activities that have not 
been fully effective. 

5-5 Reflections on the analysis of examination papers 
Although both sets of test papers reveal differences in the types, aims and 
contexts of test questions, they may impact on pupils' learning and teachers' 
teaching because of the nature of their importance. 

There are some difficulties in analysing and comparing test papers from both 
countries and TIMMS-2003 because of the different purposes, question types, 
numbers of questions and mark schemes in each set of test papers. Those 
differences seem to lead to other difficulties in analysing questions in cognitive 
domains by using Bloom's taxonomy, as well as classifying questions by using 
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Klopfer's specifications. Thus, the analysis focused on the nature of tests in each 
group rather than pupils' achievements, mark scheme or the levels of feasibility 
as mentioned in chapter 2 from the view of contemporary science. 

However, through this analysis, the general findings could be supported by the 
results being analysed by assessment frameworks. Thus, findings from both 
sources give comparisons and evidences for finding similarities and differences 
between the two samples. Then, the inferences are made for the contemporary 
view of science. The results are an important reference for developing the 
teachers' survey questionnaire. 

5-6 Summary 
It is clear that there are both differences and similarities between the sets of test 
papers. The greatest difference between the two countries' test papers is in the 
area of scientific enquiry rather than in scientific knowledge or any of the other 
components of the test papers. Examination papers in both countries reflect the 
emphasis on scientific inquiry by having a higher proportion of scientific enquiry 
questions. The examination content also reflects the content of the National 
Curricula in both countries. 

The English test papers show much wider distributions than their Korean 
counterparts. In particular, English test papers in 2004 show a wider distribution 
and higher proportions than in 2003. Korean test papers show a narrower range 
of distribution in the area of scientific enquiry by retaining a similar proportion of 
scientific enquiry questions. On the other hand, the Korean test papers include 
more questions, which demand higher cognitive ability. 

In conclusion, the content of the KS3 tests reflect more fully the aims of the 
ENSC than does the assessment for the KNSC. However, both curricula show 
their shortcomings in incorporating the contemporary view of science with the 
curriculum content and assessment. 
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Chapter 6 
Survey of Science Teachers 

This chapter explores the sub-question mentioned at 3-1. Thus, the purpose of this 
chapter is to discuss and to discover the teachers' views about the nature of science, 
scientific enquiry and opinions about teaching and assessment within the area of 
scientific enquiry, including how teachers overcome the difficulties inherent within 
the element of the nature of science and of scientific enquiry as a way of teaching 
science. This research also includes teachers' opinions of sample questions, which 
have been selected from the test papers. Then, the research will make comparison 
between two groups of teachers from England and Korea. 

6-1 Background 
In the previous documentary analysis, the English and the Korean test papers were 
analysed to find out what teachers teach and assess about scientific enquiry. This 
chapter sets out to discover how teachers think they teach scientific enquiry in both 
England and Korea in order to explore the research question; What is the impact 
of assessment in scientific enquiry on the perception of the teaching of 
science enquiry at age 14 in a comparison between England Korea? 

The national curricula contain the templates for coverage and methods that are seen 
as guiding, directing or controlling the routine classroom work of a school or of an 
entire school system in both countries and may shape teachers' actions. As both 
national curricula now put emphasis on the nature of science and scientific enquiry, 
teachers are expected to cover and follow the scheme of work and guideline of the 
national curricula. 

However, teachers own views of the expectations of science curricula may not agree 
with the national curricula. McComas (1998) has suggested that science teachers 
must not only include in their teaching the accepted knowledge domain but also 
explanations about the generation of knowledge comprising why a particular 
proposition is deemed warranted, why it is worth knowing and how it relates to 
other propositions both within the discipline and without, both theory and practice 
being regarded as the nature of science. He also mentioned that teachers' laboratory 
activities convey much about science processes and the construction of knowledge. 
Thus, to present the processes of science, classrooms should look like a research 
laboratory where students participate in science activities as part of a social group 
by students being given more responsibility for developing experiments to 
investigate a particular question. 

Therefore, the challenge is for teachers to translate an understanding of the 
knowledge generated and shown in the national curricula into meaningful classroom 
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experiences and appropriate classroom discourse. As McComas (1998) argues, the 
integration of the nature of science can be related to changes in a teacher's 
curriculum, pedagogical and subject matter knowledge. In order to integrate the 
nature of science, teachers need to expand, enrich and elaborate their own 
knowledge systems so that they are enabled to translate their knowledge and 
intentions into practice. As research reveals, although teachers acknowledge the 
importance of teaching scientific enquiry, they reveal difficulties in deciding how 
they teach it (Millar & Lubben, 1996). As mentioned in chapter 2, implementing 
scientific enquiry seems to be a complex process: along with teachers' perceptions 
and intentions about the nature of science and various factors are inter-locking 
amongst textbooks, the national curriculum, assessment-driven teaching practices. 
Most of all, assessment-driven school curricula seem to be a great stumbling block 
to implementing the nature of science and scientific enquiry into the classrooms 
(Black, 2000). Teachers tend to look to examination questions for a more precise 
definition of what the intentions of any course are. As a result of this, teachers may 
place too much emphasis on a limited domain of the curriculum in the limited subset 
of skills. In addition, such assessment materials are often used for practice in 
examination questions, for homework and to familiarise the students with the level 
and demands of the course. Thus, without the assessment content, it is most likely 
not to be learnt. Therefore, in order to explore this research question, sub questions 
have been developed as follows. 

Sub-questions 
1. What are teachers' perceptions about the nature of science? 
2. What are teachers' perceptions about scientific enquiry? 
3. How do they think they teach scientific enqUiry? 
4. How do they think they assess scientific enquiry? 
5. What do they find difficult about of teaching and assessing scientific enquiry? 
6. How would they prepare for teaching to enable pupils to answer specifi( 

examination questions? 
7. What strength and weaknesses do they find in the examination questions? 

6-2 Methodology 
To exp!ore answers to these questions, qualitative survey methods are used 
including teachers' perceptions about the nature of science and scientific enquiry, 
how they think they teach and assess scientific enquiry as well as opinions about the 
sample questions from TIMSS-2003. This is to be undertaken by means of a 
questionnaire. 
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6-2-1 Sampling 
The main focus of the research is science teachers who teach year 9 pupils with the 
national curricula in both countries. Thus, the subjects are science teachers who 
teach KS3 programme of study in England and the ones who teach middle school 
science in Korea. The effect of location was minimised by distributions 
questionnaires to a number of randomly selected schools including Southampton, 
Bournemouth, Cambridge, Oxford, Sheffield and London in England and Seoul, 
Kyungi, Junnam, JunBook, Kangwon, Incheon in Korea. Teachers from both 
countries are mainly from state schools in order to make fair comparison. 

6-2-2 Developing the questionnaire 
The questionnaire for science teachers was developed in the 4 areas as follows. 

The four areas of questionnaire development 
The questionnaire consists of 24 questions concerning teachers' personal details, 
teachers' perceptions about the nature of science and scientific enquiry, how 
teachers teach and assess scientific enquiry and teachers' opinions about the 
questions from examination papers (Appendix 33) 

A. Teachers' personal details (questionl-5) 
B. Teachers' perceptions of the nature of science and scientific enquiry 

(question 6-7) 
C. Teachers' perceptions about their teaching and assessing scientific enquiry 

(question 8-19) 
D. Teachers' opinions about the questions from TIMSS-2003, KS3 and Higt

school entrance examination papers (question 20-24) 

Teachers' personal details cover age, sex, teaching careers and studying experiences 
concerning the elements of the nature of science. The objects of this research are 
teachers who teach year 9, KS3 pupils with the national curricula in both countries. 
The personal details may be expected to be reference points for comparing the two 
groups of teachers. 

The second and third parts of the questionnaire are to ask questions about teachers' 
perceptions concerning the nature of science and scientific enquiry as well as how 
they teach and assess scientific enquiry including difficulties encountered in the 
implementation of more scientific enquiry in teaching. 

The last part consists of three examples of questions from TIMSS-2003 (s10-08), HE 
examination in Korea (Common-30, 2004) and KS3 test papers in England (5-7-1-
14, 2004) (See appendix 33, section D, Question A, B and C). Each question is 
selected for its typical nature. The question from the end of KS3 is a discrete 
scientific investigative question, which is not found in Korean test papers. Although 
English KS 3 tests include other scientific enquiry questions, which are integrated 
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with biology, chemistry or physics, the discrete investigative questions with open
ended answers are regarded as typical because they are found only in KS3 test 
papers. The Korean question for HE examination illustrates its great emphasis 
placed on content knowledge with graph interpretations although it is categorized as 
a scientific enquiry question. The question requires higher level of science 
knowledge, mathematical skills with using conceptual enquiry. TIMSS-2003 question 
shows both characteristics: it is looking for scientific investigative skills as well as 
having a multiple-choice format the same as the Korean question. Questions in part 
D stem from the results of examination papers analysis. The final version of 
questionnaire is shown in Appendix 33. Table 30 shows the summary of the area of 
the questionnaire 

Table 30 The Questions 

B Perceptions about 
f---=---~-----'--------::--.'--------'-:--'-:---------------------~c---j the nature of science 

and Scientific 
C Teaching 

~--~--------~~~--~--~--~--~--~~------~ Assessing 

18 Scientific enquiry activities affecting pupils' achievements in science 

19 The ressure of examinations affecting the teaching of scientific 

20 D. Opinions about the 
~ __ ~~==~ __________________________ ~ ________ ~que~ions from 

TIMSS-2003, KS3 and 
f--==---~-::-'-:---,-------------:---"":"'---':-:-----'---':--:-:-------------;:;---::'--:----;---~ HE (H ig h school 

Entrance 
~--~==~~~~=----,---~----:---~~~----:-~~---,---~~--~~ 

examination) 
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6-2-3 Rationale in each section 

Part A 
Teachers' personal details (question 1-5) 
This research is designed for science teachers who teach year 9 pupils following the 
instruction of the National Science Curricula in England and Korea. Teachers may 
have a different background of subjects as well as having different routes of 
becoming teachers in both countries. As a result of this, teachers may have different 
views and experiences about the nature of science. Therefore, it is necessary as a 
minimum to take into consideration the 5 questions concerning teachers' personal 
details including age, sex, period of teaching, background and their experience 
about the nature of science. 

These questions can be directly related to questions 6 and 7: teachers' perceptions 
of the nature of science and scientific enquiry and question 13 and 15 can be linked 
indirectly in terms of interpreting results of this research: their. confidence in 
teaching and their difficulties in teaching scientific enquiry. 

Part B: Perceptions about the nature of science and scientific enquiry 
Teachers' perceptions about scientific enquiry (question 6) 

Through the review of other research, there may be some misconceptions of the 
term 'scientific enquiry' among both English and Korean teachers. As Woolnough 
(1991) has pointed out, most science teachers in England regard scientific enquiry 
as doing practical work in the classroom. On the other hand, some Korean teachers 
tend to use scientific enquiry as inquiry based teaching such as 'scientific enquiry' or 
'social enquiry'. Thus the term scientific enquiry is used as a way of learning by 
using reasoning and reflection. Some teachers tend to think of it similarly to English 
teachers, as doing practical work. In addition, Korean textbooks show their mixed 
conceptions about scientific enquiry by referring to scientific enquiry as 'observing 
and thinking,' 'reading and thinking,' 'hands-on activities', 'experimentation' and so 
on. 

Therefore, there may be a gap between the descriptions in the national curriculum 
and. teachers' perception in practice. In particular, the analysis of test papers reveals 
that the Korean tests do not contain scientific investigation questions and show a 
narrower range of scientific enquiry questions: mainly they are data interpretation 
according to Klopfer's classification. The question explores the gap. 
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Teachers' perceptions about the nature of science (question 7) 
There are conflicting accounts amongst educators concerning teachers' perceptions 
about the nature of science. One argues that teachers' perceptions of the nature of 
science translate into their pedagogical content knowledge. Thus, teachers' 
perceptions about the nature of science affect teachers' attitude and understanding 
and interpretation of science disciplines so that they play an important role in their 
teaching practice (Khishfe & Abd-EI-Khalick, 2002). 

Others argue that teachers' perception of the nature of science does not significantly 
influence their behaviour in the classroom (Osborne, et ai, 2003). Research shows 
that disparity has been found between the perceptions of the nature of science and 
teaching practice in the classrooms. 

However, teachers' views about the nature of science often refer to underlying 
assumptions or values including the meaning of sCience, method, consensus making 
and the characteristics of knowledge produced (Schwartz, et ai, 2004). Thus, the 
views about the nature of science seem to affect matters in indirect ways. As 
research indicates, there is an ambiguity between their perceptions and their 
practices (Abd-EI-Khalick, 2000) 

Nevertheless, Kim H K and Song J W (2004) argue, deficient conceptions about the 
nature of science in learning and teaching appear to constitute obstacles to the 
implementation of scientific enquiry. In addition, understanding the nature of 
science has been a common goal and continues to hold an important place in both 
Curricula. 

Therefore, to explore how teachers think they teach and assess scientific enquiry 
seems to be important. In this research, question 7 has been developed based on 
'your own nature of science profile (Nott and Wellington, 1993, p109). Question 7 is 
to ascertain individual teachers' own philosophy of science. Their original 
questionnaire consisted of 24 items, including statements concerning 
instrumentalism and realism. However, question 7 in this survey consists of 14 items. 
Some statements concerning instrumentalism/realism have been excluded because 
three out of five statements overlap with the ones in relativism and positivism (RP). 
As mentioned at section 2-2-5, a speculation has been applied to the tendency in 
relativism and positivism (RP) that those who show a positivist tendency may be 
more likely to show a tendency toward Realism. Some of the statements have also 
been excluded because these are regarded, as it is not directly related to teachers' 
teaching practice. Finally, the question includes the statements concerning 
inductivism or deductivism(ID), contextualism or decontextualism (CD) and process 
content(PC) or relativism and positivism(RP). Finally, the statements become 14 as 
follows. 
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Inductivism or Oeductivism (10) 
1) Scientists have no idea of the outcome of an experiment before they do it. 
2) Science proceeds by drawing conclusions, which later become theories. 
3) Scientific theories are as much result of imagination and intuition as inference 

from experimental results. 
4) All scientific experiments and observations are determined by existing 

theories. 
Contextualism or Oecontextualism (CD) 

5) Science facts are what scientists agree they are. 
6) Scientific research is economically and politically determined. 
7) Scientific theories have changed overtime simply because experimental 

techniques have improved. 
8) In practice, choices between competing theories are made purely on the 

basis of experimental results. 

Process or Content (PC) 
9) Science education should be more about the learning of scientific processes 

than the learning of scientific facts. 
10)The most valuable part of a scientific education is what remains after the 

facts have been forgotten. 
11) Scientific method is transferable from one scientific investigation to another. 
12) A good solid ground in basic scientific facts and inherited scientific 

knowledge is essential before young scientists can go to make discoveries 
of their own. 

Relativism or Positivism (RP) 
5) Science facts are what scientists agree they are. 
8) In practice, choices between competing theories are made purely on the 

basis of experimental results. 
13) There are certain physical events in the universe which science can never 

explain. 
14) Scientific knowledge is different from other kinds of knowledge in that it has a 

higher status. 

In the original questionnaire, the score was on the scale of '1 to 10, from 
+5(strongly agree) to -5(strongly disagree) but this seems to be unnecessary in this 
questionnaire. Thus, a 5point scale is used for convenience. Thus, the responses of 
teachers are to be scored so that +2 will indicate strong agreement to the 
statement, -2 strong disagreement and a score of 0 will indicate a balanced view. 
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Table 31 Scoring methods for each statement 

1 

Total 

Then, the score for each question will be put into the appropriate box. Some scores 
have to have their sign reversed (for example, multiply by -1) before they can be 
entered into the box. After the numbers add up the sub- totals, then transfer the 
mark indicating the relevant positions as shown below. 

Table 32 The range of the views about the nature of science 

Inductivism and Deductivism (1-4) -8 ------------0---------- +8 
Contextualism and Decontextualism(S-8) -8 ------------0---------- +8 
Process and Content (9-12) -8 ------------0---------- +8 
Relativism(S,8, 13,14) -8 ------------0---------- +8 

According to the author of the original questionnaire, the interpretation of the 
results is as follows in Table 33. 
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Table 33 Interpretation of views (Nott & Wellington,1993, pll1) 

Inductivism By observing many particular instances, one is able to infer from the particular to the 
general and then determine the underlying laws and theories. 
According to inductivism, scientists generalise from a set of observations to a universal 
law 'inductively'. Scientific knowledge is built by induction from a secure set of 
observation. 

Deductivism You believe that scientists proceed by testing ideas produced by the logical 
consequences of current theories or of their bold imaginative ideas. According to 
deductivism, scientific reasoning consists of the forming of hypotheses, which are not 
established by the empirical data but maybe suggested by them. Science then 
proceeds by testing the observable consequences of these hypotheses : they are 
th en. 

Contextulaism You hold the view that the truth of scientific knowledge and processes is 
Inr'~rr1lon"'nr1.,nr with the culture in which the scientists live and in which it takes lace 

Decontextualism You hold the view that scientific knowledge is independent of it cultural location and 
sociol I structure. 

Process You see science. as a characteristic set of identifiable method/ processes. The learning 
of these is the essential of science education. 

Content You think that science is characterised by the facts and ideas it has and that the 
essential part of science education is the acquisition and mastery of this 'body of 
knowl e'. 

Relativism You deny that things are true or false solely based on an independent reality. The 
'truth' of a theory will depend on the norms and rationality of the social group 
considering it as well as the experimental techniques used to test it. Judgements as to 
the truth of scientific theories will vary from an individual and from one culture to 
another i.e. Truth is relative not absolute. 

Positivism You believe strongly that scientific knowledge is more 'valid' than other forms of 
knowledge. The laws and theories generated by experiments are our descriptions of 
patterns we see in a real, external objective world. To the positivist, science is the 
primary source of truth. Positivism recognises empirical facts and observable 
phenomena as the raw material of science. The scientists' job is to establish the 
objective relationships between the laws governing the facts and observables. 
Positivism into und causes and ultimate s. 
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Part C: Teaching and assessing 
Opinions about aims of science in the planning of teaching (question 8) 
This section is based on the documentary analysis of the national curricula and the 
analysis of the test papers. Question 8 teachers consider the focus of their 
teaching. In particular, items 1 and 2 and 4 in questions 8 explore a typical 
tendency in the assessment driven teaching method. According to the research, if 
teachers are focusing on answering all the questions asked by students, they tend to 
think the content of teaching may be absolute truth not tentative (Kim H K and Song 
J W, 2004). Question 8 also allows reflection on teachers' opinions about the 
importance of a learner-centred learning environment in items 3 and 6. 

In practice, teachers may not realise whether they teach science or scientific enquiry 
because science lessons are often involved with scientific enquiry activities with 
teaching science content. Thus, pupils can get scientific enquiry ability by doing 
practical work and carrying out scientific investigations rather than scientific enquiry 
being taught separately. However, some questions in this questionnaire are being 
asked separately in science and scientific enquiry. Thus, teachers may answer by 
thinking with different angles in the same science lessons. 

Teaching methods frequently used the teaching of science (question 9) 
Traditionally, English schools have emphasised doing of practical work in science 
classrooms whilst science classrooms in Korean schools are not much different from 
those teaching other subjects. Recently, science lessons in Korea have employed 
more experimentation and other hands-on activities. Question 9 is to know how two 
groups of teachers teach science. 

Teachers' talking, note taking, teachers' demonstration and working from work 
sheets & textbooks tend to be traditional teaching styles in Korea. In particular, 
frequent use of working from work sheets & textbooks are to familiarise the children 
with assessment content. Whole or group discussion, role play, research by 
students, experimentation and video watching represent learner-centred activities, 
helping to reflect content knowledge and its applications. 

Aims of practical work (question 10) and frequency of doing practical 
work in science classrooms (question 11). 
Question 10 is to discover teachers' opinions about the purposes of practical work. 
Each statement comes from the research about teachers' perception of practical 
work (Wellington, 1998, p6). These numbers can be categorised into three areas: 
the purpose of practical work is to enhance pupils' motivation, to enhance cognitive 
understanding and to enhance process skills. This question may also relate to 
question 6 and 7 concerning teachers' perceptions about the nature of science and 
scientific enquiry. 
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The main focus when teaching scientific enquiry (question 12) 
Question 12 is about teachers' focus when teaching scientific enquiry. This is similar 
to purposes for doing practical work such as motivating students; enhancing 
cognitive understanding and enhancing process skills can be themes in teaching 
scientific enquiry. In addition, scientific enquiry activities can enhance scientific 
reasoning, problem solving ability and fostering an understanding the nature of 
science. 

However, recent research reveals that the main aim of scientific investigation is to 
assess performance assessments for pupils (Robert & Gott, 2004). It may relate to 
question 6 that is teachers' perception about scientific enquiry. The examples are 
similar to the aims of practical work in question 10. 

Opinions about teaching methods frequently used in teaching scientific 
enquiry (question 13) 
Although some teachers may not distinguish teaching science from teaching 
scientific enquiry, this question is to ask about the same classroom with different 
angles emphasising scientific enquiry rather than teaching science to show up any 
differences between teachers' perceptions of the purpose and nature of teaching the 
two. Fieldwork and investigation items are added into the items of teaching science 
in question 9. 

Opinions about teachers' confidence in teaching scientific enquiry 
(question 14) 

Although there is a great emphasis on scientific enquiry in both the i h National 
Curriculum in Korea and the new policy in England (QCA, 2003a), the area of 
scientific enquiry seems to be new to both countries. According to the report, pupils 
showed their weaknesses in answering the scientific enquiry questions at the end of 
KS3 tests in 2003 (QCA, 2003b). Thus, eight out of eleven booster lessons, which 
have been provided by QCA, in order for teachers to help students' understanding in 
the area where pupils have show weaknesses at the KS3 tests, were scientific 
enquiry questions comprising of analysing and interpreting data, working with 
variables, evaluating evidence and how scientists work (QCA, 2003b). 

Teachers' confidence in teaching scientific enquiry is one of the most important 
elements in this new stage of implementing more about scientific enquiry area. This 
question is asking how they describe their self-confidence in teaching scientific 
enquiry. This question may relate to the obstacles of implementing more scientific 
enquiry as posed in question 17. 
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Openness of investigation (question 15) 
Scientific investigation is at the centre of scientific enquiry activity along with the 
elements of the ideas and evidence in the ENSC. Fundamentally, scientific 
investigation is to foster pupils' curiosity in natural phenomena and to develop 
explanatory ideas tested against everyday life. According to Jenkins, this curiosity is 
allied with imagination that lies at the heart of any creative endeavour (Jenkins, 
2000). In addition, the KNSC mentioned that science lessons should be taught as 
part of a scientific enquiry process. Although the outcome of. investigation is 
knowledge, which is not reconstruction of existing knowledge, the knowledge is new 
in the sense that it provides information about issues that was not hitherto available. 

Therefore, it is important to give pupils a sense of ownership of their investigation. 
The ownership may be more effective for promoting deep understanding of science 
(Jenkins, 2000). This question 15 is to know which group of science teachers give 
more freedom to their pupils for performing science investigations. From this 
question may be drawn a picture of how pupils' experiences in conducting scientific 
investigation may ultimately contribute to their view of the nature of science 
(Schwartz, et ai, 2004). Ideally, as pupils have more opportunities of ownership in 
the investigation, they may make sense of the connection that relates theory to 
supporting data, to conflicting theories, to anomalous data, to equivocal data, what 
can be taken as data and what is disqualified, what is strong evidence and what is 
weak evidence (Driver, et ai, 1996; Jenkins, 2000). 

However, as the main aim of investigative work in practice is for assessment, the 
school curriculum tends to do coursework, which is used to assess the scientific 
enquiry element of the performance assessment. Therefore, the assessment can 
restrict the freedom of open-ended scientific investigations for pupils (Roberts & 
Gott, 2004). 

Opinions about mismatches between understanding related scientific 
concept and process skills (question 16). 
As McComas argues, the form of laboratory activities conveys much about science 
processes and the construction of knowledge. Unfortunately, these experiences are 
often cookbook or verification type laboratory activities (McComas, 1998). As a 
result of this, there are discrepancies between understanding of relevant concepts 
and the aims of the investigation as well as with the process pupils are engaged in. 
Kind (2003a) also supports McComas arguing that much investigative work in school 
science has developed around specific types of task with a focus on scientific 
process skills. 

In particular, the TIMSS-PA (Performance Assessment) in 1995 results revealed 
Singapore on top in overall but on the science tasks England was equal to Singapore 
in investigative tasks such as ' investigate what effect different water temperatures 
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have on the speed with which the tablet dissolves or 'Find out how your pulse 
changes when you climb up and down~ Kind (2003a) argues that TIMSS-PA reveals 
some of this English schools' tradition of involved considerable amounts of practical 
work with its emphasis on scientific enquiry. The test format being used in the 
TIMSS-PA was similar to the guide of APU (Assessment of Performance Unit) in 
England (Kind, 2003a). Kind (2003b) also suggests that the mismatches in brilliant 
achievement in the area of scientific enquiry and poor understanding of the nature 
of science amongst English students might stem from the process-based approaches 
of school science. Often, this not only damages pupils' motivation, because they 
already know the results, but also tends to omit the process of why and how the 
related knowledge is produced being totally divorced from human influence on the 
scientific knowledge acquired (Roberts & Gott, 2004). Thus, the question 16 asks 
how much teachers are aware when this mismatch are most likely to happen. 

Opinions about obstacles in implementing more scientific enquiry in the 
science classroom (question 17) 
Research has demonstrated the complexity of implementing scientific enquiry into 
the classrooms (Osborne, et ai, 2003; Kim H K and Song J W, 2004). According to 
the research, the main obstacles pointed out to the implementation of the enquiry 
by Korean teachers are external factors such as the lack of time and resources to 
support scientific enquiry (Kim H K and Song J W, 2004). However, the depth of 
understanding about scientific concepts and the openness of scientific enquiry 
activities reveal as the most difficult challenge for teachers as well as for students in 
Korea (Kim H K and Song J W, 2004). The authors also argue that the deficient 
conception about the nature of science and the nature of scientific enquiry and the 
lack of confidence in teaching scientific enquiry appear to constitute obstacles to the 
implementation of scientific enquiry in their teaching. 

According to Osborne, et al (2003), another fundamental difficulty is that many 
science teachers themselves are educated under Circumstances, which have largely 
ignored the epistemic base and nature of its own discipline (Osborne, et al. 2003). 
Along with this lack of understanding about the nature of science and scientific 
enquiry and because of curriculum recommendations, teachers tend to transfer most 
elements of scientific enquiry indirectly and implicitly by doing practical work and 
scientific investigations (Osborne, et ai, 2003). 

The items for this question come from Kim and Song's research (Kim H K and Song J 
W, 2004) and are supported by other research (Osborne, et ai, 2003). Items 1-6 are 
external reasons why it is difficult to implement more scientific enquiry in the 
classroom. 7-11 are internal reasons for teachers. 

Opinions about scientific enquiry activities helping to achieve better 
performance in science and about the pressures of assessment (question 
18, question 19) 
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As shown in literature review, outcomes of assessment may be one of the most 
important factors in implementing more scientific enquiry in the classroom. If 
teachers regard assessment in scientific enquiry as important, it may achieve a 
higher profile in teachers! agenda. In England, in a study of science teachers! choice 
of activities in their teaching of the National Curriculum for assessment, the most 
frequently reported activity by far was given as ' practical work in groups! closely 
followed by 'scientific investigation! for 'performance assessmenf (Donnelly, 2001). 
The focus of practical work in science is identified mainly with assessment, which 
narrows the range of strategies and activities to which pupils are exposed. 
Therefore, the scientific enquiry activities seem to be closely related to summative 
examinations and performance assessment. This is not much different from Korean 
schools. The assessment system tends to force teachers and pupils to rehearse for 
testing, limiting the scope of the curriculum. This question is to explore how 
teachers regard the activities in enhancing the final science grades for the pupils. 

Part D: Different types of questions assessing scientific enquiry 

Opinions about the feasibility of questions for their students 
(question 20) 
The three examples of question A, Band C may be new to teachers and students 
alike because questions introducing scientific investigation and reinforcing scientific 
enquiry questions are relatively new. Three different sets of questions from the 
English, Korean and TIMSS-2003 were being given to teachers. 

In particular, TIMSS-2003 paper has changed from previous ones that had a higher 
proportion of multiple-choice format with a conceptual understanding domain to a 
more open-ended format with an increased proportion of scientific enquiry. 

Question 20 is to find out how well teachers think that the year 9 pupils can answer 
each type of question. This may relate to how familiar they are with the type of 
question or whether the curriculum content covers the questions. 

Opinions about how teachers would prepare pupils to take the three 
different scientific enquiry questions (question 21) 
According to research, the elements of scientific enquiry have been largely ignored 
by schools in both countries despite the emphaSis on the policies and amongst 
educators. Generally, teachers! regard the elements of scientific enquiry as tacitly 
acquired by doing practical work or investigative work. Question 21 is being asked to 
ascertain how teachers would teach for the answering of those questions. 

Opinions about which one of three questions, is the most likely to change 
teachers' teaching practices (question 22) 
Question 22 asks how teachers would change their teaching method if the 

proportions of each type of question were increased by up to 30%. 
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The question may also relate to question 23 by asking about how they would teach 
for those types of questions. It may be one of the most important questions to 
explore the research question: What is the impact of assessment in scientific 
enquiry on the perception of the teaching of science enquiry at age 14 in a 
comparison between Eng/and Korea? 

Opinions about the KS3 in Eng/ish question (question 23) 
This type of scientific investigative question may not be familiar to Korean teachers 
and students because external tests are mainly in multiple-choice format. Question 
23 asks if the question is multiple-choice format, how the students are more likely to 
answer the question. This question is to know whether the difficulty in answering 
the question lies in the content or the format of such an investigative question. 

Opinions about the content of assessment (question 24) 
Scientific investigative questions have been introduced towards the end of KS3 tests 
since 2003 in order to assess pupils' procedural understanding. Investigative 
questions can have varied context and content because the purposes of the 
question may include elements of investigation such as dependent variables, 
independent variables, controlled factors and so on. If the proportion of this type of 
question is increased, the content of scientific knowledge area can become narrower 
than the current content area. 

Therefore, question 24 is asking how much teachers are concerned about the 
content of assessment. In particular, Korean teachers may be used to assessing the 
content and context within the national curriculum because of its assessment 
tradition. According to the result of test papers analysis in chapter 5, English test 
papers tend to cover less of the content of the national curricula. 
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6-2-4 Pilot research 
The research was piloted twice during early January and June 2005 in order to know 
if the questionnaire was relevant to science teachers in England and Korea. Pilot 
research has been useful because the questionnaire as a research instrument would 
be used only once in order to acquire data. The original questionnaires were given 
to 10 English science teachers and 4 Korean science teachers through the website 
(www.eduict.org). They were asked to record time taken to complete the 
questionnaire and their opinions concerning the questionnaire design, difficulties in 
answering the questions, ways to improve quality of the questionnaire. The 
elements of nature of science and scientific enquiry seemed like a new area for the 
teachers to comment on that they found it difficult to answer the questions. 
Interestingly, a Korean science teacher responded to part D so that he listed lots of 
background science knowledge including the reasons why flowers became withered, 
prinCiples of genetic mutations and the ways to maintain moisture content from the 
stems. So, it seemed impossible to have open-ended questions in terms of time 
taken and the variety of answers. The teachers also indicated that it took 20-40 
minutes to complete the questionnaire. In accordance with the results, 
questionnaire revisions were made in order for teachers to answer the questions 
easily. Subsequently, the questionnaire tended to give more explanations and to 
reshape into multiple-choice format. Thus, the pilots increased validity of the 
research. Finally, the questionnaire were set up and translated into Korean. 

6-2-5 Procedures 
The main research was conducted from May 2005 to September 2005 among 
English science teachers and Korean science teachers. The questionnaires were sent 
to science departments in some schools by post, handed out to some schools by 
hand and to science teachers during in service training in England. Translated 
questionnaires were sent to Korean teachers in middle schools whom I had 
contacted in advance. The translated questionnaires were also sent out to various 
areas of middle schools in Korea by post and were handed out to teachers during an 
in service training course in Korea. 
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Table 34 The questionnaires distributed and collected 

Overall, 90 questionnaires from English science teachers and 100 questionnaires 
from Korean science teachers were completed and collected. Although the schools 
for the survey were chose for convenience there should be no reason to suppose 
that this sampling is not representative as the teachers were from wide spread 
locations in both countries and all were from state schools and were teaching 
science from their national curricula at KS3 level. 
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6-3 Results and analysis 
Collected data were sorted and coded quantitatively or qualitatively depending on 
the format of questions. Most data was quantified in a way which was considered to 
be most appropriate. 

The information is grouped into 4 sections: A, B, C and D : 

Sectj()T-~: background information including age, sex, teaching experience 
background specialty, and experiences of study in particular subjects. 

~~~~~A' Teachers' perceptions of scientific enquiry and the nature of science 
. the section is divided into three sub-sections: 

C-1) Teachers' perceptions of their teaching and their practice in 
the classrooms in terms of teaching science, doing practical 
work, teaching scientific enquiry 

C-2) Teachers' practice in the classrooms, 
C-3) Teachers' opinions about various obstacles in implementing 

more scientific enquiry, their confidence of teaching scientific 
enquiry, pressure of attainment targets by schools. 

~ttiWhr~ : Teachers' opinions about questions from English KS3 tests, TIMSS 200 
and Korean HE questions 

Section A, Band C from the responses in the questionnaires are analysed 
quantitatively by using spreadsheet. Section D from the responses of the 
questionnaires. 

The data analysis is to be three fold: firstly, the encoded data from the 
questionnaires are analysed statistically including inferential statistics in both English 
and Korean teachers. Secondly, the data are analysed with correlations between or 
within each section. Thirdly, section D is analysed with the same manner of the rest 
of sections. Finally data analysis is carried out in comparison between two groups of 
teachers and further finding out commonalities and differences between two groups 
of teachers. 
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6-3-1 Data analysis of Section A : Background of information 
Section A consists of personal details including age, sex, teaching career, speciality 
and experience of particular subjects. From the questionnaires, Section A is encoded 
into numbers and analysed statistically. As Table 35 and Figure 21 show, the 
majority of the teachers are in their 30s and 40s; 35% and 43% of the English 
teachers, with 43% and 28% of the Korean teachers respectively. However, the 
English teachers show fairly even distribution of age from their 20s to 50s whilst the 
percentage of teachers over 50 represent only 5% of the Korean teachers. 

Table 3S Age distributions (Ofo) 

Figure 21 Age distribution of the English teachers (Ofo) 
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Table 36 shows sex distributions in the two groups of teachers. 59% of the English 
teachers are female and 41% male whilst 77% of the Korean teachers are female 
and 23% male. 

Table 36 Distribution of sex (Ofo) 

As shown in Table 37 and Figure 22, the distribution of the English teachers 
indicates a higher proportion of experienced teachers who have more than 20 years 
teaching experience compared with the one in the Korean teachers, which falls 
abruptly over 20 years. 
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Table 37 Distribution of teaching career (%) 

Figure 22 Distribution of teaching career (%) 
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In terms of specialty, Korean teachers have integrated science as their major study. 
As they were qualified as teachers for middle schools, they could choose 'integrated 
science' as they took the qualification examination. Therefore teachers who have 
'Integrated science' can only teach in middle schools and 'Integrated science' at high 
school year 1. Table 38 and Figures 23 and 23-1 show the distributions of specialty 
amongst both groups of teachers. 

Table 38 Distribution of specialty (%) 

* Int. Science: Integrated Science 
* B+C: Biology + Chemistry * B+C+P: Biology + Chemistry + Physics 
* B+C: Biology + Chemistry * B+P: Biology + Physics *C+P : Chemistry +Physics 

Apart from 'Integrated science' Biology is the most popular subject in both groups of 
teachers. 
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Figure 23-1 Distribution of specialty in the English teachers 
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Figure 23-2 Distribution of Specialty in the Korean teachers 
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In terms of subject experience, 88 of 100 Korean teachers indicated that they have 
studied particular subjects, some of them stating more than two subjects. Over half 
(56%) have studied 'History of science~ Next are 'Philosophy' and 'Philosophy of 
Science' with 33 and 31 respectively. However, 22 out of 100 teachers stated they 
have no experience of studying any of those subjects. The lowest proportion is 
'Sociology of Science'with only 15. 

According to the English teachers' responses, a considerable proportion of teachers 
(60 out of 90) indicate they have no experience of any of four subjects. 'Philosophy 
of Science'and 'History of Science'have been studied by 23 and 19. 'Philosophy' and 
'Sociology of science'are less common with 5 and 4 only. Details are shown in Table 
39 and Figures 24. 
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Table 39 Study experience of subjects (Indicated numbers) 

Figure 24 Study experience of subjects (indicated numbers) 
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Comparing the two groups of teachers, the distributions of age and sex show similar 
tendencies with the majority female, 30s and 40s. The distribution of the Korean 
teachers indicates that they have higher proportions of younger teachers and lower 
proportions of experienced teachers who have more than 20 years experience 
espeCially female. In comparison, the group of English teachers shows fairly even 
distributions of age and teaching experience. 

In terms of specialty, both England and Korea have their own teacher training 
system so that teachers' specialties are varied. A large proportion of the Korean 
teachers have 'Integrated science' as their specialty whilst 'Biology' is a major 
specialty amongst the English teachers followed by 'Chemistry' and 'Physics~ One 
notable feature in section A is a difference in experience of particular subjects. The 
majority of English teachers indicates that they have no experience of studying 
'History of Science~ Philosophy, 'Sociology of Science' or 'Philosophy of Science~ In 
contrast, the majority of Korean teachers indicate that they have studied 'History of 
Science' or other subjects. 
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6-3-2 Data analysis of Section B: Teachers' perceptions of scientific 
enquiry and the views of the nature of science 

This section collects data from question 6 and 7 in the questionnaire. Question 6 
consists of 14 items, which are regarded as part of learning scientific enquiry. 

Table 40 Items being regarded as a part of learning scientific enquiry{%) 

Figure 25 Items being regarded as a part of learning scientific enquiry (%) 
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Although there seem to be similar figures amongst items in general, there are 
differences in teachers' perceptions about parts of learning scientific . enquiry. As 
shown in Table 40 and Figure 25, most teachers in both groups do not regard 
'Teachers demonstration / and 'Teachers ta/king/ as part of learning scientific 
enquiry. Nevertheless, 'Teachers/ demonstration/ is less-regarded with 32% than 
'Teacher talking/with 41%' by the English teachers whereas Teachers/ talking is less 
regarded with 33% than 'Teachers/ demonstration/ with 41% by the Korean 
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teachers. There are different percentages for the items 'Watching video; 'Reading 
and Thinking about Phenomena' and 'Field trip~ More of Korean teachers regard 
those items as part of learning scientific enquiry. Interestingly, 80% of Korean 
teachers indicate 'Reading and Thinking about Phenomena' as a way to learn 
scientific enquiry compared with 70% of English teachers. There are similar figures 
in other items. Almost all Korean respondents indicate 'Open investigations by 
pupils'as part of learning scientific enquiry with 98% compared with the proportions 
of 'Discussion and Argumentation; 'Practical work'and 'Experimentation~ 

To sum up, the Korean responses may reflect that the Korean teachers regard 
scientific enquiry as the converse of teacher centred learning as mentioned in 
Chapter 2. Korean teachers do not carry out open investigations, field trips and 
research frequently; they regard those items as being more learner-centred than 
those items such as teachers' talking and teachers' demonstrations. Thus, more of 
the Korean teachers regard 'Watching video', 'Reading and Thinking about 
Phenomena' and 'Field trip' as part of learning scientific enquiry than English 
teachers. On the other hand, the English responses may reflect scientific enquiry as 
an empirical oriented work such as practical work, experimentation, investigation 
and research showing higher percentages in those items than others such as 
fieldtrip, watching video, argumentation, thinking and reading about phenomena 
and so on. These results may show how the national curricula affect teachers' 
perceptions. 

Concerning the teachers' perceptions about the nature of science (Question 7), the 
result is to show a unique profile of individual teachers' view of science whether a 
teacher has a view of it as 'Inductivism' or 'Duductivism~ 'Contextualism' or 
'Decontexualism; 'Relativism' or 'Positivism' and whether a teacher views it as 
'Process' oriented or 'Content' oriented. 

Question 7 consists of 14 items modified from the original 'your own nature of 
science profile'(Nott and Wellington, 1993; 1998, p310). 

Before following the scoring method, responses to each item from both groups of 
teachers are added up with accordance in the teachers' indications in order to 
explore the perceptions about each item as shown in the table below. 
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*ID 

*CD 

*PC 

*PR 

Table 41 The results of teachers' views about the nature of science 

1 30 60 8 
2 2 16 20 
3 2 23 19 
4 17 43 22 
5 10 18 27 
6 2 7 19 
7 3 38 10 
8 8 38 23 
9 1 12 28 
10 2 11 19 
11 o 3 5 
12 o 21 12 
13 12 23 14 
14 24 36 23 
5 10 18 27 
8 8 38 23 

* ID: Inductivism/Deductivism 
* CD: Contextualism/Decontextualism 
* PC: Process/Content 
* PR: Positivism/Relativism 

2 
52 
46 

18 
38 
50 

39 
27 
42 

48 

44 

37 

28 
14 

29 
27 

o 17 
10 3 

11 7 

o . 20 

7 7 

22 5 

10 20 

4 15 
17 o 
20 3 

48 o 
30 o 
23 4 

3 4 

6 7 

4 15 

SD: Strongly Disagree 
D: Disagree 
0: Neutral 
A: Agree 
SA: Strongly Agree 

39 
16 
26 
41 

13 

3 

40 

39 
14 

6 

3 

4 

10 
17 
13 

39 

33 10 
16 45 

21 36 
16 22 
14 48 

15 51 
22 16 
36 12 
24 32 
35 39 
22 52 
11 47 
23 40 

35 35 
14 48 

36 12 

Firstly, the English teachers are more clearly skewed toward Deductivism than the 
Korean teachers. Although more of the Korean teachers show disagreement with 
item 1 and agreement with item 3, the Korean responses appear more neutral in the 
item 1: 1. Scientists have no idea of the outcome of an experiment before they do it 
and 3.scientific theories are as much a result of imagination and intuition as 
inference from experimental results. Most of the teachers in both groups agree that 
Science proceeds by drawing conclusions, which later become theories but only 18-
19% teachers disagree in item 2. In terms of theory-laden nature of science, most 
of the teachers in both groups disagree 60-61% with item 4: A// science experiments 
and observations are determined by existing theories, with only 18-23% agreement 
respectively. So, the teachers' responses in both groups show inconsistency and odd 
indication of Deductivism view in some items and Inductivism view in other items. 

Secondly, the Korean teachers show a clearer tendency to the Contextua/ism view 
whilst the English teachers show indeterminate, mixed and neutral tendency in this 
Contextua/ism and Decontextua/ism section. 
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The majority of the Korean teachers agree with item 5 that Science facts are what 
scientists agree they are when the English teachers show mixed and indeterminate 
tendency with 45% Agree, 27% Neutral and 28% Disagree. Both groups of teachers 
agree with item 6 that 'Scientific research is economically and politically determined~ 
Most of the Korean teachers disagree with item 7 and 8: 'Scientific theories have 
changed over time simply because experimental techniques have improved and In 
practice, choices between competing theories are made purely on the basis of 
experimental results. In particular, the Korean responses to item 8 appear 36% 
neutral (0). 

On the other hand, the English responses to item 7 appear mixed and indeterminate 
with 41% disagree, 10% neutral and 49% agree. In item 8 English responses also 
appear indeterminate with 46% disagree, 23% neutral and 31% agree. Except for 
item 6, the responses from English teachers appear indeterminate and mixed 
tendencies. 

Thirdly, both groups of teachers show similar tendencies to all 4 items in the 
Process-Content section. In item 9, both groups of the teachers agree that Science 
education should be more about the learning of scientific processes than the 
learning of scientific facts. The Korean teachers tend to be in stronger agreement 
with 17% of the English teachers indicating strong agreement and 30% of the 
Korean teacher. On items 10 and 11, the English teachers indicate stronger 
agreement with the most valuable part of a scientific education is what remains 
after the facts have been forgotten and science method is transferable from one 
scientific investigation to another. 35% of the Korean teachers opt for the neutral 
category on item 10 and 22% on item 11. In item 12, the Korean teachers show 
stronger agreement that A good solid ground in basic scientific facts and inherited 
scientific knowledge is essential before young scientists can go on to make 
discoveries of their own with 85%, agreeing and only 4% disagreeing. Whilst the 
English teachers express agreement with 65% agree and 21% disagree. 

The fourth section shows the tendency toward RelativisimjPositivism. The English 
teachers show vague and indeterminate views in most items in this section. The 
majority of the Korean teachers agree with item 5 that Science facts are what 
scientists agree they are whilst the English teachers show mixed and indeterminate 
tendency with 45% Agree, 27% Neutral and 28% Disagree. Most of the Korean 
teachers disagree with item 8 that In practice, choices between competing theories 
are made purely on the basis of experimental results with 36 % neutral (0). On the 
other hand, on item 8 English responses also appear indeterminate with 46% 
disagree, 23% neutral and 31% agree. On item 13, the English teachers have vague 
or mixed views that there are certain physical events in the universe which science 
can never explain 51% agree, 14% neutral and 35% disagree whilst most of the 
Korean teachers agree with 63% agree, 23% neutral and 14% disagree. 
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However, on item14, the English responses show a clear disagreement that 
'Scientific knowledge is different from other kinds of knowledge in that it has a 
higher status' with 60% disagreeing and 17% of agreeing. The Korean responses 
appear more mixed and indeterminate on the item indicating only 21% disagree, 
35% neutral and 44% agree. Apparently, more of the Korean teachers are more 
likely to think scientific knowledge has a higher status than other kinds of knowledge 
than English ones. 

To sum up, both groups of teachers show na"ive idea in terms of the nature of 
scientific theory and the theory-laden nature of science tending to disagreement at 
item 4: all scientific experiments and observations are determined by existing 
theories. In addition, considerable proportions of teachers in both countries believed 
that science proceeds by drawing conclusions, which later become theories. 
However, in the lnductivism/Deductivism section the English teachers show clearer 
Deductivism views than the Korean ones. More of the English teachers tend to have 
inconsistent and indeterminate views in the 'Contextualism/Decontextualism' and 
'Relativism/ Positivism' section including the tentativeness of science. The Korean 
responses appear to have more of a tendency towards Contextualism and Relativism 
than the English ones. In particular, the English responses in the six items appear 
mixed and indeterminate views in all but only two items. On the other hand, the 
Korean teachers show clearer tendency and more desirable views about the nature 
of science in the above sections. One notable feature in the results of item 14 is that 
more of the Korean teachers believe that scientific knowledge has higher status than 
other kinds of knowledge. By contrast, most of the English teachers indicated 
disagreement with it. 

Both groups of teachers show a process-oriented tendency. The items in the 
Process/Content oriented section seem to be more closely related to teaching and 
learning than other sections. Although both groups of the teachers express 
agreement with the emphasis on scientific process rather than scientific facts, the 
Korean teachers show a more extreme tendency by selecting strong agreement on 
item 9: Science education should be more about the learning of scientific processes 
than the learning of scientific facts as well as indicating stronger agreement on item 
12:A good solid ground in scientific facts and inherited scientific knowledge is 
essential before young scientists can go on to make discoveries of their own. 

This section clearly shows a conflict in teachers' views between the importance of 
process oriented tendency in item 9 and of the content oriented tendency in item 
12. Both groups of the teachers show inconsistency between item 9 and 12 with 
higher opting for agreeing on the both items. 

There follows an analysis based on the original scoring method, which shows the 
overall picture for each section in Table 42. The responses for each statement have 
been scored on a scale of +2(Strongly agree) to -2(Strongly disagree) with a score 
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of 0 indicating neutral view. Some items are multiplied by -1 to reflect the direction 
of the statement. Then, the overall figure is calculated for each sub-section. The 
total for each sub-section ranges from -8 to +8 as shown in Table 42. Once each 

individual item has been scored then combined into the 4 sections, it' shows a 
unique profile of each respondent: whether the teacher has views tending toward 
'lnductivism' or 'Deductivism; 'Contextualism' or 'Decontextualism; 'Relativism' or 
'Positivism'and 'Process' or 'Content' oriented. 

Table 42 The original scoring method concerning the views about the nature of science 

have no idea of the outcome of an experiment 
do it. 

Science proceeds by drawing conclusions, which later 
become theories. 
Scientific theories are as much a result imagination 
and intuition as inference from results. 
All observations are 

Subtotal of scores 
-8 .... ...... .. : .... .. ... 0 ..... .......... .. ........ 8 

Indictivism ..... .. ... .. .. ... ... .... ... ... Deductivism 

Scientific research is economically and politically 
determined. 

time simply 

Contextualism ... .... .... ..... ....... ... .. ...... ... Decontexualism 
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* 1 
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* 1 
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9 

10 

11 

12 

5 

8 

13 

14 

Science education should be more about the learning 
of scientific processes than the learning of scientific 
facts. 
The most valuable part of a scientific education is 
what remains after the facts have been fo otten. 
Scientific method is transferable from one scientific 
I to another. 
A good solid ground in basic scientific facts and 
inherited scientific knowledge is essential before 
young scientists can go on to make discoveries of 
their own. 

Sub-total 
-8. .. ... .... ... 0 ..... ... .. ..... 8 

Relativism .. .... .. .......... . Positivism 

Science facts are what scientists agree they are 

In practice, choices between competing theories are 
made on the basis of rimental results. 
There are certain physical events in the universe which 
science can never lain. 
Scientific knowledge is different from other kinds 
of knowl in that it has a hi her status. 

Sub-total 
-8 .. ........ .. 0 .. ... ... ..... 8 

Process ...... ...... Content 
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Then, the individual profiles are computed to summarise the data and describe the 
characteristics between the two groups of teachers. Firstly, frequencies of each 
section are shown in Table 43 and figure 26. 

Table 43 Frequency about each section between the English and Korean teachers on 
sub-categories 
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Figure 26 Comparison of frequency about sub-items between the English and Korean 
teachers 
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Secondly, means and standard deviations (SD) are shown in Table 44. In order to 
make inferences about those two populations statistically, a research hypothesis 
(Hi) and a null hypothesis (Ho) are formulated with 95% significance level. In this 
example, a null hypothesis (Ho) states that there will be no difference in views of 
the sub-items. Assuming that the distributions of the two groups are normal 
distributions, a t test is appropriate for this purpose. 

Table 44 Mean and SO in the views about the nature of science 

As shown in Table 44, the null hypothesis is rejected at the 95% level of significance 
apart from the view of Relativism/Positivism because the critical value is more than 
0.05. 

The results show the same tendency as the previous analysis shown in Table 43 but 
mask the mixed, indeterminate and inconsistent views on individual items. 

According to Table 44, the English responses indicate more 'Dedutivist/views than 
the Korean teachers. The English teachers show more 'process oriented/ tendency 
than the Korean teachers. The Korean teachers have more refined views in the 
sections in 'ContextualismjDecontextualism/ and Relativism/Positivism showing 
more 'Contextualist/views and 'Relativist/views. On 'Relativism/Positivism; although 
there is a difference between the mean, showing the Korean teachers have slightly 
stronger tendency toward Relativism, this is not statistically significant. 

Thirdly, Table 45 has been created by considering the scores of each individual 
response from being calculated by the original method shown in Table 43. As the 
scores fall into + 1 to +8, each respondent is regarded as 'Deductivism~ 
'Decontextualism~ 'Content oriented/and 'Positivism/tendency. Whilst as the scores 
fall into -1 to -8, then each respondent is regarded as 'Inductivism~ 
'Contextualism~ 'Process oriented/ and 'Relativism/ tendency. Thus, the degree of 
agreeing and disagreeing has been ignored. 

More of the English responses appear '0/ (Neutral) at sub-total of each section by 
the original scoring method, which reflect teachers' inconsistent responses on some 
items within a same section. As shown in Table 45, in the sections of 
'Contexualism/Decontextualism/ and 'RelativistjPositivisr more of the English 
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responses are 'O ~ (Neutral) with 20% and 22% respectively comparing to 5% and 
10% of the Korean responses. By contrast, in the section of 'Process/Content 
oriented/ section, more of the Korean responses appear '0/ (Neutral) with 17% 
compared with 9% of the English responses. 

Table 45 Views of the nature of science with '0' (Neutral) 

InDuctivism 24 48 
Contextualism 54 80 

O(Neutral) 20 5 
Decontextualism 25 15 
Process oriented 72 60 

O(Neutral) 9 17 

Content oriented 19 23 
Relativism 59 74 

O(Neutral) 22 10 
Positivism 19 16 · 

Finally, Table 46 shows that there are six different groups of teachers in both 
countries. Group 1 regards as a developed view of the nature of science which 
shows Deductivist, Contextualism, Process oriented and Relativist tendency. Groups 
2, 3, 4, and 5 are classified only one section about the nature of science being 
different from group 1. 

Majority of teachers in both countries show odd views with 56% English teachers 
and 42% Korean teachers. Although slightly more of the English teachers indicate 
developed views, more of them appear to have odd view overall than the Korean 
teachers. As shown in the table, the main conflict areas about the views of the 
nature of science among the Korean teachers are revea led in the sections of 
'Inductivistj Deductivisrand 'Process/Content oriented~ 
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Table 46 Grouping of teachers having different tendencies (%) 

1 Deductivist, Developed 
Contextual ism, 18 14 views 

Process oriented 
Ralativist 

2 Inductivist 9 23 
Contextual ism, 

Process oriented 
Relativist 

3 Deductivist, 5 2 
Decontextualism 

Process oriented 
Relativist 

4 Deductivist 5 13 
Contextualism 

Content oriented 
Relativist 

5 Deductivisit 7 6 
Contextualism 

Process oriented 
Positivist 

6 Rest 56 42 Mixed views 

To sum up, considerable proportions of teachers in both groups show odd or outdated 
views and are being inconsistent and indeterminate in some items. More of the 
Korean teachers show clearer views in each section than the English ones except in 
the Inductivist;Deductivist section. The responses of the Korean teachers show 
conflict in the Process oriented/ Content oriented section. This tendency may reflect a 
confused sense of the stress on the process oriented views or on the content oriented 
teaching. 
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6-3-3 Analysis Section C 
Section C consists of questions 8 to 19 concerning teachers' emphasis on their 
teaching in the classroom and opinions in teaching and assessing. 

Thus, Section C can be divided into 3 sub-categories: 
C-l Teachers' emphasis on their teaching: Questions 8, 10, 12 
C-2 Teachers' practice: Questions 9, 11, 13, 15 
C-3 Teachers' opinions: Questions 14, 16, 17, 18, 19 

Section C is a threefold analysis: First, each item of each question is to be computed 
and mean and standard deviation (SD) calculated. Second, in order to make 
comparison between the two groups of teachers, employing a t test uses inferential 
statistics. Third, correlations are explored between the sub-categories mainly 
between teachers' views (Section B) and their emphasis (C-1) and between their 
emphasis (C-1) and their practice (C-2). 

C-l Teachers' emphasis in their teaching: Questions 8, 10, 12 
These three questions explore teachers' perceptions concerning the aims of teaching 
science in Question 8, the aims of doing practical work in Question 16 and focuses 
on teaching scientific enquiry in Question 12. 

Firstly, Question 8 is to explore how teachers regard the aims of teaching science. 
Reponses on each item are encoded from 1, 'very important/to 5 'not important~ 

Table 47 Aims of teaching sCience (Question 8) 

To stimulate scientific curiosity 1.33 0.54 1.79 1.09 0.0003 

To answer all the questions asked by students 2.1 0.93 2.1 0.93 0.934 

To demonstrate how to justify scientific claims 2.0 0.7 2.29 0.82 0.009 
based on evidence 
To guide and organise pupils' study 2.16 0.76 2.22 0.89 0.592 

To provide good ' understanding of scientific 1.57 0.69 1.94 1.07 0.004 
conce 
To enhance students' career prospects 2.52 0.96 2.65 0.89 0.345 

* Statistical Significance at 95% confidence level 
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As Table 47 shows, both groups of teachers regard the most important factors in 
planning their teaching as to stimulate scientific curiosity and to provide good 
understanding of scientific concepts. 

However, the English teachers rate th<?se items as more importflnt than the Koreans 
which is statistically significant at the 95% confidence level. The table also shows 
that both groups of teachers regard the least important factors in planning their 
teaching as to familiarise students with the type of assessments they will get and to 
enhance students/ career prospects. Korean teachers regard the former item as less 
important than English ones, which is significant at the 95% confidence level. 

Other items show no significant difference on the t-test. Apart from 'To demonstrate 
how to justify scientific claims based on evidence/ 
which the English teachers rate as a more important factor, 

Secondly, Question 10 explores teachers' perceptions about the aims of practical 
work, As the t-test in Table 48 shows, most items have no significant difference 
statistically when comparing the means of the two groups, 

Table 48 Aims of doing practical work (question 10) 

ence 
To practise seeing problems and seeking 1.90 0,70 1.87 0,95 0,803 

to solve them 
To promote a logical and reasoning 1.84 0,73 1.95 0,88 0,368 
method of ht 
To encourage accurate observation and 1.57 0,62 2,1 0,89 0,000 
descri n 
To find facts and arrive at new principles .2.48 1.02 2,22 0,82 0,058 

To demonstrate theoretical work as an aid 2,04 0,92 2,21 0,82 0,194 
to com hension 
To arose and maintain interest 1.49 0,64 1.72 0,92 0,044 

To develop manipulative skills 1.84 0,85 2,13 0,90 0,025 

To develop verifying facts and principles 2.36 0,98 2.31 0,85 0.732 
tau 

To satisfy National Curriculum requirement 3,10 0,99 2,64 0,91 0,062 
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The English teachers regard 'To motivate pupils' and 'To encourage accurate 
observation and description' as more important aims of practical work than any 
other item. The English teachers also say that 'To promote a logical and reasoning 
method of thought' as well as 'To develop manipulate skills'are important. 

The Korean teachers regard 'To motivate pupils' as the most important aim of 
practical work. They also indicate 'To practise seeing problems and seeking ways to 
solve them' and 'To promote a logical and reasoning method of thought' as more 
important aims of practical work than other items. 

Both groups of teachers indicate the least important factor as 'To satisfy National 
Curriculum requirement~ On the item 'To develop manipulative skills; there is a 
significant difference statistically, the English teachers regarding it as more 
important than the Korean teachers. 

Thirdly, Question 12 concerning teaching scientific enquiry is scored from 1-5(high 
focus to low focus) and computed as shown on Table 49. 

Table 49 Focus on teaching scientific enquiry (Question 12) 

Fostering explorative or research skills 2.41 0.89 2.61 0.86 0.119 

Preparing students to get practical skills 2.07 0.7 2.61 0.86 0.000 
for their investi ations 
Fostering an understanding of the 2.43 0.89 2.1 0.94 0.011 
nature of science 
Encouraging students to solve problems 2.12 0.88 2.0 0.93 0.355 

Encouraging reasoning and critical 1.88 0.73 2.36 0.92 0.000 
thinking 

Preparing students for performance 2.68 1.05 3.05 0.99 0.012 
assessments 

Helping students understand content of 2.06 0.89 1.90 0.78 0.205 
topic 

Motivating students 1.82 0.73 1.84 0.77 0.870 

The English teachers show greatest focus on 'Motivating students'and 'Encouraging 
reasoning and critical thinking'whilst the Korean teachers focus most on 'Motivating 
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students' and 'Helping students understand content of topic' as they teach scientific 
enquiry. 

'Helping students understand content of topic' and 'Preparing students to get 
practical skills for their investigations' are indicated as fairly important items by the 
English teachers. On the other hand, the Korean teachers regard 'Encouraging 
students to solve problems' and 'Fostering an understanding of the nature of 
science' as fairly important factors. 

Both groups of teachers indicate 'Preparing students for performance assessments 
as the item they focus on least. There are several items that show a significant 
difference between the two groups of teachers. The English teachers rate 
'Encouraging reasoning and critical thinking' as a much higher focus than the K~rean 
teachers do 1.88 and 2.36 respectively. The English teachers also rate 'Preparing 
students to get practical skills for their investigations' as a more important item 
when teaching scientific enquiry than the Korean teachers do. The English teachers 
rate 'Preparing students for performance assessments' as a slightly more important 
item than the Korean teachers. However, the Korean teachers indicate 'Fostering an 
understanding of the nature of science' as a slightly more important item than 
English teachers do. 
Table 50 shows a summary of this section C-1 selecting the most frequently chosen 
items from questions 8, 10 and 12. 
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Table 50 Summary of teachers' perceptions about teaching science, doing practical work 
and teaching scientific enquiry 

Teaching 
science 

Doing 
practical 
work 

Teaching 
scientific 
enquiry 

-To stimulate scientific curiosity 
-To provide good understanding of 
scientific rnnront-c-

-To arouse interest and maintain 
interest -To encourage accurate 
observation and description 
-To promote logical thinking and 
reasoning method of thought 
-To devel mani lative skills 
-Motivating students 
-Encouraging reasoning and critical 
thinking 
-Helping students understand content 
of topic 
-Preparing students to get practical 
skills for their i s 

-To stimulate scientific curiosity 
-To provide good understanding 
scientific con 
-To arouse interest and maintain 
interest 
-To practise seeing problems and 
seeking ways to solve problems 
-To promote a logical and reasoning 
method of thou ht 
-Motivating students 
-Helping students understand 
content of topic 
-Encouraging students to solve 
problems 
-Fostering an understanding of the 
nature of science 

There is a similar tendency between the two groups of teachers concerning the aims 
of teaching science. Both groups of teachers regard stimulating scientific curiosity 
and providing good understanding of scientific concepts as the most important 
items. They also regard familiarising students with the type of assessment and 
enhancing students' career prospec;t:s as the least important items. 

Concerning the aims of practical work, both groups of teachers indicate motivating 
students as the most important consideration and the national curriculum 
requirement as the least important. However, there is a different tendency in that 
the English teachers regard encouraging more accurate observation and developing 
manipulate skills as important factors as well as indicating that to promote a logical, 
reasoning method of thought is an important item. By contrast, the Korean teachers 
regard to practise seeing problems and seeking ways to solve them and to promote 
a logical, reasoning method of thought as important items indicating the 
development of manipulative skills as less important. 

In respect of the focus on scientific enqUiry, both groups of teachers indicate 
motivating students as the most important item and preparing students for 
performance assessments as the least important. Whilst the English teachers 
indicate encouraging reasoning and critical thinking with similar importance for 
motivating students, the Korean teachers rate helping students understand content 
as an important item with a similar level of importance to the item of motivating 
students. The English teachers regard preparing students to get practical skills for 
their investigations as an important item with a similar level of importance to helping 
students understand content. By contrast, the Korean teachers indicate fostering an 
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understanding of the nature of science and encouraging problem solving as 
important items but fostering explorative skills or research skills and practical skills 
for students' investigations are less important items. 

Therefore, there seems a strong similarity between the two groups of teachers. One 
notable difference is that English teachers are more concerned about the empirical 
nature of science such as manipulative skills, observation or investigative skills than 
the Korean ones who are more concerned about problem solving and logical thinking. 
One interesting feature may be that the English teachers relate scientific enquiry as 
a way to encourage students' reasoning and critical thinking whereas practical work 
is a way to improve observation and manipulative skills and method of reasoning. 
On the other hand, the Korean teachers relate understanding the nature of science 
to scientific enquiry concerning problem solving. 
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C-2 Teachers' practice: Questions 9, 11, 13, 15 
This section analyses how teachers think they teach in the classroom in practice. 
Question 9 concerns main teaching methods. The data is encoded into 1-5 from 
very often to seldom and never. 

Table 51 Frequency of using teaching methods 

Teacher talking and explaining 1.43 0.56 1.49 0.63 0.512 

Note taking 2.5 0.9 2.8 0.98 0.029 

Whole group 2.29 0.8 3.62 0.78 <0.000 
Discussi entation 
Role play 3.68 0.73 4.14 0.87 <0.000 

Research information and collecting 2.61 0.84 3.33 0.71 <0.000 
data to solve lems 
Teacher demonstration 2.16 0.65 2.56 0.82 0.0002 

Experimentation 1.69 0.63 2.73 0.8 <0.000 

Open-ended investigation 3.06 0.78 3.7 . 0.75 <0.000 

Working from worksheets/textbooks 2.38 0.77 2.33 0.89 0.692 

Video watching 3.12 0.7 3.18 0.73 0.578 

Field trip 4.01 0.66 4.38 0.63 *0.0007 

* Statistical significance at 95% confidence level 

There are no significant differences statistically in these items 'Teacher talking and 
explaining;' Working from worksheets/textbooks'and' Video watching' between both 
groups of teachers. However, there are differences in those items 'Whole group 
discussion/ argumentation~ 'Role play~ 'Research information and collecting data to 
solve problems; 'Experimentation~ 'Open-ended investigation' and 'Field trip~ The 
English teachers tend to do more the above items, which can be learner centred 
activities. By contrast, the Korean teachers tend to use worksheet, note taking and 
teacher demonstration that can be more teacher-directed and they put more 
emphasis on problem solving and conceptual understanding. 

In terms of frequent teaching methods, the English teachers use 'Teacher talking 
and explaining' and 'Experimentation' most frequently. 'Teacher demonstration' and 
'Whole group discussion/ argumentation' come next. The Korean teachers use 
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'Teacher talking and explaining/ and 'Working from worksheets/textbooks/ most 
often. 'Teacher demonstration/and 'Experimentation/follow. So, apart from 'teacher 
talking/ as dominant in both groups of teachers, there are lots of differences in 
teaching methods. 

In terms of frequency of practical ,work (Question11), the majority of English 
teachers (64%) indicate that they do practical work in more than half of their 
lessons shown in Figure 27. On the other hand, the majority of Korean teachers 
indicate that they do practical work in 10-50% of their lessons. 

Figure 27 The percentage of practical work in science lessons 
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Question 13 asks about teaching methods when teachers teach scientific enquiry 
The data is encoded into 1-5 from very often to never. 
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Table 52 Frequent teaching methods in teaching scientific enquiry 

Teaching explicitly about how to collect evidence 
in situations where variables cannot be readily 
collected from their own investigation 

Presenting pupils with graphs of different kinds 
and asking them to draw conclusions and to state 
clearly the evidence on which they base their 
conclusions 
Presenting pupils with conclusions others have 
drawn from evidence and asking them to decide 
whether these are justified 

Providing opportunities for practical work that 
requires pupils to solve problems 

Being explicit about how evidence from either 
historical or contemporary data can be used to 
draw conclusions and to scientific ideas 

2.92 

2.46 

2.96 

2.38 

2.89 

1.05 2.85 0.87 0.608 

0.91 2.6 1.01 0.303 

0.97 2.83 0.91 0.360 

0.88 2.62 1.07 0.089 

0.83 3.08 0.88 0.204 

As shown in Table 52, the responses show fairly even distributions with no significant 
differences between the two groups statistically except the item, 'Giving pupils 
opportunities to describe patterns and relationship in data from pupils own or others 
investigations and asking them to explain and justify pupils/ description~ The English 
teachers indicate the item as more frequently used. The items 'Making predictions of 
additional readings from pupils' own or other's lnvestigations/ and 'Providing 
opportunities for practical work that requires pupils to solve problems/come next. 

The Korean Teachers indicate 'Present pupils with graphs and ask them to draw 
conclusions as the way to teach scientific enquirj is slightly more frequently used 
than other items. 'Providing opportunities for practical work that requires pupils to 
solve problems/comes close behind. 

Question 15 concerns the level of ownership in open-investigation. The responses 
are encoded into 1 always teachers, 2 usually teacher infrequently students, 3 usually 
students rarely teachers and 4 with always students. 
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Table 53 Level of pupil's freedom in investigations 

As shown in Table 53, the English teachers give more freedom to pupi ls when pupils 
are carrying out open-investigations. The responses from the English teachers 
reflect that 'Types of investigation' tend to be given by teachers and 'Variables; 
'Apparatus' and 'Planning' tend to be decided usually by teachers but infrequently 
students and 'Conclusion; 'Analysis' and 'Evaluation' by usually students rarely 
teachers. 

In contrast, The Korean teachers tend to direct 'Evaluation~ 'Apparatus~ 'Variables' 
and 'Planning' whilst with 'Collecting data' and 'Conclusion/ Analysis~ a little more 
freedom is to be given to students. 

There are significant differences statistically in items between the two groups of 
teachers at the 95% confidence level. Thus, both groups of teachers tend to decide 
'type of investigation'. Yet, Korean teachers tend to direct 'Evaluation'whilst English 
teachers rarely do. 

Summary of C-2 
There are important similarities as well as differences in teaching science in practice. 
Table 54 shows a summary of this section C-2 reflecting the most frequently 
selected items from questions 9, 11, 13 and 15. 
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Table S4 Summary of teachers' practice 

Most frequently used items 
in classrooms 

Practical work 

Teaching scientific enquiry 

Openness of investigation 

Teachers talking 
Experimentation 
Teacher demonstration 
Whole discussion 
More practical work 

Giving pupils opportunities to 
describe patterns and 
relationship in data . from 
pupils own or other's 
investigations and asking 
them to explain and justify 

s'descri 
More freedom to pupils 

mentation 
Less practical work 

Presenting pupils with graphs 
of different kinds and asking 
them to draw conclusions and 
to state clearly the evidence 
on which they base their 
conclusions 

Less freedom to pupils 

Although both national curricula put emphasis on scientific enquiry, teachers from 
both countries do not take the teaching methods which are known to enhance 
pupils' scientific enquiry ability such as scientific investigation, whole group 
discussions and so on. In addition, there is a little difference statistically amongst 
the statements in question 13 as shown in table 52. This maya reflection of the fact 

. that teachers are not very concerned about those teaching methods. 

Compared with the Korean teachers' responses, English teachers do more practical 
work and are more concerned about practical skills. English teachers tend to do 
more learner centred teaching methods than Korean teachers. In terms of the level 
of pupils' freedom in the investigations, the English teachers tend to give more 
freedom to their pupils than the Korean teachers do. On the other hand, the Korean 
responses indicate Korean teachers tend to take up more teacher dominated 
teaching methods and concern more of conceptual understanding. Interestingly, 
more Korean responses identify the 'Field trip' as a scientific enquiry activity in 
section B (Question 6) but the Korean responses show less use of field trips than the 
English. However, both groups of teachers seldom use 'Role play'or 'Field trips~ 
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C-3 Teachers' opinions: Questions 14, 16, 17, 18, 19 
Question 14 concerns teachers' confidence in teaching scientific enquiry as shown 
in Figure 28. 

Figu~e 28 The teachers' confidence in teaching scientific enquiry (%) 
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The English teachers indicate they have more confidence than Korean teachers in 
teaching scientific enquiry. The figures show that 75% of English respondents 
express their confidence in teaching scientific enquiry as 'High/or 'Very high/whilst 
53% of the Korean teachers express their confidence as 'Neither high nor low' and 
only 43% of teachers indicate that they are 'Confident/in teaching scientific enquiry. 

In terms of opinion about possible causes of mismatch between ideas in an 
investigation and pupils' activities more English teachers indicate the items 'When 
the investigation was carried out within a limited time and space' and 'When the 
process was complicated and students did not have enough ski//s~ (Question 16) 
On the other hand, 68 % of the Korean teachers indicate that 'When the process 
was complicated and students did not have enough skills' pupils were most likely to 
a have mismatch between doing investigation and understanding what they had 
done. Half of the Korean teachers also consider the causes, 'When the investigation 
was carried out within a limited time and space' and 'When the scientific concepts 
and the investigation were not related'the latter being least likely to be chosen by 
the English teachers, with only 28%. Details are shown in Table 55. 
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Table 55 Possible causes of mismatches in pupils' investigations 

the teacher's explanation 
rnr,rc>nTC was not sufficient 
When students were not given ownership of the 
investi 
When the process was complicated and students did not 
have h skills 
When the investigation was carried out within a limited time 
and 
When the scientific concepts and the investigation were not 
related 

28 44 

72 68 

78 50 

28 50 

In the opinions about obstacles to implementing more scientific enquiry (Question 
17) the teachers' responses are shown in Table 56 ranging from large obstacle with 
1 to no obstacle with 5. 

Table 56 Opinions about obstacles in implementing more scientific enquiry 

Inflexible time table <0.00 
2.44 1.17 1.74 0.91 

The organisation required for open investigations 0.030 
or ect 2.36 1 2.05 0.91 
Large classes 0.0006 

2.08 1.11 1.57 0.87 
Lack of laboratory facilities 0.0002 

2.72 1.26 2.09 1 
Lack of appropriate resources 0.8279 

2.66 1.24 2.69 0.9 
The pressure of examinations 0.0272 

1.99 0.9 2.24 1.06 
Lack of teachers confidence in process skills 0.0305 

3.49 1.25 3.14 0.91 
Lack of confidence in integrating practical work 0.0032 
into a conce 3.57 1.25 3.11 1 
Lack of teachers confidence in assessing scientific 0.0539 
en 3.6 1.26 3.23 0.98 
Lack of teachers own interest 0.3511 

3.54 1.32 3.38 1.08 
Lack of teachers' understanding about scientific 0. 1953 
en 3.53 1.44 3.28 1.12 
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As shown in Table 56, apart from the three items; 'Lack of appropriate resources~ 
'Lack of teachers' own interest~ 'Lack of teachers' understanding about scientific 
enquiry' and 'Lack of teachers confidence in assessing scientific enquiry~ there are 
statistically no significant differences between the two groups of teachers at the 
95% confidence level. 

Both groups of teachers generally state that teacher related factors are smaller 
obstacles than other items. However, the Korean teachers' indicate 'Lack of 
confidence in integrating practical work into a concept' and 'Lack of teachers 
confidence" in process skills'as larger obstacles than the English teachers do. 

The English teachers indicate 'The pressure of examinations' as the largest obstacle 
whilst the Korean teachers indicate 1nflexible time table' and 'large classes' as large 
obstacles. In contrast, 'The organization required for open investigations' and 'Lack 
of laboratory facilities' are big obstacles than 'The pressure of examination' for the . 
Korean teachers. 
When asked their opinion about the positive effect of scientific investigation on 
pupils' performance (Question 18) both groups of teachers agree that scientific 
investigations and scientific enquiry activities help students perform better in science 
overall as shown in Figures 29. 32% of Korean teachers are more likely to agree 
strongly compared with 21 % of the English teachers. 

Figure 29 Positive effects of scientific investigations (%) 
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Finally, asked about the pressure the teachers (Question 19) experience reach the 
attainment targets, 69% of the English teachers say :4 little' and 20% :4 lot' 
compared with 56% of the Korean teachers saying :4 lot' and 38% :4 little' as 
shown in Figure 30. 
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Figure 30 Pressure of meeting the attainment targets (%) 
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Summary of C-3 
Table 57 shows a summary of this section C-3 reflecting the most frequently 
selected items from questions 14,16, 17, 18 and 19. 

Table 57 Summary of teachers' opinions 

Confidence in teaching 
scientific 
Causes of mismatches 

Positive effect on 
investin;; .. -.nr ... 

Pressure of attainment 
ets 

Obstacles more 
scientific 

High or Very high (75%) 

-When the investigation was 
carried out within a limited time 
and space (78%) 

- When the process was 
complicated and students did 
mot have enough skills (72%) 

Agree 

A little 

-The pressure of examinations 
- La classes 

High(43%), Neither(53%) 

-When the process was 
complicated and students did 
mot have enough skills (68%) 

- When the investigation was 
carried out with in a limited t ime 
and space (50%) 

- When the scientific concepts and 
the investigation were not 
related 

Agree 

A lot 

-Large classes 
-Inflexible time table 

More than 80% of teachers in both countries agree that scientific investigations and 
scientific enquiry activities help students perform better in science overall. A higher 
proportion of the Korean teachers strongly agree with that. Both groups of teachers 
do not regard teacher-oriented items such as lack of teachers' confidence in process 
skills and lack of teachers' confidence in integrating practical work into a concept as 
obstacles to implementing more scientific enquiry in the classroom. Both groups of 
teachers indicate a large class is a bigger obstacle. The pressure of examinations is 
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the largest obstacle to implementing more scientific enquiry according to the English 
teachers whereas large classes and inflexible timetables are the largest obstacles for 
the Korean teachers. This pattern seems to be contradictory to the responses of 
section C-1, which show that for both groups of teachers assessment and the 
national curriculum requirements are less important. In addition, more or less 90% 
of teachers in both groups indicate that they feel pressure to reach the attainment 
targets. In Question 19, 56% of the Korean teachers indicate a lot of pressure 
compared with 20% of the English teachers. 

However, More of Korean teachers are concerned about pupils' understanding about 
science concepts as well as their lack of confidence in integrating practical work into 
a concept and their practical skills than English teachers as shown the results from 
questions 16 and 17. Likewise, concerning possible causes of mismatches in pupils' 
investigations, 78% of the English teachers pick up the item 'When the investigation 
was carried out within a limited time and space'whilst 68 % of the Korean teachers, 
'when the process was complicated and students did not have enough skills'. The 
English teachers are least likely to choose 'when the scientific concepts and the 
investigation were not related' 28% versus 50% for the Korean teachers. Although 
the Korean teachers give less-emphasis to practical skills both in their perceptions 
and in practice as shown in sections C-1 and C-2, the Korean responses to Question 
16 show that the Korean teachers are aware of their pupils' need to have practical 
skills in order to avoid mismatches between the ideas in investigation and what 
pupils actually do. Finally, 75% of the English teachers state they are confident in 
teaching scientific enquiry whilst only 43% of the Korean teachers are confident. 

6-3-4 Analysis part D: 
In part D, teachers were asked for their opinions about three different types of 
questions assessing scientific enquiry from English KS3 test papers, Korean HE 
examinations and TIMSS-2003. 

There are 5 questions in this part D concerning how well pupils would answer each 
question (Question 20), how teachers would prepare pupils in answering each set 
of questions (Question 21), how those types of questions would affect teachers' 
current teaching method (Question 22), how pupils' answers would be affected if 
the English KS3 question changes to multiple choice format (Question23) and 
finally teachers' opinions concerning the assessment content being confined within 
the National Curriculum content (Question 24) 

Firstly, the responses to Question 20 are to analyse teachers' opinions concerning 
how well year 9 pupils would answer each set of questions. All the data is encoded 
into from 'velJl wel/'(l), 'Welr(2), 'Satisfactorily' (3), 'Not velJl well'(4) and 'Not at 
alr(5). 
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Table 58 Teachers' opinions concerning how well year 9 pupils would answer 

As shown in Table 58, the English teachers indicate that their Year 9 pupils wou ld 
answer 'Very well' in TIMSS-2003 questions and answer 'Well' in English KS3 
question but 'Not very well' in the Korean High School entrance question. By 
contrast, the Korean teachers indicate that their year 9 pupils would answer TIMSS-
2003 and the Korean High School entrance question 'Well'but English KS3 question 
would 'Not answer at all~ 

Secondly, Question 21 concerns how teachers would prepare pupils to answer 
each set of question given plausible teaching methods as items. The responses are 
computed by adding up the ticked numbers in each set of questions. 

As shown in Table 59, both groups of teachers indicate similar opinions about how 
they would prepare pupils to answer those questions. 

Most of the teachers in both groups indicate 'More practice concerning identification 
of variables' as a way they would prepare pupils to answer the most common 
answer TIMSS-2003 question. The second many indication in the English teachers, is 
'More explanations about appropriate methods and fair tests'whereas in the Korean 
teachers 'More open investigative works for pupils' being followed the item 'More 
explanations about appropriate methods and fair tests' . 

The majority of the teachers in both groups indicate 'More practice to familiarise 
pupils with these new types of questions by work sheet or previous exam papers' 
and 'More explanations about the science concepts being tested' in order to prepare 
their pupils to answer the Korean HE examination. 

More of the English teachers indicate 'More practice concerning identification of 
variables' 68% and 'More open investigative works' 57% whilst more of the Korean 
teachers indicate 'More explicit teaching of individual elements of scientific enquiry' 
77% and 'More practice concerning identification of variables' 70% as a way to 
prepare for pupils to answer the English KS3 question. The item 'More open 
investigative works'ranks the third highest the Korean teachers with 55% 
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Table 59 Teachers' opinions concerning how they would prepare to answer the questions 

Allocated more time to do scientific investigation 32 21 43 38 

More practice to familiarise pupils with these new 36 70 37 14 
types of questions by work sheet or previous 
exam 
More learner centred teaching techniques 13 17 16 26 

More open investigative works for pupils 24 16 52 52 

More practical works 36 23 25 39 

More explanations about appropriate methods 57 18 47 37 
and fair tests 
More explanations about the science concepts 15 61 17 26 

tested 
More practice concerning identification of 60 23 62 52 
variables 

More explicit teaching of individual elements of 25 27 40 38 
scientific 

A* TIMSS-2003 question 
B* Korean High School Entrance examination question 
C* English KS3 question 

9 46 

72 18 

19 48 

18 55 

14 43 

27 41 

45 30 

14 70 

18 77 

Thirdly, Question 22 concerns teachers' opInions whether the English KS3 
question would affect their current teaching method. The responses are computed 
1-4: ~ lot' (1), 'A little' (2), 'Not very much' (3), 'Not at all' (4). Table 60 shows 
means, standard deviation (SD) t-test at the 95% confident level. 

Table 60 Opinions concerning how those questions would affect teachers' current teaching 
. method 

According to the English teachers' responses, their current teaching method would 
change :.4 little'if the Korean HE examination question and the English KS3 question 
occupied up to 30% of exam questions referring with no significant difference 
between them in 95% confident level. The English teachers also indicate TIMSS-
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2003 question as having little effect question on their current teaching method, 
most saying between ~ little or not very much~ 

On the other hand, the Korean teachers indicate that the English KS3 question 
would change their teaching method ~ lot/ if the question occupied up to 30% of 
exam questions followed by TIMSS-2003 question. The Korean teachers indicate 
that the Korean High School Entrance examination question would not make their 
teaching method change if the question occupied up to 30%. 

Fourthly Question 23 is to explore whether the English KS3 questions was turned 
into a multiple-choice format, pupils would answer correctly. The responses are 
computed 1-5, Very likely (1), Agree (2), No difference (3), Disagree (4) and Very 
unlikely (5). As shown in Table 61, the responses from the English teachers indicate 
in between 'No· difference/ or 'Disagree/ whilst the responses from the Korean 
teachers indicate more positively referring 'Very likely/ or ~gree~ 

Table 61 Opinions about multiple-choice format on the KS3 questions 

Finally Question 24 explores teachers' opinions concerning the assessment being 
confined within the national curriculum content where pupils have learnt during their 
schooling. The responses are computed 1-5, Strongly agree (1), Agree (2), No 
opinion (3), Disagree (4) and Strongly disagree (5). As shown in Table 62, there is a 
significant difference at the 95% confident level. 

The Korean teachers show more agreement that the assessment content and 
context should be within the national curriculum. 
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Summary of section 0 
Table 63 shows a summary of this section D reflecting the most frequently selected 
items from questions 20, 21, 22, 23, 24. 

Table 63 Summary of teachers' opinions about three sets of questions 

How well Year 9 pupils would 
answer each question 

How would teachers prepare 
for pupils to answer each 
question 

Those questions would affect 
teachers' current teaching 
practice 

Opinions about multiple 
Choice format 

-More practice concerning 
identification variables 

-More explanations about 
appropriate methods and fair 
tests 

HE 
-More practice to familiarize pupils 
with these new types of 
questions of questions by work 
sheet or previous exam papers 

-More explanations about the 
science concepts being tested 

KS3 
-More practice concerning 
identification of variables 

-More open investigative work 

Korean HE and English KS3 
questions would affect a little but 
TIMSS would a little or not very 
much 
Multiple choice format questions 
would be easier but not much 

KS3:Not answer at all 
TIMSS 
-More practice concerning 
identification variables 

-More open investigative work 
-More explanations about 
appropriate methods and fair 
tests 

HE 
-More practice to familiarize 
pupils with these now types 
of questions of questions by 
work sheet or previous exam 
papers 

-More explanations about the 
science concepts being 
tested 

KS3 
-More explicit teaching of 
individual elements of 
scientific enquiry 

-More practice concerning 
identification of variables 

-More ative work 
English KS3 would affect a lot 
being fol lowed by TIMSS. 
Korean HE would not. 

Multiple choice format 
questions would be much 
easier 

* Korean teachers indicate a stronger agreement that the assessment content and context should be 
within the national curriculum than English teachers. 

Both groups of teachers indicate that their year 9 would answer the TIMSS-2003 
questions very well or well. There are similar responses concerning how teachers 
would prepare for pupils to answer the questions, there are similar responses. The 
results indicate that both groups of teachers would prepare pupils by giving them 
more practice concerning identification of variables and more open investigative 
works in answering TIMSS-2003 and the English KS3 question. Both groups of 
teachers also would prepare pupils by more practice to familiarize pupils with new 
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types of questions by work sheet or previous test papers and more explanations 
about the science concepts being tested. However, the Korean teachers indicate 
more explicit teaching of individual elements of scientific enquiry as a way to 
prepare to answer the English 1<53 questions. 

On the other hand, when asked about adopting a multiple-choice format for the 
English KS3 question, the Korean teachers felt that their pupils would answer more 
correctly. The English teachers indicate that their year 9 pupils would answer not 
very well in the Korean HE examination questions whilst the Korean teachers, not 
answer at all in the English KS3 questions. Korean teachers have strong opinions 
concerning the assessment content indicating assessment content and context 
should be within the national curriculum. These results may show that Korean 
teachers are familiar with multiple choice format questions with rigid structure of the 
national curriculum. 

6-4 Discussions 
The teachers' survey reflects the different educational systems such as teachers' 
training courses, background specialities and experiences of study in particular 
subjects. In this section, commonalities, differences and correlations between 
questions are discussed based on the findings from the results of documentary 
analysis and other research papers. 

6-4-1 Background information 
Both groups of teachers show similar distributions by age and sex being dominated 
by 30-40s and females. Both groups of teachers show differences, which reflect the 
different educational systems. The majority of Korean science teachers indicate their 
speciality as integrated science whilst more English teachers indicate their speciality 
as Biology. Most of the Korean teachers indicate that they have studied History of 
science, Philosophy of science or Philosophy. Whilst considerable proportions of 
English teachers indicate they have no experience of any of these four subjects. This 
may result in poorer views of the nature of science in the question 7. However, 
there are no Significant correlation between each question from question 1 to 5 and 
the view about the nature of science in question 7. In other words, there are no 
correlations amongst age, sex, career, speciality and study experience as well as no 
significant correlation between those factors and the view of the nature of science 
shown in Table 29 in appendix 34. 

6-4-2 Teachers' views about the nature of science 
There is a difference in the views about scientific enquiry between the two groups of 
teachers. Korean teachers regard scientific enquiry as enquiry based learning which 
can be a way opposite to teachers' centred learning. As mentioned in 2-4, this 
teaching methodology can comprise not only laboratory activities but also questions 
and discussions in order to acquire scientific knowledge (Sung M W, 1994; Sung M 
W, et ai, 2000). Compared to the responses from the English teachers, more of the 
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Korean teachers rank 'watching video; 'Field trip; 'Reading and thinking about 
phenomena; highly than the English ones. This may because those activities are 
regarded as learner centred activities contrasting to 'Teachers' talking' or 'Teachers' 
demonstration ~ 

The national curriculum description seems also to influence teachers' perceptions 
about the term of 'scientific enquiry'. The ENSC mentions 'Drawing conclusions from 
evidence' or 'Making inference from observations' or 'Seeking for pattern' along with 
other elements in the section of ideas and evidence (DfES, 2002). So, the English 
teachers indicate these elements as scientific enquiry activities in a higher proportion 
than the Korean responses. The KNSC describe 'Field trip' as part of learning 
scientific enquiry compared to only 78% of the English teachers, yet Korean 
teachers do not seem to employ field trips as much as English teachers do. 

In the views about the nature of science, significant proportions of the teachers in 
both countries have naive views about the nature of science. In particular, the 
teachers from both countries show misconceptions and indeterminate views about 
theory-laden, scientific theory or the tentativeness of science. 

Although more of the English teachers are inclined toward deductivism and show a 
stronger tendency to be process oriented than the Korean teachers, more of the 
English teachers in general reveal unsophisticated and indeterminate views of the 
nature of science. On the other hand, more Korean teachers hold an inductivist 
views with a higher proportion than English teachers, indicating fairly desirable 
views in the contextualism/decontextualism and relativism/positivism sections 
reflecting their own learning. Overall, the Korean teachers show slightly better views 
about the nature of science. The responses of Korean teachers show a clearer 
tendency towards certain views and more consistency in answering sub-items. 

This result seems to be contradictory to the result of research by Swain et al (1999), 
which revealed that Korean teacher show a Positivistic attitude compared to English 
teachers in their comparative study. By contrast, in this research, more of the 
Korean teachers show Relativist views than the English teachers. This research also 
seems to be contradictory to other research findings (Lederman, et ai, 2002, et al; 
Batholomew, et ai, 2003). English teachers show relatively poor and outdated views 
about the nature of science but majority of English teachers indicate in question 14 
that they are confident in teaching scientific enqUiry. 

There is a notable feature concerning the Korean teachers about the nature of 
science in question 6. They show that they are being torn between being process 
oriented in item 9 and the stress on being content based in item 12. Although they 
acknowledge that teaching the process of science is important, they also put their 
emphasis on following up the content. They show inconsistency between items 9 
and 12 by the results having a higher proportion of neutral (0). 
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More Korean teachers show inductivist and content oriented tendency in their 
perceptions of teaching and teaching in the classroom than their views about the 
nature of science. In their view of the nature of science, slightly more Korean 
teachers indicate indeterminate and inductivist view of science but in section C 
(Questions 8,10,12 and 9), they indicate clearly inductivist and content oriented. For 
example, if a teacher has inductivisit views, he will regard theories as truths 
uncovered through rigid experimentation and his intention is to include precise 
procedures to acquire the right answer. In consequence, the assessment of 
students' performances will put the emphasis on results and the scientific processes 
will be neglected (Millar & Lubben, 1996). Thus, this may reflect teachers' pedagogy 
prior to views about the nature of science as other literature revealed (Osborne, et 
ai, 2003). 

In terms of correlation, there are no significant correlations between the teachers' 
views about the nature of science and teachers' personal status such as age, sex, 
career and so on. There is also no significant correlation between the items within 
the view about the nature of science. The Korean responses show higher 
correlations between contextualism/decontextualism and relativist/positivist sections 
being at 0.58 for the Korean response and at 0.48 for the English ones as shown in 
appendix 34. 

In addition, there is no significant correlation between the items in Question 7 
concerning about the nature of science (Question 7) and other perceptions 
concerning teaching science (Question8), doing practical work (Question 10) and 
teaching scientific enquiry (Question12) as show in appendix 34. Exceptionally, 
Korean responses show Significant numbers (Correlation co efficiency) between 
Process/Content oriented tendency and the items of the aims of teaching science 
(Question 8) 'To answer all the questions'is 0.30 and between Process/Content and 
'To demonstrate how to justify scientific claims based on evidence'is 0.31. 

6-4-3 Teachers' perceptions 
This section includes teachers' perceptions about the aims of teaching science, doing 
practical work and teaching scientific enquiry (Question 8, 10, 12). The teachers in 
both countries indicate similar aims in the teaching of science, which are 'To 
stimulate scientific curiosity'and 'To provide good understanding scientific concepts~ 

However, in the perceptions about the aims of doing practical work and teaching 
scientific enquiry, there are differences. The English teachers tend to emphasise the 
empirical nature of science by placing more emphasis on practical skills, 
manipulative skills, investigative skills, observation and so on. By contrast, the 
Korean teachers are less concerned about the empirical nature of science but more 
concerned about conceptual enquiry such as problem solving and logical thinking. 
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Apparently, the Korean teachers do less practical work than the English teachers as 
indicated by question 9. In addition, the perceptions about the aims of teaching 
scientific enquiry also seem to support this different tendency. More of the English 
teachers indicate the aims of teaching scientific enquiry as 'To Encourage reasoning 
and critical thinking' and 'To prepare students to get practical skills for their 
investigation~ On the other hand, more of the Korean teachers indicate the aims of 
teaching scientific enquiry as 'To encourage students to solve problems' and 'To 
foster an understanding of the nature of science~ 

General findings for both groups show correlations between the items within 
questions 8, 10 and 12 but little correlation with question 7 concerning the nature of 
science as shown in appendix 34. 

However, the Korean responses show higher numbers of correlation co efficiency for 
both of the items between the questions (Questions 8, 10 and 12) and within items 
in each question as shown in appendix 34 (tables 1-8). This may reflect that Korean 
teachers indicate they have a clearer perception and more consistency in answering 
the questions about the aims of teaching science and the aims of doing practical 
work and the aims of teaching scientific enquiry. Comparing the correlations 
between teachers' views about the nature of science, the higher correlations reflect 
that teachers' perceptions are more consistent when answering how they teach in 
practice. 

Examples of the Korean responses showing much higher correlations within items 
which may reflects greater consistency in their perceptions are to stimulate scientific 
curiosity and to provide good understanding scientific concepts (STCUj PUSC) with 
coefficient 0.79, To stimulate scientific curiosity and To answer all the questions 
asked by pupils (STCUj AAQ), with 0.66 and 0.65. By contrast, the English 
responses show little correlations between those items concerning teachers' 
perceptions about teaching science, doing practical work and teaching scientific 
enquiry. For example, To stimulate scientific curiosity and To provide good 
understanding scientific concepts (STCUjPUSC) with coefficient 0.18, To stimulate 
scientific curiosity and To guide and organize pupils' study (STCUjGO), To stimulate 
scientific curiosity and To answer all the questions asked by pupilsCSTCUjAAQ), with 
0.03 and 0.20. 

To sum up, the Korean responses show much higher correlations within the items of 
teachers' perceptions about the aims in teaching science, doing practical work and 
teaching scientific enquiry which reflects clearer tendency in their perceptions. The 
Korean teachers indicate more consistency in responses representing higher 
correlations within items and between items in each question (Question 7, 9, 10 and 
12) 
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6-4-4 Teachers' practice (Questions, 9, 11, 13, 15) 
Although both groups of teachers agree on the importance of scientific enquiry, the 

majority of science teachers indicate 'Teachers talking'is the most frequent teaching 
method followed by experimentation amongst English teachers and working from 
worksheet in Korean teachers. Thus, by their own admission teachers are not 
engaging in teaching methods, which they acknowledge help in scientific enquiry in 
Question 12. Nevertheless, English teachers tend to take more learner-centred 
teaching methods by having scientific investigations, whole group discussions, role
play and doing research. In addition, the English teachers tend to give more 
freedom for pupils to carry out investigations than the Korean teachers. Compared 
with the English teachers! responses, Korean teachers tend to take up teacher
dominated teaching methods and concern more of pupils! conceptual understanding. 
Interestingly, more Korean responses identify the 'Field trip' as a scientific enquiry 
activity in section B (Question 6) but the Korean responses show less use of field 
trips than the English. This may reflect a gap between what they do and what they 
believe they ought to do. However, both groups of teachers seldom use 'Role play' 
or 'Field trips~ 

In terms of teaching scientific enquiry in question 13, there is little difference in 
either between items and two groups of teachers. This may reflect that both groups 
of teachers are not concerned much about teaching scientific enquiry in practice. As 
the most frequent way to teach scientific enquiry, the English teachers indicate 
giving pupils opportunity to describe patterns and relationship in data whilst the 
Korean teachers indicate presenting pupils with graphs and asking them to draw 
conclusions. In practice, the area of data interpretation in Klopfer's specification has 
formed the largest proportion in the result of examination papers from both 
countries. So teachers are tending to focus on activities, which reflect assessment 
items. In terms of correlation of frequent teaching methods (Question 9) in science 
and in scientific enquiry (Question 13) both groups reveal low correlation under 0.4 
as shown in appendix 34. For example, 'Experiment'and 'Investigation'in question 9 
and 'Providing opportunities for practical work that requires pupils to solve problems' 
in question 13 indicate 0.337 and 0.361 respectively. 'Research information and 
collecting data to solve problems'in question 9 and 'Teaching explicitly about how to 
collect evidence in situations where variables cannot be readily collected where a 
suitable control'is not obvious in question 13 indicate 0.334. The English responses 
show lower correlations than the Korean ones. 

To sum up, there are similarities in teachers! perceptions concerning the aims of 
teaching science. Yet, English teachers tend to give more weight to the empirical 
nature of science such as skills and Korean teachers stress teaching science 
knowledge. 
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6-4-5 Teachers' opinions (Questions, 14, 16, 17, 18, 19) 
In this section includes teachers' confidence, causes of mismatches between pupils' 
doing practical work and their understanding of science, the obstacles to 
implementing more scientific enquiry, pressure from the attainment target. 

Both groups of teachers agree scientific investigations and scientific enquiry 
activities help students perform better in science overall although they are not 
engaging in teaching methods which they acknowledge help in scientific enquiry. 
Both groups of teachers indicate that causes of mismatches between pupils' doing 
practical work and their understanding of science are due to limited time and space 
and to the lack of skills possessed by their pupils. 

However, half of the Korean teachers consider the cause 'When the scientific 
concepts and the investigation were not related' which is the least likely to be 
chosen by the English teachers, with only 28%. Korean teachers tend to be 
concerned more with their confidence in integrating practical work into a scientific 
concept, process skills and assessing scientific enquiry although both groups of 
teachers do not choose teacher related obstacles in implementing more scientific 
enquiry in question 17. Thus, Korean teachers seem to be more concerned about 
pupils' understanding of scientific concepts as well as teachers' confidence in 
teaching scientific enquiry. Nevertheless, the English teachers show their confidence 
in teaching scientific enquiry and express less pressure to reach attainment targets 
whilst more Korean teachers indicate that they are less confident in teaching 
scientifjc enquiry. More of the Korean teachers feel pressure from the attainment 
targets set by schools. 

However, there seems to be a discrepancy in answering questions 17 and 19. The 
majority of the English teachers concerning obstacles to implementing more 
scientific enquiry suggest 'the pressure of examination' and 'large classes' as cause 
whilst the majority of the Korean teachers give large classes' and 'inflexible time 
table' as their reasons. This may reflect that both groups of teachers are under 
assessment driven school curricula although the level of pressure is different. This 
may stem from scientific enquiry activities or scientific investigations being mainly 
connected to performance assessment. In this case, the term 'large' may be 
interpreted differently due to different school environments between two countries. 
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6-4-6 Opinions concerning three different types of questions 
In this section, three different types of questions assessing scientific enquiry from 
TIMSS-2003, HE examinations and English KS3 test papers. 

Teachers' confidence in teaching scientific enquiry seems to affect their answering of 
these questions. Although Korean pupils' performed better in the international 
comparative study such as TIMSS-2003 than English counterparts, the Korean 
responses reveal a little lack of confidence. Both groups of teachers indicate that 
their pupils would do 'well' in the question fromTIMSS-2003. The English teachers' 
responses to the Korean HE question thought their pupils would perform 'not very 
well' whilst the Korean teachers,' 'not answer at all' for the English KS3 questions. 

Both groups of teachers answer that they would prepare pupils in a similar way. For 
example, they would do more open investigation and more practice concerning 
identification of variables for English KS3 questions. TIMSS-2003 questions are 
favoured by both groups of teachers. Thus, if the same examination questions are 
given to teachers in both countries both conform to assessment pressure and adapt 
their teaching. 

6-5 Conclusions 
The majority of Korean teachers indicate that they have studied at least one of four 
subjects: History of science, Philosophy, Philosophy of science or Sociology of 
science. Generally teachers in both countries have na"lve views about the nature of 
science. However, the Korean teachers show slightly better views in Contexualism / 
Decontextualism, Relativism / Positivism and Process / Content oriented although 
more of the Korean teachers indicate Inductivist tendency. The views about the 
nature of science are not strongly related to teachers' perceptions of aims about 
teaching science, doing practical work and teaching scientific enquiry. The 
correlations between items about the views about the nature of science and the 
perceptions concerning the aims of teaching science are lower than the correlations 
of items between all the other perceptions. Thus, teachers' views on aspects of the 
nature of science tend to be isolated from their perceptions on teaching. The 
responses of Korean teachers show a clearer tendency towards certain views and 
more consistency in answering the sub-items. 

Teachers in both countries show similarities in the aims of teaching science. They 
focus on motivating pupils and helping pupils to understand science concepts. 
However, the English teachers put more emphasis on the empirical nature of science 
than the Korean teachers. Thus, English teachers tend to do more practical work 
and emphasise on improving pupils' skills. 

In terms of teachers' opinions, more English teachers are confident in teaching 
scientific enquiry and have less pressure to reach attainment targets set by schools. 
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Teachers in both countries agree that scientific enquiry activities and scientific 
investigation help pupils to improve in science overall. 

Finally, in terms of teachers' opinions, teachers indicate commonalities in the way 
that they would prepare pupils to answer three different questions such as TIMSS-
2003, Korean HE questions and English KS3 questions. Thus, they would teach in a 
similar manner if they get the same questions. The questions from TIMSS-2003 are 
favoured by both groups. 

6-6 Reflections on the survey research 
The questionnaire has been useful to collect data concerning teachers' views, 
perceptions and opinions. 

Although there has been a great emphasis on teaching the nature of science and 
scientific enquiry, those have not been implemented properly into the national 
curriculum as far as it has been stressed on. This research also shows the 
discrepancies between their views about the nature of science, scientific enquiry and 
teachers' perceptions about the aims of teaching science, doing practical work and 
teaching scientific enquiry. 

However, this research may not show the reasons why discrepancies occurred such 
as English teachers indicating they do not feel pressure concerning the target 
attainment set by individual schools. At the same time, more English teachers 
answer the pressure of examinations to the question when asked the obstacles to 
employing scientific enquiry than the Korean counterpart. It has not been easy to 
analyse quantitatively because of its complexity in the nature of some questions. 

In addition, due to the difficulties in teaching and assessing scientific enquiry as well 
as the elements of nature of science or scientific enquiry are relatively new to 
teachers in both countries, the questionnaires have been revised a bit longer with 
multiple-choice format. Nevertheless, some teachers still expressed it was difficult to 
answer questions. In particular, the section of part D asking teachers' opinions 
about three different sets of scientific enquiry· questions Thus, the focus group 
interview has been employed in the following chapter. 
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Chapter 7 Focus Group Discussions 
for Science Teachers 

This chapter is a further investigation of the sub-question; How teachers 
perceive teaching scientific enquiry and their perceptions about the nature of 
science and of scientific enquiry mentioned in 3-1 by employing a different 
survey method. Continuing from the previous chapter, the purpose of this 
chapter is to explore teachers~ opinions about the teaching and assessment of 
science and scientific enquiry. In particular, this focus group discussion is to 
collect information in depth supporting the data from part D in the questionnaire 
(appendix 33). Thus, the questions have been developed as follows, based on 
part D of the questionnaire. This research is to collect robust data, which can 
support and be able to give explanations to the findings from the questionnaire. 

Questions: 

1. What do you think these questions are testing? 
2. How well would your year 9 pupils answer each set of questions? 
3. What do you see as the differences between the sets of questions? 
4. If pupils had difficulty in answering a particular set of questions, which set 

would they find most difficult? What would be the reason? 
5. How are you teaching scientific enquiry at present? 
6. How would you prepare to answer each set of questions? 
7. Compared with your current teaching practice, if these three types of 

questions comprised more than 30% of the whole test paper, which of 
these 3 sets of questions would cause you to change your teaching 
practice? How would your teaching practice change? 

8. In order to enhance the scientific enquiry ability of your pupils, which set 
of questions would you prefer to have more of in the test? 

7-1 Procedure 
During July 2005 and October 2005, there were 7 focus group interviews for this 
research as shown below. Four focus group interviews were with English 
teachers and three focus group interviews with Korean teachers as shown in 
Table 64. Each focus group interview was made up of 3-7 participants discussing 
the above 8 questions. The following three sets of questions as shown in Table 
61 were given before the focus groups interviews proceeded. 
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Table 64 Samples for the focus group interviews 

The Focus group discussions in Korea were arranged in advance by Emailing . On 
two occasions, they were carried out at schools and once during an in service 
training course. On the other hand, the focus group discussions in England took 
place during in service training courses except for one occasion at a school. Time 
taken was 30-90 minutes. 

Three different sets of questions were given to the participants as shown in 
Table 65. These questions are considered as typical scientific enquiry questions 
from English, Korean and TIMSS test papers. Some of these questions were also 
used in the questionnaire part D (5-7-1-14, 2004, Common-30, 2004 and SO 
22154, as shown in appendix 33) plus two more questions each from English and 
Korean test papers. Then, the discussions were based on the above 8 questions. 

English KS3 tests 5-7-1-14, 2004 (appendix 14), 
3-6-2-13, 2003 (appendix 35) 

Korean HE Common-30, 2004 (appendix 12), 
examinations Junnman-50, 2004 (appendix 26) 

TIMSS-2003 5022154 (appendix 33 part D), 

All the discussions were recorded and transcribed . Then the t ranscripts were 
analysed using the qualitative data software package NUD*ISTNvivo to assist in 
coding and to allow exploration of emerging themes based on the above 8 
questions. The following are the answers to each question. 
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7-2 Findings 
Although each question was given to the participants in turn, some of the 
answers were repeated. For example, there was much in common in the 
responses for the questions' What do you think these questions are testing?' and 
'What do you see as the differences between the sets of questions?' as well as 
for the questions' How are you teaching scientific enquiry at present?' and 'How 
would you prepare to answer each set of questions?~ Nevertheless, the 
responses seem to support and complement each other . 

. 7-2-1 What do you think these questions are testing? 

Questions from English KS3 tests 
Most English teachers regard the questions from English KS3 tests as a 
process of science or scientific investigation questions. Some suggested they 
were application based. For example, as the English teachers said in appendix 36, 
Eng-l. 

The English teachers considered that with their pupil's lack of familiarity, there 
was work to be done in helping pupils interpret the question. Apparently, most of 
the English teachers responded that these English KS3 questions are relatively 
new to them but that they are good for moving toward more application based 
questions in order to encourage more scientific enquiry (appendix 36, Eng-2). An 
English teacher says; 

We have never had this at KS3, so, a lot of kids are struggling because many 
teachers won't really be sure what sort of questions are going to be asked As 
we see more and more of this type of question, we will be better prepared for 
the kids. As we are teaching and changing the methods, then kids will get better 
and better. (070405, 8) 

However, there seem to be variations, some teachers answered that they are 
happier to teach content based questions like the graph questions because they 
have not been teaching the application based questions (appendix 36, Eng-3). 
For example, an English teacher notes as follows; 

I would be quite happy to teach TIMSS and to teach graphs (Korean ones). I. 
would have thought pupils in higher level could work out and be OK with graph 
(Korean ones) I go with you ... That application one, I have not been teaching 
these questions my self. (070405, C) 

Participants bring out another point that pupils' ability to read and understand 
the text is critical in the English KS3 tests. In particular, low ability pupils would 
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be worried about given information when it seems irrelevant or has an unfamiliar 
content (appendix 36, Eng-4). 

Most of the Korean teachers describe the questions from English KS3 tests as 
a process of science, scientific enquiry or scientific investigation questions, which 
is similar to the responses of the English teachers. For example, see what a 
Korean teacher said in appendix 36, Kor-l. 

They conclude that these questions are unfamiliar to them but not totally alien 
because these types of questions have been used in the special programme for 
able pupils and are being used in 'reasoning' classes or open investigative 
projects in classes in primary schools at a slightly lower level than the English 
KS3 questions. They also recognise that these types of questions are going to be 
dealt with at high school year 10 in the programme of study of integrated 
science (appendix 36, Kor-2). For example, a couple of Korean teachers respond 
as follow. 

The questions from English KS3 tests look like 'reasoning' or 'open-investigative 
projects done at primary school although it is here at a higher level. If we train 
primary pupils do this type of questions, they would soon be able to solve them. 
I don't understand why we have this content- based curriculum at middle school 
level.. Definitely I think, our curriculum is inconsistent in this sense. (130805, K 
and A) 

Nevertheless, the Korean teachers recognise that these questions demand more 
practical work and more time to think and more integrated ability of literacy, 
common sense, critical thinking and creativity because these questions are 
asking for planning in investigations rather than simply giving an interpretation of 
final results, as they are open-ended questions (appendix 36, Kor-2). 

The Korean teachers indicate that their pupils do not carry out much scientific 
investigation by themselves so that they are not familiar with planning, carrying 
out, and drawing conclusions from scientific investigations by themselves. 
Although their pupils would do investigations they would have difficulty coping 
with the process of problem solving and the process of enquiry because they are 
so used to getting questions asked within the context of science textbooks. Most 
Korean teachers agree that even though their pupils understand the terms of 
control variables, they would not be competent in planning investigations or 
solving these English questions because Korean pupils are used to multiple
choice format and right or wrong answers (appendix 36, Kor-3). 
For example, the Korean teachers say; 

Although pupils understand the terms such as variables, they would experience 
difficulty in the process of problem solving and the process of enquiry because 
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pupils do not do much investigative work. Pupils would have difficulty in planning, 
carrying out and drawing conclusions by themselves. (130805, K) 

Korean teachers themselves show their apprehension about the openness of the 
questions mentioning that it would be difficult to assess open-ended questions 
because answers can be varied (appendix 36, Kor-4). As a teacher mentions as 
below; 

1 think, if a new type of question is given, such as the English questions, then 
teachers would take some time to work them out before they integrate them in 
teaching and assessing... 1 think teachers would feel it difficult to assess open
ended questions ... (130805, M). 

Questions from Korean HE questions 
As the English participants look at the Korean HE questions, they think those 
questions are much shorter, less reading and more straightforward by being able 
to know what you expect the answer to be than the questions from English KS3 
tests (appendix 36, Eng-S). 

However, some English teachers recognise that those questions are not actually 
straightforward. Apart from unfamiliarity, a question contains lots of information 
within 5 different answers. The question is assuming that pupils already know 
the content. Most English teachers do not think their year 9 pupils could work 
them out because the cognitive level is too high. The English teachers agree that 
the Korean questions look like year 11 modular examination and KS4 syllabus 
(appendix 36, Eng-6). For example, an English teacher notes; 

When you look at this graph, there is too much information. Only the very very 
bright pupil will be able to pick up anything from that. They don't know where to 
look. You could train them ... lots of details. There is a lot to explain to them step 
by step. (121005, A) 

1 think you have to assume that they have seen the family tree type diagrams 
before (Junnam-49-2004). If it is in their cognition level can they work it out? 
Can they interpret the diagram? (311005, C) 

The English teachers do not think the Korean HE questions are scientific enquiry 
questions although they agree that the questions are about interpreting data or 
graphical analysis. Some of the English teachers regard HE questions as 
mathematics questions, or pure knowledge based questions (appendix 36, Eg-7). 
The following is an English teacher's quote; 

The thing with this, as with the other one, if you train people to extract 
information from graphs, it is not really about science, Its literally a maths thing 
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isn't it? Its not really about science its just whether they can extract information 
from a table. Its an interpretation of scientific knowledge- that ones maths. 
Thats pure knowledge. (121005, C) 

Many of the English teachers pick out difficulties in language. For example, some 
teachers point out the sentence in a question (Common-30-2004, appendix 12), 
which asks pupils to choose the incorrect answer. The teachers mention that 
their pupils would find this kind of language difficult and confusing (appendix 36, 
Eng-8). 

One science teacher makes a point about the multiple-choice format in the 
Korean HE questions. He believes that this format would have a limitation in 
assessing pupils' scientific enquiry ability. An English teacher pOints out 
(appendix 36, Eng-9); 

... If you are using multiple choice in a right way, maybe you want to try to show 
if you looking for proving what you want to prove in the content is design to do 
is right ... Open questions with multiple-choice .. I think, it would never gonna 
work out because 20 kids would have 20 different answers... Multiple-choice in 
scientific investigative science ... it would never gona work. (040705, J) 

Almost all the Korean teachers indicate that the Korean HE questions 
demand a higher cognitive ability including scientific enquiry ability, problem 
solving ability and mathematical ability. Without these required abilities, pupils 
would not get the right answer. In order to do this, pupils need to keep 
practising the process of solving problems (appendix 36, Kor-5). For example, 
a Korean teacher's comment; 

Pupils cannot get right answers unless they have known all of the content in a 
question including answers 1-5. Kids have to have enquiry ability, problems 
solving ability and mathematical ability. Then they keep practising the problem 
solving process in order to familiarise themselves with how to answer those 
questions. (160705, 8). 

The Korean teachers indicate that the HE questions have not been changed ever 
since their schooling. Pupils and teachers alike are used to these types of 
questions (appendix 36, Kor-6) 

Questions from TIMSS-2003 
Both groups of teachers agree in their opinions about the TIMSS-2003. The 
questions from TIMSS-2003 are favoured by both groups of teachers because 
they are short, pictorial and easy to apply to their teaching. Both groups of 
teachers also recognise that the TIMSS-2003 questions are familiar to them 
mentioning them as primary school science. Both groups of teachers indicate 
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that the questions from TIMSS-2003 are somewhere in between the questions 
from English KS3 tests and the Korean HE examinations (appendix 36, Eng-10 
and Kor-7). Examples are as follows; 

A is primary school science. When a pupil is in primary school, they would do this 
kind of simple/, puzzle like questions. (From the English responses: 121005, A) 

TIMSS-2003 question is familiar to pupils because of the multiple-choice for them/, 
and these are being taught in primary science. Thus/, it would not be difficult to 
solve them. (From the Korean responses: 190705, C) 

Interestingly, some teachers from both groups suggest that for this reason it 
would be a good idea to start with the questions from TIMSS-2003. As Korean 
pupils do not use the process of scientific enquiry enough, they would find 
difficulty in working out the English KS3 questions (appendix 36, Eng-ll, 
appendix 36 Kor-8). Examples are as follows. 

I thinly if Korean pupils learn KS3 scientific enquiry questions straightway, then 
they can use the TIMSS questions as a bridge because it would be hard to jump 
from content based to application based (From the English responses: 
211005,P) 

I thinly it would be good idea to start with TIMSS-2003 questions if we have to 
teach this type of question (English ones) they are easy to apply in the classroom. 
If the questions are too difficu/~ it would take too much time to work out for 
teachers themselves .... ( From the Korean responses: 130805, K) 

The English teachers think that they are a combination of content and 
investigative skills. All the English teachers agree that the questions from TIMSS-
2003 are simple science or scientific enquiry questions. Some of the teachers 
recognise that they are about fair test, variables, and investigation questions 
(appendix 36, Eng-12). 

The Korean teachers favour the questions from TIMSS-2003 because they are 
easy and simple but include a core of scientific enquiry elements. They also think 
such questions could well be adopted into the ih national curriculum which is 
putting great emphasis on scientific enquiry (appendix 36, Kor-9). 
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7-2-2 How well would your year 9 pupils answer each set of questions? 

Questions concerning English KS3 tests 
The English teachers think their top groups would get the questions from 
English KS3 tests right but that the majority would be struggling. The reason for 
this is that these types of questions are new to them so that many teachers will 
not really be sure what kind of questions are going to be asked (appendix 36, 
Eng-13). Some of the teachers also point out that the questions require a high 
level of English. Thus, pupils with lower ability literacy would find it difficult to 
understand the questions (appendix 36, Eng-13). 

Nevertheless, most of the English teachers respond to the questions from KS3 
test papers positively. They think the questions are more valid in scientific terms. 
Then, they would change their teaching methods in order for pupils to be able to 
solve the questions (appendix 36, Eng-13). 

The new KS3 is heading for application based ones. Actually these application
based questions are more valid in scientific terms. (04070~J) As we see more 
and more of these types of questions/ we would be better prepared for pupils. As 
we are teaching and changing the methods/ then pupils will be better. (04070~ 
J) 

We used to teach like this (Korean HE questions). But we have now changed our 
mode of work toward this (English KS3 questions). Now, we teach more of this 
type (21100~ A) Yes/ we used to teach science knowledge but now we do more 
process and enquiry. (21100~ H) 

Most of the Korean teachers think the· majority of their year 9 pupils would 
not be able to answer the questions from English KS3 tests because they are 
unfamiliar with them. Some of the Korean teachers suggest that only bright 
pupils would even try to solve the questions but the majority would not know 
how to start to solve them (appendix 36, Kor-l0). . 

Most Korean teachers agree that their pupils are accustomed to a multiple-choice 
format and pick out the right answer within familiar curriculum content. However, 
their pupils are not used to working out questions as presented in English KS3 
tests, which have no right or wrong answers within an unfamiliar context. In 
addition, the Korean teachers express the fact that pupils do not have many 
opportunities to plan and carry out their own investigations as mentioned above 
(appendix 36, Kor-ll). The Korean teachers also express that their pupils are not 
used to reasoning and thinking by being asked 'how' and 'why' as well as having 
to 'explain' and to 'suggest' with a long reading (appendix 36, Kor-ll). 
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Pupils are used to doing multiple-choice format choosing one out of 4 or 5 
examples. Although they understand science knowledge with the multiple-choice 
format, they may not do well in the question which demands explanations with 
the same science knowledge... My pupils would not even try these type of 
questions suggest' or 'explain' or 'why~ (130805, M) 

However, most of the Korean teachers believe that they could train pupils to be 
able to answer the type of KS3 questions easily. They argue that the English KS3 
questions are relatively easier and less work would be needed to teach them. 
This is because English KS3 questions require science process skills in which their 
pupils can be trained more easily whilst the Korean HE questions require a higher 
level of conceptual understanding of science knowledge. A teacher has pOinted 
out that if the 7th national curriculum (KNSC) was implemented properly, it would 
be possible for pupils to answer all three questions. With conventional ways of 
teaching, pupils would be able to answer the HE questions and with the new 
curriculum recommendations, pupils should be able to answer the English KS3 
questions (appendix 36, Kor-12). Following are what some the Korean teachers 
think. 

I thin~ pupils can work out those questions by training them up easily. Although 
kids have not enough experience in open investigative works, they could work 
out easily... if pupils can solve the Korean questions, they wont have difficulty in 
solving the English KS3 questions. (160705, A; 190705, C; 130805, K) 

I think it will take 1 month to train them up to get the right answers. (130805, K) 

The majority of Korean teachers are concerned about assessing the open-ended 
questions, pointing out their unfamiliarity as well as the difficulties of assessing 
questions which can have various answers as mentioned at 7-2-1 (appendix 36, 
Kor-13). 

Assessment would be a crucial matter .. if we teach the KS3 type of questions 
As the answers would be varied and in a descriptive form, assessment becomes 
a real matter to teachers. (130805, M) 

Questions concerning Korean HE questions 
There are varied opinions. Some English teachers think their top group would 
be able to get the questions from Korean HE examinations right. On the other 
hand some of the English teachers think even their top groups would not get the 
right answers for Korean HE questions because the content is not introduced 
until the KS4 syllabus so that would block their access to these questions 
(appendix 36, Eng-14). 
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By contrast, some of the English teachers think pupils would do better at the 
Korean HE questions than in their own English KS3 questions because pupils and 
teachers alike would be comfortable to have content-based questions rather than 
application based (appendix 36, Eng-iS). 

On the other hand, most of the Korean teachers agree that around 30-40% 
of their pupils would manage the questions from Korean HE tests (appendix 36, 
Kor-14). 

Questions from TIMSS-2003 
All English teachers agree that their year 9 pupils would answer the questions 
from TIMSS-2003 well. However, some teachers think, their pupils would do 
better at English KS3 tests than TIMSS-2003. However, the majority of English 
teachers responded that their pupils would answer better in TIMSS-2003, than in 
English KS3 questions and Korean HE questions respectively (appendix 36, Eng-
16). 

An English teacher suggests that around 60-70% of pupils would get right 
answers to the TIMSS-2003 questions (appendix 36 Eng-16). 

All of the Korean teachers are sure that their pupils would do better in 
TIMSS-2003, than in Korean HE questions but they do not know how well pupils 
would do in KS3 or they think their pupils would not do very well in questions 
from English KS3 tests (appendix 36, Kor-14). One teacher estimates that around 
60% of pupils would get right answers to TIMSS-2003, while 30-40% of pupils 
would do well in the Korean HE questions. By contrast, pupils would not get right 
answers for the English KS3 questions (appendix 36, Kor-14). A couple of Korean 
teachers suggest the following; 

Questions from TIMSS-2003 and Korean HE are assessed within what kids have 
already been taught Thus, 60% of the pupils would get the right answer 60% in 
TIMSS-2003 and 30-40% in questions from Korean HE. By contrast, questions 
from English KS3 seem easy but they are not from within the curriculum content. 
Pupils would not get the right answer. (160705, A) 

Most pupils would be able to do in TIMSS-2003. 10-15 out of a class of 40 would 
get the right answers to the Korean HE questions. But I do not know how kids 
would manage with KS3 questions without any experience. Kids don't like 
reading and thinking ... (130B05, K) 

Thus, teachers from both countries indicate that around 60% of their pupils 
would get the right answers in TIMSS-2003 questions. 
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7-2-3 What do you see as the differences between the sets of 
questions? 
Both groups of teachers agree that the main differences are unfamiliarity, open
endedness of the questions and whether they are content based or application 
based, the cognitive level, the mathematical content and the multiple-choice 
format. 

7-2-4 If pupils had difficulty in answering a particular set of questions, 
which set would they find most difficult? What would be the reason? 

Questions from English KS3 tests 
The English teachers agree that the difficulties would be two-fold in answering 
the English KS 3 questions. One is the demand for a higher level of English 
literacy ability and because this type of investigation question is new to both 
teachers and pupils (appendix 36, Eng-17). 

Most of the Korean teachers indicate the difficulties would be the 
unfamiliarity of the questions and assessment of open-ended questions. They 
regard the English questions as dealing with the process of science. The teachers 
suggest that assessment related issues would be a great stumbling block in the 
way of doing more process of science. This raises three main points. 

Firstly, although the ih national curriculum (KNSC) guides teachers to give 
more emphasis to the process of science rather than to the teaching of content 
knowledge, the external standardised examinations such as the HE examinations 
are assessed within the area of pupils' understanding of content knowledge. As a 
result of this, teachers tend to focus on teaching the content knowledge in order 
to prepare their pupils for the examinations (appendix 36, Kor-15). For example, 
a teacher mentions as follows; 

As teachers, we cannot separate science lessons in the classroom from 
assessment. We have typical Korean style questions as we know. We are under 
pressure to train pupils up to familiarise themselves with the questions. Even. 
though the English questions seems good to enhance scientific enquiry ability 
and to be consistent with primary science, we cannot teach this way because the 
examinations demand content knowledge rather than the process or method of 
science such as control variables ... (130B05, M) 

Secondly, there are various textbooks reflecting the ih national curriculum. 
These textbooks include the content knowledge as well as related scientific 
enquiry activities. As teachers teach in accordance with these textbooks, they 
would do practical work like following a cookbook and would confirm the results 
of what they have learnt with the content knowledge. Some of the textbooks 
organise content knowledge with the process of science loosely whilst others 
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organise it tightly. According to a Korean teacher, teachers would prefer to have 
loosely structured textbooks so that they would be able to choose more 
appropriate methods for teaching the content. However, the assessment has 
driven them to choose more tightly structured textbooks because they are 
apprehensive concerning the assessment content (appendix 36, Kor-16). 
Following are examples; 

I think it is nonsense because the new curriculum recommends us to teach 
scientific enquiry with more or less similar content in which we were taught in 
our schooling. The worst thing is the assessment. The examinations are assessed 
on content knowledge not on the process or the scientific enquiry. (13080~ A) 

Although we all acknowledge that school science should give children various 
experiences, under assessment driven school curriculum, the focus becomes 
changed. (13080~ K) 

Thirdly, pupils and parents are very sensitive about the results of assessment. If 
there are open-investigative questions demanding open answers in examinations, 
those questions could result in a great dispute in terms of particular questions' 
validity. A Korean teacher describes this as follows (appendix 36, Kor-17); 

A teacher who is not good at teaching may be acceptable but the teacher who 
fails to assess kids properly such as making a mistake in marking is not 
acceptable amongst Korean parents and pupils. If I assess the work of scientific 
investigation and I give 10 marks to one child and only 9 marks to another child 
because he missed one thing out in the process, then the 9 marks child with 9 
marks complains about it and I have to explain all about the assessment process. 
Some of the pupils and parents will not accept what I did. So, I would rather 
avoid those disputes. To be truthful, we are so used to assessing the knowledge 
in science because right and wrong answers are without any dispute. (13080~ 
M). 

Most Korean teachers tend to think of doing open-investigation as an extra
workload and consider that they have too heavy a workload to do open
investigations. Although the Korean teachers admit the importance of scientific 
enquiry, they would be apprehensive about doing more investigations due to the 
time constraint for covering the national curriculum content (appendix 36, Kor-
18). A teacher expresses this as follows; 

We have to give lessons, guide pupils/ extra-curricula activities, do other paper 
work and do counselling ... so many things to do ... this kind of question demands 
doing more open-investigations... We may have to do feedback after the 
investigation ... it is all a question of time. (16070~ K) 
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Summing up, the Korean teachers agree concerning the importance of scientific 
enquiry and the need for a variety of learning experiences but the priority 
changes when they confront the needs of assessment. They believe that if they 
taught the national curriculum by different teaching methods such as enquiry 
based or with discussion, it would be harder to prepare pupils to get the right 
answers to the Korean HE questions. Some of the Korean teachers recognise 
that pupils would acquire the elements of scientific enquiry by conSistently doing 
practical work because this would include tacit knowledge. 

Questions from Korean HE examinations 
The Majority of the English teachers express the fact that the HE questions 
are not acceptable for their pupils. The English teachers recognise that pupils 
would struggle with the mathematics and phraseology along with conceptual 
understanding if they were given the Korean questions. Pupils would struggle to 
break down the given information into what is needed and relevant. In the graph 
question, a lower ability group tends to use a bar chart and a one-line graph at 
the level 4 or 5 (appendix 36, Eng-1S). Following are some examples. 

In this count~ if you look at the syllabus, for example get a graph with 
something that is pushing the limit of what is reasonable for a year 9 pupils and 
it has got sodium nitrate, potassium nitrate... The staff tend to go back to the 
syllabus and say' hang on~ 'it doesn't say anything about comparative solubility 
between this, this and this. ' Why are we asked a question like this?' Pushing 
your luck a little bit with children... That's what you've got to do. That's the 
content .... you are asked for kids to recall. (040705, J) 

1 think they really would not know how to handle the Korean questions. The 
government wants level 5 in KS3. Drawing graphs is level 6. Interpreting a graph 
is not a strong point for most pupils. It is a kind of maths. (121005, 8) 

Some of the Korean teachers describe how they find difficulty in teaching the 
higher abstract forms of scientific knowledge. As they teach terms and concepts 
such as solubility, amount of crystalliSing or saturated solution, they find 
difficulty because pupils have hardly ever seen the real solutions such as KCI, 
NaND3 or KND3 (appendix 36, Kor-19). A Korean teacher makes the following 
comment. 

1 find difficulty in teaching terms and concepts in science. For example, pupils 
find it difficult to grasp the meaning of the terms solubility, amount of 
crystallising, saturated solution and unsaturated solution because pupils have 
never seen those solutions such as KCf, NaND3 or KND3. If 1 tell them NaCl is 
Salt, pupils would be surprised 1 think the ways we teach lacks real sense. 
(160705, C). 
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7-2-5 How are you teaching scientific enquiry at present? 
The following are examples of how the English teachers teach scientific 
enquiry. Although these English KS3 questions are fairly new to them, most of 
the English teachers responded positively to the scientific investigative questions 
mentioning that they are heading toward more scientific enquiry. 

The English teachers all agree that they can train their pupils to become 
familiarised with these types of questions. In addition, they believe that pupils 
are getting used to scientific investigation questions because they have done lots 
of practical work since year 7(appendix 36, Eng-22). Following are examples 
from the English teachers. 

Pupils are getting familiar with this type of question because they have been 
continually taught this way. During lessonsF they gradually grasp the meaning of 
terms. WhileF they were doing investigationsF they were told about the "mark 
scheme. /r (21100~ P) 

I think we have to teach Sci. Especially since year 7 gets the pupils prepared to 
put their own ideas forward for prediction and to be prepared to write about 
strange situations and about thingsF which they may never have heard of. That is 
a way of encouraging pupils to do that sort of thing. We have to take a step 
away from traditional experiments and take something that may be a bit odd like 
the 'rose~ It is not something ... pupils would never have done before. (04070~ 
A) 

Most of the English teachers agree that they have begun to start to teach the 
elements of scientific enquiry with skills from year 7 using various materials such 
as plates, sheets or pictures. The material is the same but just using different 
ways of introducing the concepts such as fair test, dependent variables or 
independent variables (appendix 35, Eng-23). An English teacher explains as 
follows. 

We can use pictorial things. Dictate them. Put them up on the board. .... 
contributing ideasF sharing ideas. Build up from yr7 really, doing any type of 
investigation. Talking through things/ sorting out what we are trying to find out 
what we are changing/ gradually building up... process starting at yr 7r as a 
routine. What are we going to change? And keep the same? You keep doing this 
all the time until you come to respect the nature so that by the time you get to 
GCSE practical assessments/ they just do it automatically. (12100~ C) 

Teachers also recognise that pupils would gradually build up the ability to carry 
out scientific investigations and ability to understand the elements of scientific 
enquiry as one thing develops from the other (appendix 36, Eng-24) For example, 
a teacher suggests that he would prepare content-based scientific knowledge by 
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pushing the elements of scientific enquiry along with doing investigations for two 
years and one year of preparation for application-based questions. Then, pupils 
would be able to answer the questions at the end of year 9. Here are his 
comments: 

'" In year 7, 8? 9 nearly all of our lessons have some sort of scientific enquiry 
content every year towards what 5 a fair test How do you plan properly? How 
do you consider all the criteria in sci or just pushing it again to the whole of year 
7, 8 and 9 all the way through. Actually what we are doing is putting into year 9 
two years of content based preparation one year of application based 
preparation the subsequent year they shoulct if we are doing our job properl~ 
do better and better. (040705, J) 

Interestingly, some of English teachers also suggest doing repetitive explanations 
and reviewing past examination papers in order to familiarise the pupils with the 
new type of questions (appendix 36, Eng-2S). For example, an English teacher 
makes the following suggestion. 

I found this question on a previous paper and this yea0 I gave it to my current 
year 9 to do for the first part of the lesson then at the latter part of the lesson I 
did the experiment It worked well. Then we discussed the work? considering the 
key points and what the questions were asking for. (040705, E) 

Some of the English teachers suggest how to teach scientific enquiry in a slightly 
different way from the above statements. Yet, their statements do not seem to 
be much different from other teachers' opinions as shown below (appendix 36, 
Eng-26). 
Because its (our teaching) driven by SATs (Standard Attainment Tests) we 
tend to teach POAE (Predication Observation Analysis? Evaluation) type at the 
moment because we need to know our facts except that a few weeks prior to the 
exam we teach terminology and investigation through cases using the case 
terminology and we do POAE type of thing for GCSE 50 we teach planning? 
obtaining evidence? ,analysing and evaluating but we only really pick up on this 
type of question on POAE but not very well and we pick out this in the revision 
programme and in practice questions before 5ATs in April. (311005, B) 

To sum up, it is clear that the English teachers regard doing practical work as a 
main teaching method in the classroom. They also regard carrying out 
Investigations as a way of teaching scientific enquiry. They all agree that pupils 
could be trained in patterns, methods and processes. A teacher supports this by 
mentioning that the questions from English KS3 tests are easier for pupils to 
answer because the nature of the questions is from practical science. This 
coincides with the Korean teachers' opinions (appendix 36, Kor-12). 
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On the other hand, almost all Korean teachers say that they do not do enough 
experimentation or investigation. They mainly do experimentation in order to 
confirm what they have taught from the textbook. Then, they demonstrate how 
to solve problems and make pupils practice in order to familiarise themselves 
with the content. Pupils would also practise similar types of questions through 
using past examination papers. The Korean teachers say that they also do open 
investigations only once a term (there are two terms in Korea). Some of the 
Korean teachers mention that they only do investigations or experimentations for 
performance assessment (appendix 35, Kor-24). For example, a Korean teacher 
mentions as follows: 

1 thinly these ones need lots of practical work or investigations. But we don t do 
much practical work. .. Mostly, pupils do experimentations to confirm what they 
have learnt rather than planning or carrying out investigations to find something 
new. We normally do open investigation once a year for a performance 
assessment. (160704,. K) 

Most of the Korean teachers explain that they become anxious to keep the same 
conditions and to use the same apparatus as in the textbooks while they are 
carrying out experimentations, in order to demonstrate the same results as in the 
textbooks. Teachers and pupils expect to confirm the content knowledge with 
the same results given in the textbook, which leads to teachers putting off doing 
more practical work (appendix 35, Kor-25). Due to this textbook centred school 
curriculum there may not be enough time to try other activities in the classroom. 
This is described by a Korean teacher as follows: 

1 explain to pupils the aims,. processes and results of an experiment because we 
dont have enough time .... So,. pupils expect what would happen as a result. If 
the result is not the same as in the textbooly pupils would be confused ... Thus,. I 
am cautious about the conditions for doing experimentation in order that the 
result from the experiment conforms to the result in the textbook. Although 1 tell 
pupils not to worry about different results from those in the textbook,. they are 
sticking to the results in the textbooks. (160705,. K) 

Apparently, there are negative opinions concerning doing more practical work 
apart from the above causes such as a textbook centred school curriculum or 
assessment related constraints. These include large class sizes and lack of 
laboratory facilities (appendix 36, Kor-26). Some of the Korean teachers also 
mention that they believe direct teaching is more effective for imparting 
knowledge than teaching with practical work. The teachers said they rather avoid 
doing practical work because it seems to require much time and is ineffective in 
enhancing pupils' understanding of content knowledge. A teacher points out that 
pupils are not interested in the aims of practical work but in the process itself. 
So, while they are doing practical work, they keep asking what the next step is. 
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A teacher mentions that only 25-30% of pupils in the class seem to understand 
what they are doing. Another teacher supports this and mentions that she finds 
no point in doing practical work when she has to explain over again after doing 
such work. In addition, a teacher expresses his idea concerning scientific enquiry 
as \ enquiry based teaching' by saying that he does not believe scientific enquiry 
should always involve doing practical work. It can be scientific enquiry as long as 
teachers can encourage pupils to think (appendix 36, Kor-27). Following are 
examples from the Korean teachers. 

Pupils are not interested in the aims of practical work. They tend to look at the 
process and keep asking what the next step is. Only about 25-30% pupils pay 
attention to know what they are doing. (160705, M) 

I encourage pupils to think as a way to apply enquiry-based teaching in the 
classroom. I tell them about the bibliography of famous scientists" interesting 
apparatus and history of science. (130805, M) 

Scientific enquiry does not mean doing practical work. We can encourage pupils 
to think and stimulate discussions. I also do not think scientific enquiry is 
everything in science education (130805, M) 

Often I feel I have wasted my lesson. I teach one thing with practical work with 
one lesson expecting pupils would understand better. However, I find I have to 
explain again and again after practical work. Kids tend to remember more as I 
explain after doing practical work. (160705,A). 

In order to teach Korean questions" teachers need to focus on pupils~ 
understanding of science concepts and principles" a so called 1 academic basis~ If 
children don 1: understand one of the questions" then they cannot get secure their 
marks. I think" this would be an advantage to foster pupils to be able to apply 
what they have learnt to other things (190705, 8). 

Instead of doing much practical work, the Korean teachers describe ways in 
which to prepare pupils to answer the Korean HE questions. They would explain 
every single term such as solubility, saturated solution, unsaturated solutions and 
so on. Then, they would explain all the answers 1-5. Then, they would 
demonstrate the process of solving a problem including how to calculate 
mathematically to get the right answers. Then, they would repeat it over again 
(appendix 35, Kor-29) 

I would explain the terms such as solubility" mixture" saturated solution and so 
on. Then" I would explain all the details. Then I demonstrate how to solve 
problems and show the process of solving problems including mathematical 
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processes if necessary. Then, pupils would become familiarized with what they 
have learnt through example questions. (16070~ A) 

f They agree that pupils do not understand hard questions but they are getting 
used to the process of understanding how to solve problems and ways of 
thinking in order to get the right answers through much repetitive practice. 
Later on, they would understand more and more about the content (appendix 36, 
Kor-29). For example, the Korean teachers mention as follows. 

I don't think pupils would understand fully some of the assessment content. As 
we understood certain content with limited comprehension when we were in 
middle schools" pupils would understand partially and practice the ways in which 
the problems can be solved. As they move on to high school, they could 
understand more about it. (16070~ C) 

I believe that 30% of able pupils can understand the Korean questions. Even if 
teachers do repetitive training for the contex0 it would be difficult to get over 
50% of pupils with right answers. In particula0 the amount of crystallized 
solution would be the most difficult one. (16070~ /(. 160705, 8) 

All of the Korean teachers recognise that the implementation of the 7th national 
curriculum (KNSC) has enhanced the opportunity for doing more practical work 
by being reduced in content. Yet, they think that the national curriculum content 
is still huge so that they feel they have not enough time to do experimentations 
or to give time for discussions (appendix 36, Kor-26). 

Ironically, some of teachers are concerned about the reduced content of the ih 
national curriculum, which has eliminated relatively difficult topiCS. They believe 
that this may result in their pupils' achievement being degraded because they do 
not see that their pupils' achievements can get better with a reduced and easier 
content (appendix 36, Kor-22). A Korean teacher says: 

I don't agree that the national curriculum content should be reduced with an 
easier content mode. In the ;th national curriculum/ some difficult content has 
gone in the examination papers and the content was reduced considerably. I see 
the national curricular content is limited within natural phenomena. Nevertheless" 
I don't think pupils' achievement has improved. As the curriculum content level is 
lowerecl, pupils" achievements become lowered accordingly. I prefer the previous 
national curriculum because kids were working harder because kids had to work 
out the higher level content. (160705, K) 

Some of the Korean teachers criticise the fact that the reduction in curricula 
content has led to a more fragmented curriculum structure with each strand 
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becoming less coherent (appendix 36, Kor-28). A couple of Korean teachers 
comment: 

I think we have a problem with the national curriculum content because the 
content is the same as we used to be taught while we were in secondary school. 
No~ the curriculum requires learning scientific enquiry rather than science 
knowledge. I really dont think it is going to work out. (13080~ A) 

Another problem in the national curriculum is that the content redudion brings 
fragmented and disintegrated textbook structure. Simple curriculum reduction 
makes school science bits and pieces. (13080~ A) 

To sum up, the Korean teachers agree that the Korean examination papers 
assess only limited areas of pupils' abilities, assessed such as mainly in the area 
of data interpretation (appendix 36, Kor-3). They also agree that examination 
papers should assess a wider range of pupils' ability. In this respect, they believe 
that English questions have the advantage of giving more variety. However, 
although they agree that the questions from English KS3 tests can enhance 
pupils' scientific enquiry ability; they do not agree that the questions from 
Korean HE should be changed or that the level of understanding should be 
lowered. They still believe that pupils need to understand content knowledge and 
should build up a sufficient base of knowledge so that they can apply this in 
various different contexts. 

7-2-6 How would you prepare for pupils to answer each set of 
questions? 

In this section, the participants were asked to respond to each counterpart's 
questions. For example, the English participants were asked how they would 
prepare pupils to answer the Korean questions. The Korean participants were 

. asked how they would prepare pupils to answer the English questions. Then both 
groups of teachers were asked about the TIMSS-2003 questions. 

Korean HE examination 
Most of the English teachers recognise that the Korean questions would 
require them to teach knowledge mostly by explanation. All of the English 
teachers agree that those questions demand lots of work in their lessons 
because the questions include a considerable amount of content knowledge. 
Most of the English teachers think they could teach the Korean questions but it 
would be much harder work. In practice, they would use practice papers or past 
examination papers in order to get the pupils familiar with the type of questions. 
Some teachers mention that they would train pupils to use a process of 
elimination for the multiple-choice format. A teacher pOints out that the Korean 
questions are too hard for KS3 pupils so that pupils may be asked to recall 
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science concepts (appendix 38, Eng-18, Eng-27). Following are examples of what 
the English teachers said; 

I think you have to teach technique ... you can incorporate that in your science 
teaching... so they pick up the skills when necessary. I do some practice 
questions from past papers. I think to build up over the previous papers. For this 
type of question I would make pupils do lots of practice. So they can see the 
format used and answer the multiple-choice. (040705r 8) 

Probab/~ I will try to teach my pupils the process of elimination. Trying to figure 
out which ones don1: make sense because I think a lot of these will throw pupils 
off really quickly .. apatt from the very very top set (040705r £) 

It has to be built up because with my year 8s, they can do OK with two lines on 
a graph but it could mean anything. There has to be training because you have 
to get analysis with graph work.... 50 we put lots of work into teaching them 
how to read graphs, especiall~ as they do incredibly well on the graph questions 
but then something else has been lost There!; got to be a balance. (121005r A) 

... you can put that on to that. You can break this down into that and gradually 
develop it through. So you can use that idea with the brighter pupils and that for 
the bottom end. (311005r D) 

When you look at this graph there is too much information. Only the very very 
bright pupil will be able to pick up anything from that. They don 1: know where to 
look. You could train them. Lots of details .... There is a lot to explain to them 
step by step. (211005r C), 

As I said., we used to teach this type. We taught knowledge and explain 
everything and make them get it right in the multiple-choice or simple answer 
format. We can teach 8 (Korean questions). It is not impossible, but it is going to 
be a hard job. (211005r A) 

Questions from TIMSS-2003 
The English teachers agree that they would easily teach TIMSS-2003 
questions. The Korean teachers also indicate that there would be difference in 
the way in which they would prepare pupils to answer the English KS3 questions. 
Responses from both groups of teachers are as follows: (appendix 36, Eng-28, 
Kor-30). 

(An English response) 
It looks like primary science. Puzzle stuff. .. It will be a similar way to teach K53 
quesljon~ (311005r P) 
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(A Korean response) 
... the questions from the English KS3 tests and TIMSS-2003 look similar types of 
questions because they demand knowing control variables ... . although TIMSS-
2003 questions are of a lower level ... (19070Sr C) 

Questions from English KS3 tests 
Most of the Korean teachers say that they would explain the terms and do 
experiments and give pupils time for planning and thinking. Then, they would 
make pupils practice with a similar pattern of examination papers. Most of the 
Korean teachers agree that these questions would be easier to make pupils 
familiar with because the amount of teaching content is relatively less than for 
Korean questions (appendix 36, Kor-31). Following are examples from the 
Korean teachers. 

I think pupils can work out those questions by training them easily. Although kids 
have not enough experience in open investigative works, they could work them 
out easily as they can solve the Korean questions. I would explain terms such as 
variables and related science concepts, then, I would give pupils time to carry 
out investigation. .. Then, get them practice papers to familiarise them with the 
pattern. (16070Sr A; 190705, C; 130805, K) 

There would be two ways to prepare pupils to get answers to these questions. 
If I have enough time, I would explain terms and principles. Then make pupils 
do open investigation doing hypothesising, planning, carrying out experiments 
and analysis of the results. When pupils get the experiment wrong, I would 
make them do it again until they are happy about the results. It would be a good 
way to foster pupils' scientific enquiry ability. If I don't have enough time, I 
would explain the terms: independent variables and dependent variables. Then I 
would demonstrate examples and make them more familiar with similar patterns 
of questions of investigations. (16070Sr C) 

Some of the Korean teachers do not think pupils would be trained easily or 
quickly but that pupils could be familiarised with these patterns through 
repetitive long- term work in investigations. They also think these questions 
demand higher- level literacy skills in order to understand what the questions 
demand and to be able to breakdown the information and construct the right 
answers (appendix 35, Kor-32). For example, a Korean teacher mentions as 
follows; 

I think, English questions demands high literacy skills, which take time to 
understand them and time to plan which would not easily be built up but could 
be built up by carrying out investigations. (13080Sr M) 
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To sum up, both groups of teachers agree that they would find it easier to 
prepare their pupils for the English questions rather than for the Korean 
questions. 

7-2-7 Compared with your current teaching practice, if these three 
types of questions comprised more than 300/0 of the whole test paper, 
which of these 3 sets of questions would cause you to change your 
teaching practice? How would your teaching practice change? 

There are two different directions in answering the above question amongst the 
English teachers. The majority of the English teachers think they are moving in 
the direction of having more scientific investigations so that they would teach 
more of the scientific enquiry elements. On the other hand, spme teachers think 
they are already teaching in the way necessary to prepare their pupils to answer 
questions for English KS3 tests, having already left the way in which they used to 
teach knowledge based or content based science. Thus, they indicate that the 
Korean HE questions would change their current teaching practice (appendix 36, 
Eng-19). 

On the other hand, all the Korean teachers indicate that it would be the 
questions from English KS3 tests which would cause them to change their 
present teaching practice (appendix 35, Kor-20). 

7-2-8 In order for pupils to enhance scientific enquiry ability, which set 
of questions would you prefer to have more of in the test? 

Most of the English teachers say that they like the questions from English 
KS3 tests because they are more relevant to application in everyday life. They 
also mention that those questions make pupils think critically and make pupils 
have adopt a more investigative approach as well as being preparation for GCSE 
course work and science jobs after school (appendix 35, Eng-20). 

Some of the English teachers indicate that they like the questions from TIMSS-
2003 because those are easy to apply to their daily teaching. They agree that 
they would be suitable for bottom set pupils because the context is familiar and 
there is a less amount of reading (appendix 36, Eng-21). No English teacher 
favoured the Korean HE questions. 

However, the majority of the Korean teachers say that the questions from 
English KS3 tests would be good to enhance empirical enquiry, but they do not 
want to discard the questions from Korean HE examinations because they think it 
is a necessary way to learn science by keeping up the practice of the process of 
understanding the content and the process of problem solving (appendix 36, 
Kor-22 and Kor-27). Although only 20-30% pupils are able to understand fully 
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and to get the right answers, they think the questions from Korean HE tests are 
still worth teaching as the way, pupils have been trained in and they expected 
their pupils would understand more and more later on as they go to high schools 
or colleges (appendix 36, Kor-29). They believe that pupils need a strong 
foundation of knowledge to enable them to move on to further dimensions such 
as application-based questions (Section 7-2-5). 

Therefore, both groups of teachers agree that the English KS3 questions would 
be good for enhancing pupils' scientific enquiry ability. Both groups of teachers 
favour TIMSS-2003 questions which teachers from both countries regard as 
science for primary schools. The English teachers show their preference for 
having more discrete investigation question in the KS3 tests whilst the Korean 
teachers show their resistance to the English questions. 

7-3 Discussion and conclusion 
The findings from the focus group interviews are not only consistent with the 
result from the questionnaire part D in the previous chapter but they also reveal 
detailed data in depth to add strength to the findings from the questionnaires. 

This section sums up the findings from the above 8 questions and accordingly 
describes similarities and differences. It also includes discussions concerning the 
issues from the comparisons. Table 66 shows a summary from the above 8 
questions. 
Table 66 Summa 

- scientif ic enquiry 
responses - not science, but maths 

questions are - content based - primary science 
testing? 

Korean - scientific enquiry - science process 
responses - problem solving ability - scientific enquiry 

- maths ability - primary science 
- high cognitive ability 

How well would Their pupils would be better: 
1. l1MSS-2003 questions 111MSS-2003 questions 
2. English KS3 questions 2.Korean HE questions 
3. Korean HE questions 3. English KS3 questions 

uestions? 
What do you - unfamiliarity - unfamiliarity - somewhere in 
see as the - openness of question - openness of question between the two : 
differences - application based - application based - questions between 
between the - content based - content based Eng : Kor 
sets of - cognitive level - cognitive level 

- mathematical content - mathematica l content 
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answering a 
particular set of 
questions, which 
set would they 
find most 
difficult? What 
would be the 

How are you 
teaching 
scientific 
enquiry at 
present? 

How would you 
prepare to 
answer each 
set of 

responses 

Kor 
responses 

- unfamiliarity 
- demanding higher level of 

English literacy 

- assessment-related problems 
* not incorporated with the aim of 

the curriculum and assessment 
* demanding questions with ciear

cut answers not open questions 
* textbook centred school 

curriculum 
- barriers not to do practical 

work 
* time table 
* too much content 
* traditional curriculum content 
* lack of facilities and large class size 
*teachers' strong belief in 

*Teachers respond positively toward more 
scientific enquiry: they are happy to teach 
KS3 questions although they're new to 
them 

*They would train pupils by practical 
work: pupils would build up the ability to 
carry out investigations, ability to 
understand the elements of scientific 
enquiry. 

*To familiarise with the type of questions 
by past exam papers or worksheets 

* Do more investigations 
* Do more practical work 
* Give time to think 
* Familiarise by using practice papers and 

past examination papers 

(From Korean teachers) 
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- pupils' maths ability 
- KS4 syllabus 
- demanding too much work 
to teach(repetitive 
explanations) 

- demanding too much work 
to teach (repetitive 
explanations) 

*Teachers explain the 
scientific terms, principles 
and process. Then, they 
demonstrate process. 

* Experiments are carried 
out mainly in order to prove 
what they have learnt 

*Teachers demonstrate how 
to solve problems including 
mathematical tasks. 

* As far as possible, pupils 
are familiarised with the 
pattern of solving the 
problem, teachers give 
repetitive explanations. 

* Work sheet or past 
examination 
* Breakdown information 

*Explain every single things 

*Familiarise by using practice 
papers and examination 
papers 

(From English teachers) 

- demanding more 
experiments and 
investigations 

* Do more 
investigations 



Compared with your 
current teaching 
practice, if these 
th ree types of 
questions 
comprised more 
than 30% of the 
whole test paper, 
which of these 3 
sets of questions 
would cause you to 
change your 
teaching practice? 
How would your 
teaching practice 

scientific 
enquiry ability 
of your pupils, 
which set of 
questions 
would you 
prefer to have 
more of in the 
test? 

*Some teachers respond Korean 
questions because they have already 
moved on toward the new direction in 
preparing for the English questions 

* They agree that the KS3 questions are 
good to enhance scientific enquiry 
ability. 

* They agree with increasing the English 
KS3 type of questions 

* They favour TIMSS-2003 questions 

*They agree that KS3 
questions are good to 
enhance scientific enquiry 
ability 

*Yet they do not agree to 
employing more of KS3 
questions. 

*They favour TIMSS-2003 
questions 

As shown in table 65, there are many similarities in the findings from the focus 
group interviews. The following are similarities. 

Firstly, both groups of teachers assess the three different sets of questions in 
similar ways. They indicate that the English questions and TIMSS-2003 questions 
deal with the 'process of science', 'scientific investigation' and that they are 
'application based'. They also consider that TIMSS-2003 contains elements of 
'primary science'. On the other hand, they regard the Korean questions as 
'scientific enquiry', 'content based' and of 'a higher cognitive level. Concerning 
the differences between the three sets of questions both groups of teachers 
answer similarly indicating 'unfamiliarity', 'openness of questions', 'knowledge 
based', 'cognitive level' and' mathematical content'. 

Secondly, both groups of teachers are familiar with TIMSS-2003 questions. In 
particular, Korean teachers mention that primary science questions tend to be 
open-ended like the 'questions from TIMSS-2003 and the English KS3 . tests 
(appendix 36, Kor-7). They agree that their pupils would do well in the TIMSS-
2003 test as well favouring the questions by saying this type of question is good 
for enhancing pupils' scientific enquiry ability. Some teachers from both countries 
suggest that Korean examination papers could apply this type of question as a 
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bridge to move toward implementing investigation questions such as those in 
English KS3 tests (appendix 36, Kor-8) 

Thirdly, both groups of teachers indicate that they would teach in similar ways 
in order for their pupils to be able to answer each set of questions, which may 
reflect that if they were given the same questions, they would teach in the same 
way. They generally agree that the English questions would change their current 
teaching practice, the Korean teachers showing strong agreement on this issue. 
Both groups of teachers recognise that much harder work is needed as they 
prepare pupils to answer the Korean questions because each question includes a 
considerable amount of science knowledge. Both groups of teachers 
acknowledge that the English questions tend to be learnt by doing practical work 
and scientific investigation whereas the Korean questions require repetitive 
explanations (appendix 36, Eng-22-29 and Kor-ll, 20-29). Then, both groups of 
teachers agree that pupils can be trained to answer each set of questions. They 
also agree that the English type of questions would be easier to familiarise their 
pupils with because these are practical science questions (appendix 36, Eng-28, 
Kor-31). Interestingly, both groups of teachers suggest using practice papers and 
past examination papers as a way of familiarising pupils with a new type of 
question (appendix 36, Eng-25 and Kor-31). Familiarisation with both types of 
questions can be achieved by practising similar questions from past examination 
papers. 

The following are differences, which may stem from the different teaching 
methods of the two countries. 

Firstly, according to both groups of teachers, the English questions tend to be 
learnt by doing practical work and scientific investigations whereas the Korean 
questions by doing repetitive explanations (appendix 36, Eng-22-29 and Kor-ll, 
20-29). Evidently, the English teachers show their satisfaction concerning their 
current teaching practice as a way of teaching scientific enquiry although the 
type of English question is relatively new to them. The English teachers agree 
that the English questions are good for enhancing pupils' scientific enquiry ability. 
A few English teachers show their confidence as mentioned in appendix 36, Eng-
25 and 27. They used to teach science knowledge and explain every detail in a 
way similar to prepare pupils to answer the Korean questions but they have 
changed; now teaching in a way to prepare pupils for the English type questions. 

However, the English teachers do not seem to be concerned about the 
mismatches between doing practical work and understanding related science 
concepts whilst some Korean teachers recognise that pupils tend to look at the 
process and only 25-30% of pupils pay attention what they are doing (appendix 
36, Kor-21). As Kind (2003b) argues, this mismatch may cause pupils' to have a 
poor understanding of science knowledge and may reflect that the teaching 
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method develops certain skills rather than that meaningful learning takes place. 
Similarly, most of the English teachers do not seem to pay as much attention to 
enhancing pupils' conceptual enquiry as the Korean teachers do. 

Secondly, the majority of the Korean teachers agree that the English questions 
would be good to enhance scientific enquiry, but they do not agree with 
employing more of the English questions in their own examination papers. In this 
respect, Korean teachers may have more constraints in 'theory and practice' 
triangulation (Grenfell, 1998); for example, there seems to be a conflict between 
what they think is the way to teach scientific enquiry and the way they teach in 
practice as well as what they think is the best way to teach science and what the 
national curriculum is recommending. 

According to the findings from the Korean teachers, there is a three-fold 
resistance to employing more of the English type questions. First, the Korean 
teachers indicate that the assessment related difficulties are a great stumbling 
block against implementing more scientific enquiry. They suggest that the 
examination papers do not fully reflect the aims of the curriculum (appendix 36, 
Kor-16). The examinations include mainly content knowledge, not the process of 
science or scientific enquiry. This is consistent with the findings from the 
documentary analysis. The Korean teachers are apprehensive to assess open
ended questions although most of the Korean teachers have understanding 
about the tentativeness of science knowledge as shown in chapter 6-3-2 by 
revealing their tendency toward relativism. As shown in appendix 36, Kor-21, the 
Korean teachers are apprehensive about getting into disputes with their pupils 
about marking if the answer to a question can be varied when the examinations 
involve high stakes. In addition, the textbook centred school curriculum is a 
barrier. The Korean teachers tend to do experimentations in order to confirm 
what they taught from the textbook because they are under pressure to 
familiarise pupils with the questions and the experimentation context. Thus, as a 
Korean teacher has mentioned, carrying out investigations and doing 
experimentations are closely related to either the performance assessment or the 
examination questions (appendix 36, Kor-24). 

Thirdly, it is clear that the Korean teachers have difficulties in doing more 
practical work in the classroom. As the Korean teachers point out, they have lack 
of facilities, large class-sizes and time constraints, which is consistent with the 
findings from the questionnaire (6-3-3). For example, most science lessons are 
carried out not in the laboratory but in the classroom with 45 minutes lesson 
time. Then, doing practical work seems to them to be impractical. The Korean 
teachers also indicate that the KNSC still contains too much curriculum content 
and remains the traditional content and context. Thus, they believe the 
curriculum content does not fit into scientific enquiry teaching (appendix 36, Kor-
16). 
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Lastly, there is a difference between the two groups of teachers in their beliefs 
concerning science knowledge and in conceptual enquiry. The English teachers 
do not see any merit in the Korean questions in terms of enhancing scientific 
enquiry in contrast the Korean teachers believe that the Korean questions are 
still worth teaching. According to the Korean teachers, they think a necessary 
way of learning science is by way of keep practising the process of 
understanding the content and the process of problem solving (appendix 36, 
Kor-29). 

Although only 20-30% pupils are able to understand the science concept fully 
and to get the right answers in the examinations, the Korean teachers are still 
confident in teaching this way and they expect their pupils will understand more 
and more later on as they go to high school or college (appendix 36, Kor-10). 
Some Korean teachers express their concern about the reduced content of the 
ih national curriculum, which has eliminated some relatively difficult topics. They 
believe that this may result in their pupils' achievements being degraded because 
they do not see that their pupils' achievements have got better with the easier 
reduced content (appendix 36, Kor-22). Some of the Korean teachers criticise 
this curricular content reduction as they think it results in a less integrated and 
more fragmented curriculum structure (appendix 36, Kor-28). Some of the 
Korean teachers suggest that pupils can solve the English type questions when 
the 7th national curriculum is fully implemented and the Korean questions can still 
be learnt by the conventional teaching method (appendix 36, Kor-12). As such, 
the Korean teachers recognise their pupils need to learn more about skills, yet 
they would place more weight on conceptual enquiry rather than empirical 
enquiry which is consistent with the findings from the questionnaire (6-3-3). 

While the Korean teachers exercise this teaching method, they explain every 
detail and demonstrate the process of problem solving concerning the science 
content over and oVer again. This process may lead Korean teachers to be more 
reflective on their teaching and learning in the classrooms and to commit 
themselves to pupils' learning process. As shown in appendix 36, Kor-10, Kor-14, 
Kor-21, the Korean teachers can indicate approximate proportions of pupils who 
could get the right answers in each set of examinations. This may be 
controversial to the learner centred teaching. The Korean questions are also 
criticised for demanding a high cognitive ability to understand the science 
concepts (Kim J H & Lee M K, 2003). Nevertheless, the Korean teaching method 
could be valued on the basis of Korean culture. 

The above tendency may be linked with the Korean teachers' emphasis on 
science knowledge derived from an academic orientated curriculum (KICE, 2001). 
Although both groups of teachers agree that an important aim of teaching 
science is to provide good understanding of science concepts, the Korean 
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teachers show their strong attachment to science knowledge. They tend to 
believe that pupils need a strong foundation of knowledge to enable them to 
move on to further dimensions such as application-based questions (Kim J H & 
Lee M K, 2003). 

In general, from the findings through the focus group interviews, both groups of 
teachers reveal shortcomings in their teaching by not integrating the nature of 
science and scientific enquiry into the curriculum content as recommended by 
the national curricula. The English teachers tend to teach science by doing 
practical work and carrying out investigations, whilst the Korean teachers teach 
with repetitive explanations and demonstrations over and over again, yet neither 
group of teachers tend to teach science content and related enquiry activities in 
an integrated manner. 

7-4 Summary 
Both groups of teachers favour TIMSS-2003 questions, which are known as 
questions, which integrate investigative skills and content knowledge. Teachers 
in both countries respond in similar ways to each set of questions in terms of 
their preference and ways of preparation for their pupils to answer them, which 
may reflect that if they were given the same questions, they would teach in the 
same way. 

Through the results of the focus group interviews, the English teachers show 
their satisfaction with the type of English questions although these are relatively 
new to them. They would be willing to change and to follow a new scheme of 
work in order to implement the new policy. On the other hand, the Korean 
teachers show their discontent with the KNSC in terms of it being traditional with 
too much fragmented content. Both groups of teachers agree that the English 
questions would enhance more scientific enquiry. However, the Korean teachers 
do not want to employ more of the English questions. 

There are various reasons: the Korean teachers indicate that the assessment 
driven school curriculum is a great stumbling block to implementing more 
scientific enquiry into the classroom. Thus, unless the elements of scientific 
enquiry are integrated into the assessment content, teachers would not teach 
scientific enquiry. In addition, the Korean -teachers show resistance to employing 
more scientific enquiry and express their strong belief in the importance of 
conceptual enqUiry and an emphasis on science knowledge 

Both groups of teachers recognise the importance of scientific enquiry. Yet they 
both show their shortcomings in teaching science knowledge and scientific 
enquiry activities in an integrated manner according to the national curriculum 
recommendations. 
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7-5 Reflections on these focus group interviews 
The results from the focus group interviews are not only consistent with the 
result from the questionnaire part D in the previous chapter but they also reveal 
detailed data in depth to add strength to the conclusions drawn. Thus, the data 
from the focus group interviews support the results from the questionnaires as 
well as providing detailed information concerning the discrepancy and resistance 
between teachers' perceptions and their practice. 
Most findings from these focus group interviews are consistent with the findings 
from the questionnaires in chapter 6 and the findings from the documentary 
analysis in chapters 4 and 5. Although a few findings show differences, these 
may not refer to controversial issues but show discrepancy and resistance 
between teachers' perceptions and their practice. Thus, the findings may need to 
be interpreted in context. There is an example showing the different responses 
with the same question. 
According to the responses from the questionnaires, the majority of the English 

teachers indicate that their pupils would do ' very well' in TIMSS-2003 questions, 
'well' in the English KS3 questions but 'not very well' in the Korean HE questions. 
Whilst the majority of the Korean teachers indicate that their pupils would do 
, well' in TIMSS-2003 questions, 'well' in the Korean HE questions but 'not 
answer at all' in the English KS3 questions. 

However, in the focus group discussions, teachers express this in slightly 
different ways: As the English teachers had more time to look at the questions 
from Korean HE examinations, they tended to realise that even their pupils in the 
able groups would not be able to answer the questions on the Korean HE test 
paters. On the other hand, the Korean teachers expressed their views that the 
English KS3 questions are easier to teach. 

This is a slightly different result from that in section 6-3-4, in which the English 
teachers respond to the Korean questions more confidently than the Korean 
teachers to the English questions. The English teachers recognise that the 
Korean questions are up to KS 4 syllabus level demanding higher cognitive and 
mathematical ability. 

In addition, although both groups of teachers agree that the English KS3 
questions are good for enhancing scientific enquiry ability, the Korean teachers 
show considerable resistance concerning the idea they should have more 
questions in the style of English KS3 tests. Yet, the findings from the 
questionnaire could not show the teachers' resistance or the discrepancy 
between their perceptions and the teaching in the classroom. 

Therefore, the focus group discussion is useful to substantiate data from the 
questionnaire results. However, during the focus group discussions, one or two 
participants tended to dominate conversations so that each occasion shows 
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slightly different points being made, for example, on the 130805 occasion, the 
dominant conversation was about assessment driven school curricula whilst the 
210805 occasion was dominated by a teacher whose concerns were teaching and 
learning with a new scheme of work. 
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Chapter 8 Discussions and Conclusions 

The research question 'What is the impact of assessment in scientific 
enquiry on the perception of teaching of science at age 14 in a 
comparison between Eng/and Korea?' has led to exploration of the following 
sub-questions as mentioned at the beginning of this study: 

- What is taught and assessed in scientific enquiry in the national curricula 
in England and Korea? 

- How do teachers perceive their teaching of scientific enquiry and what are 
their perceptions about the nature of science and of scientific enquiry? 

The first sub-question explored the national curricula and assessment areas by 
documentary analysis described in chapters 4 and 5. The second has been 
explored by survey research using the questionnaires and focus group 
discussions described in chapters 6 and 7. These chapters include similarities and 
differences between England and Korea of the national curricula and teachers' 
perceptions 

This chapter will synthesise the findings from previous chapters and emerging 
issues throughout the study will be discussed in order to draw conclusions. Thus, 
this chapter includes: 

-Summary of similarities and differences of the national curricula and· 
examination papers from the documentary analysis 

-Summary of similarities and differences in teachers' perceptions and opinions 
from the survey research 

-Discussions and implications of the issues concerning curriculum, 
examinations and teachers' perceptions from the perspective of improving 
the quality of education 

-Implications from the educational comparisons 
-Reflections on this study including limitations, confidence in the findings 
-Drawing conclusions 

8-1 Summary of the findings 
Making comparisons assists in discovering that which is common, and that which 
is unique to each education system. Prior to discussing emerging issues, a 
summary concerning the commonalities and differences from the findings of the 
documentary analysis and survey research are shown in tables 67-1, 67-2, 67-3, 
67-4 and 67-5. 
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Table-67 -1 Summary of documentary analysis (the national curricula) 

*similar content 
(traditional content) 

*similar time tables 

*Different cultural historical backgrounds 
*Different curriculum structure 
('Spiral structure' in England: 'Staircase structure' in Korea) 
*Different level of incorporation of scientific enquiry and 

other 
Eng 

Kor 

* Sc1 is prominent in the ENSC 
- scientific enquiry as a contemporary view of science 

- a separate strand of curriculum content 
- as a of science 
* Scientific enquiry 
-as the way to teach science 
-described as enquiry based teaching 
-less incorporation of scientific enquiry with knowledge 
*The KNSC is more extensive and more in depth 

Equivalent to KS4 syllabus 
More mathematical content 

*Earth science is inent in the KNSC 

~---,~--------------~--------------------------~ 
for science Eng *more practical work, 

* assessments 
involving high stakes 

*around 65-70% of 
content in 

- lessons in laboratories 
Kor * less practical work 

Eng 

Kor 

- more lessons in classrooms 
- teachers move classrooms each lesson 
* different assessment regime 
-to maintain quality of education in Eng 
-to select able pupils in Kor 
-criterion referenced yet adding to the elements of 

norm in Eng 
-norm referenced, yet adding to criterion reference in Kor 
-more examinations in Kor 
* different types of examination papers 
- 2 sets of test papers which have different feasibilities in 
Eng 
- one feasibility in Kor 
* different types of questions 
- various types of questions in Eng 
- multiple choice, in Kor 
* different proportions of subjects 

* greater proportion of everyday context, 
* more experimentation oriented questions 
* higher proportions of discrete scientific 
nv.~§tioations 

* greater proportion of Earth science(physics) 
* greater proportion of laws, principles and theories 
* greater proportion of mathematical content 
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Table 67-2 Summary of documentary analysis (examination papers) 

A significant difference in the level of reflection of the aims, content in 
the assessment 

Eng * varied proportions of each subject in the examination papers 
* increased proportions of scientific enquiry in 2004 
* reduced proportions of multiple choice format in 2004 
* increased proportions of descriptions 
* higher proportion of open-ended question 
* higher proportion of questions, asking how and why 
* higher proportion of discrete scientific investigation 
* the elements of nature of science included in 2004 
* a wider spectrum of Klopfer's specifications in 2004 
* given more information on a question 
* demanding lower conceptual understanding: 

falling into recall and comprehension in Bloom's taxonomy 

*even proportions of each subject 
* remain the same proportion of scientific enquiry in 2004 
* remain t]le same proportion of multiple choice format in 2004 
* no discrete investigations 
* concentrated on the area of data interpretation 
* included a compact type of question which can include a large amount of 

information in a single question 
* demanding higher conceptual understanding, fal ling into application and 

,.."rnnr·Qh"nsion domain. 
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Table 67-3 Summary of teachers' survey from questionnaire 

30-40s, dominated by 
female respondents 

na"ive views about the NOS 

similar perceptions 
-motivating pupils and 

understanding science 
concepts 

* Pupils' lack of skills 
* Limited time and space 

* Large class sizes 
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*specialty: 'biology', 'chemistry' in Eng 
'integrated science', 'biology' in Kor 

* experience of studying: 
more Eng. teachers have no experience of studying NOS 
related disciplines 

Eng * inconsistent, indeterminate responses in the 
items concerning NOS 

* skewed toward deductivism and orientated 

Kor *concerned more about conceptual enquiry 

Eng * main teaching methods 
- teachers' talking, experimentation, 

teachers demonstration, discussion 
* more practical work 
* give more freedom to pupils when they do 

investi 
Kor * main teaching methods 

- teachers talking, worksheet, 
teachers demonstration, experimentation 

* Iess practical work 
*give less freedom to pupils when doing 

investi s 
Eng * to describe patterns and relationships in data 

from investigation 

Kor * to draw conclusions and to state the evidence 
concerni the conclusion h 

* English teachers are more conf ident in teaching sc1 

* Korean teachers note th is occurs: when the concepts 
and the investigations are not being related 



Table 67-4 Summary of teachers' survey from questionnaire 0 
(opinions concerning each set of questions) 

* their pupils would do well in T1MSS 
questions 

*more practice concerning the identification of the Kor *more open investigations 
variables 

ons of methods and fair tests 

* more practice concerning identification of 
variables 

217 

Kor * More explicit teaching 
concerning the elements of 
sc1 

Korean teachers show a stronger 
agreement that assessment 
content and context should be 
within the national curriculum 



67-5 Summary of teachers' survey from focus group discussions 

* English KS3: process of science, 
application based, scientific 
investigation 
*Korean HE: Scientific enquiry, 

Maths abi 
* Pupils would do well in TIMSS 

(60-70%) 

*unfamiliarity/openness of question/ 
application based 

*content based/ 
nitive ematical content 

*unfamiliarity 

English KS3 
* To do more practical work! 

investigations 
* To give time to think 
* To familiarise by using practice 

papers and past examination 
papers 

Korean HE 
* to breakdown information 
* To explain every single things 
* To familiarise by using practice 

papers and examination papers 
TIMSS 2003 
* The same sh KS3 
English KS3 

Some of teachers indicate that the Korean 
HE are not science but maths 

Kor 

Eng lT1MSS-2003 
2 English KS3 
3 Korean HE 

Kor lT1MSS-2003 
2 Korean HE 

KS3 

Eng * to teach Korean HE 
-pupils' maths ability insufficient 
-requires KS4 syllabus work 
-demands too much work to teach, would need 

Kor * to teach English KS3 
- problems are assessment related 
- barriers not to do practical work . 

(too much content, traditional content, t ime table, 
lack of facil ities and large class size) 

Eng *8y doing practical work 
*8y familiarising with the new type of 

Kor *8y explaining terms, principles and 
processes. 

*By demonstrating process of problem solving 
* By familiarising with any new type of 

* Some of English teachers ind icate Korean HE 
questions 

* The Korean teachers do not agree with 
employing more of KS3 questions 



As shown in the above tables, the findings from the teachers' survey show more 
commonalities between both groups of teachers than there is between the two 
countries curricula and assessment. It is clear that both groups of teachers show 
much in common in their perceptions about the aims of teaching science, doing 
practical work and teaching scientific enquiry as well as other various opinions. 

All the findings are inter-related and often over-lap so that they can support each 
other, which can provide details in depth to add strength to the conclusion. The 
findings from the focus group interviews support the findings from documentary 
analysis as well as the findings from the questionnaire survey. 

Although the aims of the national curricula put emphasis on scientific enquiry as 
well as both groups of teachers recognizing the importance of scientific enquiry, 
this study shows teachers' shortcomings in teaching elements of the nature of 
science and scientific enquiry in an integrated manner for meaningful learning to 
take place. 

It is clear that assessment driven school curricula influence teachers' perceptions 
and teaching practice. The assessment content seems to affect how teachers 
perceive the importance of scientific enquiry and influences the way in which 
they teach science. Both groups of teachers show a difference in the teaching of 
scientific enquiry although they recognize its importance. 

Following, emerging issues are discussed, with regard to the main factors and 
the effect the above shortcomings may have. Then, the implications are sought. 

8-2 Findings about the national curricula 
Curricula in England and Korea stem from different historical and cultural 
backgrounds as well as the content within the national curricula being structured 
in different ways although both curricula are heading towards similar goals by 
putting emphasis on scientific literacy and by incorporating more scientific 
enquiry into the science classroom (DfES, 2001; MOE, 2001a). Both curricula also 
have much in common concerning the aims and content of the curricula and the 
amount of time allocated on the time table for science subjects at the KS3 level. 

However, the documentary analysis shows differences in the definition of 
scientific enquiry in the national curricula. It also reveals a difference in the 
reflection of the aims of the national curriculum on the curriculum content and 
on the assessment content. The teachers' survey shows that this curriculum 
presentation of scientific enquiry influences teachers' perceptions about scientific 
enquiry. Teachers are influenced by the interpretations of scientific enquiry 
activities within the national curricula. 
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8-2-1 Differences in presentation of scientific enquiry 
in the national curricula 

As shown in chapter 4 (section, 4-4), there are differences in presentation 
concerning scientific enquiry between the two curricula. 

Scientific enquiry is mentioned as a separate strand along with other science 
subjects as Sci in the ENSC. It is defined as 'a process of science' comprising 
'ideas and evidence' and 'investigative skills' (DfES, 2001). As the 1deas and 
evidence' is a distinctive strand in scientific enquiry, it refers to interplay between 
empirical questions requiring evidence and scientific explanations using historical 
and contemporary examples (OCR, 2003). Thus, the ENSC describes the 
tentativeness of scientific knowledge and its cultural influence in the 
development of science. The ENSC also mentions scientific enquiry as the way to 
teach science mentioning that scientific enquiry generally should be linked 
directly to practical work with science key ideas being integrated into most 
lessons and not being left to special investigative science (DfES, 2002). 
Therefore, scientific enquiry (Sci) includes the elements of the nature of science, 
methods and activities of science as well as its social implications. 

On the other hand, The KNSC mentions scientific enquiry as a 'process of 
science' referring to the way of learning and teaching science (MOE, 2001b). It 
comprises 'basic enquiry' and 'integrated enquiry' and 'enquiry activities', 
including observation, claSSification, measurement, prediction, reasoning, finding 
problems, hypothesizing, interpretation, control variables, drawing conclusions 
and so on. There is little incorporation of the elements of the nature of science 
such· as tentativeness of scientific knowledge and its cultural influence in the 
development of science apart from the implications of STS (science-technology
society). These refer to a teaching method confined within the curriculum to help 
with the understanding of science knowledge and to enhance problem-solving 
abilities to acquire skills and practices and to foster scientific literacy (Sung M W, 
et ai, 2000). 

This narrower interpretation of scientific enquiry in the KNSC is recognised on 
the findings from teachers' survey as shown in sections 6-3-2, 6-3-3 and 6-3-4 
which also show different notions concerning scientific enquiry activities. The 
Korean teachers also indicate a stronger agreement that the assessment content 
and context should be within the national curriculum content. Thus, the 
presentation of scientific enquiry in the national curriculum can influence 
teachers' notions and beliefs and the ways in which they interpret and teach the 
curricula content. 

From the perspective of contemporary view of science, the ENSC describes 
scientific enquiry more comprehensively with a better reflection of science, 
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portraying methods and activities of science in the real world (Ratcliffe, 1998; 
Ratcliffe, et ai, 2004; Oh P S, 2005). By contrast, the narrower interpretation of 
scientific enquiry seems to impoverish the nature of science in the curriculum 
content. Subsequently teachers confined their concept of scientific enquiry as 
enquiry based instruction within the national curriculum (Sung M W, 1994). 

As mentioned above, due to scientific enquiry being described as a separate 
strand in the ENSC, it gives a higher profile to scientific enquiry in the national 
curriculum and the elements of scientific enquiry become a statutory teaching 
requirement for teachers (Robers & Gott, 2004). Thus, the ENSC applies more 
fully the aims to its curriculum content and the assessment content. 

By contrast, the KNSC emphasizes scientific enquiry only as the aim of the 
curriculum but it is not integrated into the curriculum content so that the 
elements of scientific enquiry are non-statutory in teaching. Thus, the elements 
of the nature of science are not incorporated in the KNSC content nor are the 
asserted purposes and aims of the curriculum statutory so that the nature of 
science seems to be extremely marginalised in the classroom. 

In this respect, the KNSC seems to be more problematic in implementing 
scientific enquiry into the curriculum. It may be necessary to redefine or broaden 
the interpretation of scientific enquiry in the national curriculum. In order to 
introduce the aims into the curriculum content, it may be better to include the 
element of scientific enquiry in the curriculum content as statutory. 

However, having a separate strand of scientific enquiry in the ENSC has raised its 
profile, but it has caused the link between scientific enquiry and other subjects to 
weaken (Robert & Gott, 2004). This weakened link between scientific enquiry 
and substantive science content can encourage teachers to continue to focus on 
scientific enquiry as a unique element of assessment separate from and 
discontinuous with the content (Robert & Gott, 2004). On the other hand, the 
KNSC has structured the elements of the nature of science and STS as a strand 
in year 10 science curriculum rather than in an integrated manner. 

These factors may reflect different ways of structuring the national curriculum 
content as described in chapter 4 (4-3-1); the content in the ENSC is structured 
like a spiral whereas in the KNSC it is like a staircase. Yet, either way, there is a 
need to integrate the nature of science and scientific enquiry with the current 
strands in order for there to be a coherent and interwoven curriculum content. It 
may also be necessary for the KNSC to employ scientific enquiry and the nature 
of science as an inherent part of all science within the traditional science content 
rather than in a segregated and fragmented manner, as found in the current 
year 10 science curriculum. 
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8-2-2 Traditional curriculum content 
Both curricula contain a considerable amount of traditional content as mentioned 
in chapters 2 and 4. Due to this, there is much in common in the curriculum 
content in both curricula and over 60% of examination content reveals common 
topics. The traditional content consists of mainly factual science knowledge with 
an extremely marginal area of understanding about the methods and processes 
or the nature of science (Shwartz, et ai, 2004). 

The appropriateness of this traditional content has been doubted. Kim J H & Lee 
M K, (2003) mention that the traditional content can cause teachers to place the 
emphasis on science knowledge and in turn, tends to put pupils off the subject of 
science itself. Osborne and Collins (2000) support this and saying that pupils 
would enjoy the real-life applications of science more than any other aspect. For 
example, the more abstract topics such as the periodic tables are not perceived 
to be useful for later life. Fensham (2000) supports this by saying that this kind 
of scientific knowledge can easily be forgotten after leaving school. 

The continued high amount of traditional curriculum content in both countries 
does not necessarily help the teaching of scientific enquiry. Research shows that 
teachers have more difficulty in accommodating and fitting in the appropriate 
elements about the nature of science and enquiry activities into the current 
curriculum content than teaching contemporary issues or new content knowledge 
(Shwartz, et ai, 2004). The Korean teachers also support this and mention that 
they find more difficulty in teaching traditional curriculum content with scientific 
enquiry (7-2-4). 

Delphi studies from both countries (Osborne, et ai, 2003: Kim J H & Lee M K, 
2003) may show a recognition that the curricula need inclusions concerning the 
element about the nature of science (Le, tentativeness of science knowledge), 
and contemporary issues as well as the process of how the knowledge has been 
generated in order to nurture scientific literacy for future citizenship. As Solomon 
(1998) suggested, relevant curriculum content can include current issues and 
interesting applications of science, be exciting and place an emphasis on the 
creative activity of human culture. There seem to be still ongoing debates 
concerning what should be taught in school science (Osborne, et ai, 2003; Kim J 
H & Lee M K, 2003). 

In practice, it may be necessary to consider how to incorporate scientific enquiry 
into the traditional content. Teachers may have to teach the processes which the 
scientific knowledge creates and incorporate scientific enquiry activities with the 
relevant elements of the nature of science (Shwartz, et ai, 2004). In this respect, 
there is still a need to change curriculum content including relevant aspects of 
the nature of science as well as scientific enquiry activities. At the same time, 
there is a need to support teachers so that they recognize the interdependence 
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of the nature of science and the relevant views about the nature of science with 
the science knowledge as well as introducing appropriate scientific enquiry 
activities (Shwartz and Lederman, 2002). 

8-2-3 The amount of curriculum content 
Teachers from both countries have criticized the national curricula for having too 
much content knowledge as shown in chapters 6 and 7. The curriculum content 
has been reduced since the ENSC was implemented in 1989. The current KNSC 
(the i h national curriculum) has also been reduced in content although the 
science-for-all movement has caused an increase in the curriculum content 
(Fensham, 2000). Yet, both curricula are still considered to have too much 
content knowledge. According to the teachers' survey, Korean teachers complain 
that there is too much content in the national curriculum and that there is too 
little time to teach in the way they wish. Topics must be covered quickly and 
then left. There is little time for reflection and consolidation or to consider the 
interesting applications of a topic. Teachers feel unable to spend time following 
up science topics that are in the news or are of particular interest to their 
students or to allow students time to discuss scientific issues and express their 
own points of view (Chapter 7). Shortage of time also appears to have affected 
the amount of time spent on practical work. The same complaints have been 
identified from English teachers in other research (Nicolson and Holman, 2003). 

Similarly, the amount of content seems to result in teacher-centred teaching, 
lack of time to do scientific investigations and too much emphasis on content 
knowledge. As the research shows, although teachers recognise the importance 
of scientific enquiry, English teachers indicate their current teaching methods as 
explaining and experimentation whilst in Korea it is explaining, and worksheet 
activity. This has been a far cry from enhancing pupils' scientific enquiry ability. 
The amount of content also causes teachers to be reluctant to do scientific 
investigations in practice because investigations for learning seem to take more 
time and the learning outcome evolves slowly (Osborne, et ai, 2003; Oh P S, 
2005). Therefore, content reduction may be needed in order for them to be able 
to teach in the way, which the national curricula recommend. 

However, the Korean teachers criticise simple reduction of curricular content in 
chapter 7(7-2-4). The latest curriculum revision in Korea has involved a 
considerable amount of curriculum reduction and places an emphasis on 
scientific enquiry and practical work (MOE, 2002). The Korean teachers point 
out that the curriculum has become fragmented as each topic and subject has 
been separated from the underlying values and processes. This lack of 
integration of the nature of science and scientific enquiry may cause teachers to 
regard them as further requirements for the teachers' scheme of work. 
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A more holistic approach may need to be considered and the elements of the 
nature of science and scientific enquiry be implemented in an integrated way into 
the curriculum revision content reduction. It may also be necessary to regard the 
nature of science as a way of achieving coherence by regarding it as an 
underlying educational purpose as well as overarching all the science subjects 
(Shwartz & Lederman, 2002). 

To sum up, The ENSC reflects the aims of the curriculum more fully in the 
curriculum assessment content with having scientific enquiry as a separate 
strand in the national curricula. The description of the term scientific enquiry is 
closer to contemporary view of science. On the other hand, the KNSC has a 
narrower interpretation of scientific enquiry. This is recognized by the findings 
from the teachers' survey showing different notions concerning scientific enquiry 
and boundaries of scientific enquiry and as to how they interpret and teach the 
content. Thus, the descriptions of scientific enquiry in the national curriculum 
affect teachers' notions and how they interpret and teach the content. In this 
respect, the KNSC is shown to be more problematic in terms of reflecting the 
aims of the curriculum in its content and assessment. The elements of the nature 
of science are not incorporated in the KNSC content nor are the asserted 
purpose and aims of the curriculum statutory so that scientific enquiry seems to 
be extremely marginalised in the classroom. 

Both curricula have much in common having too much content and too much 
traditional content. Thus, in order to implement the elements of the nature of 
science and scientific enquiry, curriculum revision or curriculum reduction may be 
necessary. Therefore, it is necessary to implement the elements of the nature of 
science and scientific enquiry into the aims and into the curriculum content in a 
holistic and consistent manner. The following section discusses the findings 
about assessment 

8-3 Findings about the standardized examinations 
As mentioned in chapter 2, the aims of both curricula are similar in wanting to 
implement scientific enquiry in order to foster pupils' scientific literacy. The 
curricular content has much in common with considerable proportions of 
traditional content knowledge. However, the examinations show a greater 
difference concerning purpose, type of questions and questions demanding 
scientific explanation and higher conceptual understanding. 

Based on similarities and differences between two sets of assessments, this 
section deals with issues and their implications, discussed from the perspective 
of implementing scientific enquiry into the classroom in order to reflect more fully 
the aims of the curricula in assessment. 
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8-3-1 Assessment driven school curricula 
There seems to be a universal dilemma concerning examination policy. The 
dilemma relates to the potential difficulties because of a narrow selection of 
examinations to cater for a wide range of pupils' ability and a wide range of 
scientific enquiry including content knowledge, processes and skills as well as the 
backwash effects on testing and teaching (Little, 1990). Although there are 
different levels of high-stakes involved in examinations between the two 
countries, high-stake examinations are prevalent and the norm. Both groups of 
teachers seem to practise assessment driven teaching and the findings about 
assessment seem to provide a much closer link to their teaching practice rather 
than to the aims or the content of their national curricula (7-2-5). 

Examinations of both countries send messages about what is valued and 
important. If it is not in the test, it cannot be important (Wiliam, 2003). 
Although the nature of science and scientific enquiry are emphasized as the aims 
of the national curricula, scientific enquiry is not going to achieve a higher profile 
unless it has a more important place within assessment. In this respect, both 
curricula show their shortcomings in implementing the nature of science and 
scientific enquiry although they put an emphasis on such in the aims of the 
national curriculum. As shown in this research, very few questions have been 
found concerning the nature of science as opposed to the broader field of 
scientific enquiry in either set of examination papers. 

Under this assessment driven school curricula, there may be two ways of 
approaching an improvement of the assessment regime: one is to improve the 
quality of assessment content and methods. This assessed content should be 
reflected more fully and in a coherent and integrated within the manner within 
the aims of content of the national curriculum. The other possibility is to use 
examinations effectively as a lever to change the way in which teachers teach. 
As Noar & Ecktern (1990) suggested, assessment may serve as a vehicle for 
curriculum change yet, this requires increasing investment in teachers. 

In respect of the above, the assessment in Korea is more problematic. 

Firstly, the aims of the national curriculum are not fully reflected in the 
assessment content. According to the findings from this research, less 
implementation of scientific enquiry comes from two main sources. One is from 
curriculum content, which does not incorporate scientific enquiry in its aims but 
only in recommendations for teachers (chapter 4 and chapter 7). The other may 
come from the over-emphasis on scientific knowledge and the fragmented way 
of assessing scientific enquiry. Korean teachers tend to think of performance 
assessment for assessing pupils' scientific abilities and of examinations for 
assessing scientific knowledge along with conceptual enquiry (Chapter 7). 
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However, performance assessment cannot cover a wide enough spectrum of 
scientific enquiry ability. 

Secondly, the English teachers indicate that assessment driven school curricula 
is the largest obstacle against implementing more scientific enquiry (6-3-3). Yet, 
they agree to have a greater proportion of 1<53 questions in order to enhance 
pupils' scientific enquiry ability. They also show their satisfaction about the way 
in which they would teach to prepare pupils to do KS3 questions. Whilst the 
Korean teachers indicate that they feel a lot of pressure due to the attainment 
targets set by schools. They also show a greater constraint between the aims of 
the curriculum and their teaching practice. Thus, there appears more resistance 
and dissatisfaction amongst the Korean teachers. 

Thirdly, both sets of examination papers show similar proportions of scientific 
enquiry in 2003. English test papers have increased their proportion of scientific 
enquiry questions and have had a greater variety in sub-categories in 2004 
whereas Korean test papers have remained the same in proportion and variety in 
sub-categories. In addition, there were newly implied questions in 2004 KS3 test 
papers which included the elements of the nature of science although it was a 
tiny proportion in 2004 KS3 test papers. Thus, there may be a need to reflect 
more fully the emphasis of the curricular aims into the assessment content in 
order to use examinations as a lever to change teaching practice. 

Therefore, it is clear that there is a need to reflect the aims of the national 
curricula in the assessment content in order for the nature of science and 
scientific enquiry to achieve a higher profile in the classroom. 

The following section will discuss issues, which can be barriers into implementing 
more scientlflc enquiry in the assessment content. 

8-3-2 Purposes of assessment and quality of assessment 
In order to employ more scientific enquiry in the assessment content, the 
assessment regime may need to have a certain level of flexibility in order to 
reflect a wider range of scientific enquiry with various types, content and context 
of questions. This is because scientific enquiry as methods and activities of 
science comprising the elements of the nature of science, processes, skills and 
related science knowledge. 

However, changes in assessment content, types of questions and context have 
hardly occurred in Korean HE examinations as shown in chapter 5. Only that 4 
options of multiple choice format has changed into 5 options in 2004. As shown 
in chapter 4, the school based examinations retain similar features to the HE 
examinations having only small portions of short answer questions and a 
majority of multiple choice formats. 
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This tendency can stem from the purpose of assessment in Korea (Kim J H & Lee 
M K, 2003). Originally the purpose of the standardized assessment was to select 
and to classify able pupils who can be predicted to carry on with high school 
education. Although almost all pupils go to high school nowadays the Korean 
assessment regime is still dominated by selecting and classifying pupils with 
traditional norm referencing (section, 4-3-4). This tendency not only demands 
higher comparability, validity and reliability but also gives rigidity to the system 
(Kim J C, 2004). In this respect, 100% multiple-choice format seems to fit into 
this purpose as it enables the assessment of a large amount of scientific 
knowledge with a compact form of questions. It is known that the objective 
questions have the advantage of high reliability because they cover a wider 
range of content and marking is easy (Taber, 2003). In terms of validity for this, 
there are well-developed statistical techniques to pretest items, which easily 
check validity (Taber, 2003). 

Consequently, Korean teachers are over concerned with reliability and validity in 
the assessment content whether they produce school based tests or they 
prepare pupils for these tests as shown in section 7-2-4. As mentioned by some 
Korean teachers, they prefer objective and clear-cut questions rather than open
ended questions asking 'why' and 'how'. Because they cover a wider range of 
content they ensure that pupils can secure their marks, having familiar content 
and context within the national curriculum. Indeed, the Korean teachers were 
apprehensive concerning open-ended questions, which have no clear-cut right or 
wrong answers as well as concerning assessment content and context beyond 
the national curricular boundary (6-4-5 and 7-2-4). 

On the other hand, the purpose of English KS3 tests was originally to maintain 
the standard of achievement at the KS3 level based on criterion referencing. 
Recently, target attainments and standard achievements have been imposed on 
each year so that the purposes of English KS3 tests has to embrace making 
predictions about an individual's future performance, evaluating public 
accountability and producing certifications. 

English teachers indicate that they have 'a little pressure' about target 
attainment set by schools but 'the pressure of examination' is the largest 
obstacle in implementing more scientific enquiry (section 6-3-3). The English 
teachers may see the pressure comes from national assessment schemes 
including its nature and use of national assessment in league rather than from 
the school. As Taber (2003) argues, the assessment for mUlti-purposes can 
cause constraints. Each assessment should serve its own purpose in order to 
minimize the constraints. However, compared with the Korean assessment 
regime, the English counterpart seems to remain under less constraint and is 
able to modify the content and context of assessment. 
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In respect to the quality of assessment, as the English teachers point out (7-2-4), 
the English KS3 test papers require good readers to understand what the 
questions are asking. for. While high scores would certainly imply good 
knowledge, low scores might indicate either lack of science knowledge or an 
inability to understand the questions. Therefore, for weak readers, the test may 
not be said to be valid. In addition, girls tend to earn more marks in biology 
whereas boys tend to earn more mark in physics (Wiliam, 2003). If a test 
includes more biology items, then girls tend to earn higher marks than boys. 
Indeed, English KS3 test papers include varied proportions of science subjects in 
each tier of papers (section 5-3-1). The proportions of scientific enquiry are also 
varied in each test paper. On the other hand, the Korean test papers consist of 
similar proportions of each science subject. The proportions of scientific 
knowledge area and scientific enqUiry area have shown a regular ratio, which is 
represents 70 to 30. In terms of reliability, Wiliam & Black (1999, quoted in Black, 
2003, p75) analysed published data for KS3 tests and concluded that the 
chances of a student's level result being wrong by one level were at least 20-
30%. Compared with to the English KS3 tests, the Korean test papers show a 
higher validity and reliability of assessment in technical terms. 

As Wiliam (2003) argues, the traditional view of validity of an assessment is 
inadequate because validity cannot be the property of a test rather it is a process 
to interpret assessment results. The same test can be valid for some purposes 
and not for others and may work well with some populations but not with others. 

Thus, assessment should be valid and reliable but there may be something more 
to consider in the current assessment regime. In particular, as the questions 
broaden the role of scientific investigations and introduce aspects of the nature 
of science and the ways in which scientists work, then more open-ended 
questions having no wrong or right answer may be included. As the aims are to 
foster pupils' enquiry ability including reasoning ability and creativity, multiple
choice format or rigid assessment structure may not fit into it. 

Indeed, English KS3 tests for 2004 show a reduced tendency towards multiple
choice format but increased proportions of description or explanation (section 5-
3-1). As the emphasis moves towards elements of the nature of science and 
scientific enquiry, then it becomes impossible to cover the assessment of 
scientific enquiry ability including skills and conceptual enquiry by using multiple 
choice questions as has been shown by other research (Lee H R, 1999; Taber, 
2003). 

Therefore, there is an ongoing debate to change the purpose or nature of 
assessment with a modern approach in Korea to give many more students the 
chance to demonstrate what they have learnt rather than pick out what they do 

228 



not know (Kim J H & Lee M K, 2003). Taber (2003) also supports this and argues 
that pupils need to be given a better opportunity to demonstrate the requisite 
knowledge whether pupils can recall specific items of information or apply it to 
particular problems, that is a structured question (Black, 2003; Kim J C, 2004). 
There are also ongoing debates concerning the validity and reliability of the 
national assessment (Taber, 2003). 

To sum up, the quality of assessment such as validity, reliability and suitability 
for the purposes must be important. The Korean assessment regime places 
emphaSis on quality of assessment in technical terms so that the multiple-choice 
format has dominated. However, there is a need to reconsider types of questions, 
which can assess various abilities of scientific enquiry in the national assessment 
as the methods of science can be varied in content as we" as context. 

The following section wi" discuss issues concerning the spectrums of scientific 
enquiry based on the analysis of questions by using Klopfer's speCifications. 

8-3-4 Spectrum of scientific enquiry 
Klopfers' specifications are a useful framework for showing the comprehensive 
range of assessment expectations in science. The spectrum indicates how widely 
the examinations consist of questions, which demand pupils' varied ability. 

According to Klopfer's specifications, the areas of scientific enquiry consist of 
'Observing and measuring' (bl-bS)' 'Seeing a problem and seeking ways to 
solve it' (cl-c4) 'Interpreting data and formulating generalisations' (dl-d6) and 
'Building, testing and revising a theoretical model' (el-e6), 'Application of 
scientific knowledge and method' (fl-f2) 'Manual skills' (91-92) 'Attitude and 
interest' (hl-hS) and 'Orientation' (il-i6). They are also included 'Knowledge 
and comprehension' (al-all) 

Genera"y, scientific enquiry abilities are assessed by performance assessments 
and various examinations. The areas of 'Manual skills' (91-92) and 'attitude and 
interest' (hl-hS) can be assessed we" by performance assessment. The areas 
concerning 'Building, testing and reviSing a theoretical model' (el-e6) and 
'Application of scientific knowledge and method' (fl-f2) are regarded as 
demanding higher cognitive ability (Hur M, 1984). In this research there was not 
a question which falls into the areas 'Building, testing and revising a theoretical 
model' (el-e6) and 'Application of scientific knowledge and method' (fl-f2). 

As shown in section 5-3-3, scientific enquiry questions in English test papers 
show a wider spectrum including of 'Observing and Measuring' (bl-bS) 'Seeing a 
problem and seeking ways to solve it' (cl-c4) 'Interpreting data and formulating 
generalisations' (dl-d6), and 'Manual Skills' (911-92) and Orientation (il-i6). 
The outstanding area is 'Seeing a problem and seeking ways to solve it' (cl-c4) 
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which mainly covers discrete scientific investigative questions, and 'Orientation' 
(il-i6) which includes elements of the nature of science despite being only a tiny 
proportion of questions. Thus, the Korean test papers reflect a narrower range of 
assessment content. As the documentary analysis has revealed (section 5-3-3), 
the 2004 English test papers show changes in the diversity of scientific enquiry 
by having increased the areas of 'Observing and Measuring', ' Seeing a problem 
and seeking ways to solve it (c1-c4), 'Manual skills' (gl-g2) and 'Orientation'. By 
contrast, the Korean test papers show no significant changes from 2003 to 2004. 
It is clear that the English KS3 test papers have been developing toward a higher 
proportion of scientific enquiry and a wider spectrum in the Klopfer's 
specifications. The report (Osborne & Ratcliffe, 2000, p17) supports this by 
showing Klopfer's specifications of the English KS3 test papers during 1998, 1999 
and 2000. 

Yet, there still needs to be a wider range of questions in Klopfer's spectrum 
because the elements of the nature of science have been found in 2004 test 
papers with only a few questions. In addition, the English test papers tend to 
narrow the notion of a scientific investigation to an exploration of the effect of 
one or more independent variables on a dependent variable. This may mean that 
the net outcome has been to narrow the range of tasks which can count as 
'investigations' so that the sort of work undertaken bears little relation to the real 
work of scientists (Welford, et ai, 1996). In practice, scientific investigations in 
English schools always tend to involve practical work as apart from collecting 
relevant information, argumentation, communication and so on (Welford, et ai, 
1996). Therefore, although English test papers show a little wider spectrum 
including the discrete scientific investigative questions, there may still need to be 
more diversity in the assessment content. 

On the other hand, all the questions in the Korean HE examinations fall into only 
four categories in Klopfer's specifications which are 'Knowledge and 
comprehension' (al-all), 'Observing and measuring' (bl-bS), 'Interpreting 
data and formulating generalisations' (dl-d6) 'Manual skills' (91-92). In 
addition, the scientific enquiry area has been concentrated on 'interpreting data 
and formulating generalisations' (dl-d6) . 

. Comparing to the English test papers, the Korean counterparts show extremely 
limited domains of science and scientific enquiry. It may show that the Korean 
test papers reflect a narrower range of assessment content, which reflects on a 
narrower presentation about scientific enquiry in the national curriculum. The 
emphasis on the elements of the nature of science and scientific enquiry in the 
aims of the curriculum were not found in the assessment content. 

The Korean teachers recognize a need for diversity and variation in content and 
context in assessing scientific enquiry and a need for offering variety experience 
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of science for pupils (appendix 36, Kor-16). They also recognize that the Korean 
test papers have concentrated on the area of data interpretation. Nevertheless, 
they would easily give in these needs in their teaching in practice as they have to 
prepare pupils to get the tests because teaching scientific enquiry is not their 
priority. 

There is a tendency for the national curricula context to be narrowed even 
further when teaching and learning is concentrated upon familiarization with 
assessment content. It is clear that this feature impoverishes many aspects of 
knowledge and skills that are considered science in the real world (Osborne & 
Ratcliffe, 2000). As Korean teachers in the focus group interviews mentioned, the 
elements of the nature of science including history of scientists may be used only 
for motivating pupils' interests rather than essential agenda for their scheme of 
work. In this respect, it is clear that the aims need to reflect to the curricular 
content and the assessment content more fully with consistent, coherent and 
integrated manner. 

To sum up, it is important that the national assessment is developed to reflect 
curriculum intentions accurately and should encourage teaching methods 
(Osborne & Ratcliffe, 2002). In this respect, it is clear that there is a need for 
more diverse and varied types of questions, content and context of assessing 
scientific enquiry in the Korean examination papers. 

8-3-5 Conceptual understanding 
This section is based on the findings from the analysis by using Bloom's 
taxonomy. It describes how the assessment content, which includes questions 
demanding a different conceptual understanding, affects teaching in practice 
under assessment driven school curricula, then, issues and implications. Although 
the analysis includes all the questions in the test papers, in both areas of 
scientific enquiry and science knowledge, scientific enquiry questions tend to 
demand higher cognitive abilities as well as being a powerful determinant in 
teachers' teaching practice in the classroom as recognized in chapter 7 (7-2-5). 

Bloom's taxonomy is useful in distinguishing between questions demanding 
higher and lower cognitive domains. Each question in all the test papers can be 
classified into six domains: 'Recall' 'Comprehension' 'Application' 'Analysis' 
'Evaluation' and 'Synthesis'. Questions in the English KS3 tests fall into mainly 
'Comprehension' and 'Recall' domains with a relatively lower level of 'Application' 
domain. Questions in the Korean HE tests fall into mainly 'Application' and 
'Comprehension'. The Korean HE tests also show more in 'Analysis', 'Evaluation', 
and 'Synthesis' domains than that of English KS3 tests (section 5-3-2). The 
English KS3 tests in 2004 show more higher cognitive domains than that in 2003 
more questions appearing in 'Comprehension' and less in 'Recall' domain as well 
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as more questions in 'Application', 'Analysis', 'Evaluation' and 'Synthesis' than 
those in 2003. The Korean HE tests in 2004 also show a little change to higher 
cognitive domains than in 2003 with more questions appearing in 'Analysis', 
'Evaluation' and 'Synthesis'. 

Compared with Korean test papers, the English KS3 test papers include a variety 
of context, discrete investigative questions, more experimental questions and 
questions with real life applications, yet demanding a lower level of cognitive 
domains as shown in chapters 4 and 5. Under assessment driven school curricula, 
this tendency has accordingly affected teachers' teaching practice. As shown in 
sections 6-3-3 and 7-2-5, the English teachers do more practical work indicating 
that more than a half of the lessons involve practical work. They believe that 
pupils would gradually build up the ability to understand the elements of 
scientific enquiry and the ability to carry out scientific investigations through 
doing practical work. 

There are some doubts about the effectiveness of this way of teaching. As 
shown in section 6-3-3, the English teachers do not often teach in ways in which 
scientific enquiry can be fostered such as scientific investigations, discussions, 
research activities and so on. Then, they assume pupils would acquire the 
elements of scientific enquiry and skills by doing practical work. For example, the 
English teachers assume that pupils would understand the term 'variables' and 
'control variables' and other elements of 'ideas and evidence' as they have done 
continuous practical work since year 7. 

As mentioned in section 2-5, this implicit approach helps pupils to acquire 'skills' 
but is not effective for all the elements of scientific enquiry. Much research has 
conSistently shown that scientific enquiry should be taught in an explicit and 
reflective manner (Shwartz & Lederman, 2002; Khishfe & Abd-EI-Khalick, 2002). 
According to Batholomew, et ai, (2003, p6), the elements of the nature of 
science and practice and processes of science should be taught explicitly and as 
a way of teaching science concepts because developing and understanding 
practice and processes of science is a reflective endeavour. 

It is clear that the English teachers are more concerned about fostering pupils' 
skills area and tend to assume that scientific· investigations always involve 
practical work (sections, 6-3-3 and 7-2-5). Although the English teachers 
indicated the aims of teaching scientific investigation as 'encouraging reasoning 
and critical thinking' as their 2nd high focus item, they put their emphasis on the 
empirical nature of science rather than on conceptual enquiry in general. They 
also show less concern about the item 'in fostering an understanding of the 
nature of science' than their Korean counterparts. 
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Subsequently, this may result in the English teachers' confidence in teaching 
scientific enquiry and positive responses concerning the English KS3 questions 
but in neglecting about the conceptual enquiry including the elements of 'ideas 
and evidence': although the English KS3 questions are relatively new to them, 
they would be willing to teach the new way. As shown in the focus group 
discussions, both groups of teachers agree that the English KS3 questions 
demand enquiry skills so that they would teach these by doing more practical 
work and scientific investigations. Teachers from both countries agree that these 
questions are shallower and easier questions than the Korean ones so that they 
would train their pupils easily due to the questions are mainly assessing skills 
area (section, 7-2-2). 

This finding has been supported by the research report (Osborne & Ratcliffe, 
2000) that scientific enquiry questions in the English KS3 test papers are largely 
testing a limited subset of skills. Although the English KS3 tests in 2004 show a 
greater proportion of questions demanding higher cognitive ability than those of 
2003, there is still a need to include more questions encouraging the use of 
higher order skills of 'Analysis', 'Synthesis' or 'Evaluation' (section, 5-3-2). 

By contrast, the Korean HE examinations include questions, which demand 
problem solving ability and a more abstract form of science knowledge and 
mathematical ability as shown in chapter 5. Under assessment driven school 
curricula, the above tendency has accordingly affected teachers' teaching 
practice. 

The Korean teachers tend to teach science in a similar way in which they would 
teach mathematics: they would explain scientific terms, knowledge and even 
skills. They would demonstrate the process of solving problems and the ways in 
which to reach an understanding of the science concepts. 

They do not expect that all pupils will be able to understand the science concepts, 
which they are teaching in the classroom. Some Korean teachers pOint out 
around 30% of pupils can understand the science concept initially and after 
repetitive practising using work-sheets or past examination papers, around 50% 
of pupils will be able to understand yet they would not expect more than half of 
their pupils to understand the content (appendix 36, Kor-29). However, the 
Korean teachers disagree that the curriculum content should be replaced with an 
easier content. They strongly believe that learning science is more than 
understanding science concepts and acquiring skills. They believe that learning 
science can include practising the ways to solve problems and the process of 
understanding science concepts. By repetitive practising, pupils would learn the 
process of problem solving, the process of understanding and the way of 
thinking so that pupils would be able to broaden their understanding of science 
knowledge when they go to high school or college (section, 7-2-5). Korean 
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teachers feel there are advantages, that as they teach them to be able to answer 
the questions demanding higher conceptual understanding, their intense and 
explicit teaching enlarges the pupils' learning capacity (Chapter 7). 

There are concerns about this tendency to demand too high a cognitive ability. 
As Taber (2003) argues, the cognitive level required should be reasonable at 
which pupils are challenged but not demotivated. Too much challenge leads to 
frustration and incomplete or incorrect work (Taber, 2003). As Kim] H & Lee M 
K(2003) have suggested, this demotivation can affect pupils' experience about 
science in school and their attitude toward science. Indeed, compared with the 
English students, Korean students show less interest and a lack of confidence in 
science subjects despite their higher achievements (KICE, 2004). As such, 
assessment, ways of teaching, national curriculum content and other. factors 
such as facilities, time tables and large class sizes seem to inter-relate with each 
other affecting pupils' experience of science and their attitude toward science. 

In addition, Korean questions encourage pupils to solve problems but may not 
encourage them to find problems or to plan investigations in unfamiliar situations. 
As the Korean teachers mention, even though Korean children are able to 
interpret graphs they may not be able to create graphs by using the tables 
(appendix36, Kor-3). Thus, this way of teaching does not seem to foster pupils' 
creativity . 

Korean questions may encourage pupils to become conscious of their own 
thinking and encourage their ability to process information but they would not 
give them enough time to think but are constantly pushing them to become 
familiarised with the assessment content. 

Nevertheless, this may have become a typical teaching tradition in Korea, which 
can be found in other subject areas. The Korean teachers recognize the 
importance of scientific enquiry as an aim of the national curriculum. They also 
agree that scientific investigations would enhance pupils' enquiry ability. They 
also recognize that there is a need for their pupils to enhance their practical skills 
(6-3-3). Yet, they show strong resistance to doing more practical work. 

Korean teachers suggest the obstacles hindering the carrying out of more 
practical work in sections 6-3-3 and 7-2-4. They raise assessment related 
problems and other factors such as lack of laboratory facilities, a limited 
timetable and large classes. They also point out that they feel doing practical 
work is ineffective: pupils are not interested in the aims of the practical work so 
that only 25-30% of pupils pay attention to what they are doing and the majority 
of children tend to look at the process and keep asking what the next step is 
(appendix 36, Kor-21). Subsequently, the teachers need to explain over again 
after doing practical work. This tendency is continued when pupils do a research 

234 



project, which relies heavily on an information survey as their major investigative 
method (Oh P S, 2005). 

It is not clear whether this tendency comes from the teachers' own beliefs in the 
greater value of abstract forms of knowledge such as basic theories, laws and 
principles or whether it comes down from an academically orientated curriculum. 
Yet it is clear that Korean teachers give more weight to conceptual enquiry than 
to empirical enquiry. 

Based on the above discussions, the following implications can be drawn. 
Firstly, it is clear that there is a need to clarify the term scientific enquiry in 
curricula and with teachers, which comprises not only the empirical nature of 
science but also conceptual enquiry. As Osborne, et al (2003) explained, enquiry 
activity can be multifaceted; either way may be reflective in manner to create 
more authentic science learning than simply teachers talking. 

Unclear understanding about scientific enquiry is evident in teachers' perceptions 
from both countries: for the English teachers, they often regard scientific enquiry 
as doing practical work and as for the Korean teachers, they show resistance to 
doing more practical work yet they agree that their pupils need more skills. In 
practice, the Korean teachers often plan to do scientific investigations such as 
doing research projects without involving practical work (Oh P S, 2005). 

Secondly, it may help teaching if English KS3 tests comprise more questions, 
which can enhance pupils' conceptual enquiry whilst the Korean HE examinations 
could include more skills. 

Lastly, the typical teaching traditions may not be easy to change. Thus, the 
direction for improvement may be toward minimizing disadvantages and 
maximizing advantages. For example, despite many disadvantages in the typical 
teaching tradition in Korea, there can be some advantages in terms of teachers' 
commitment to pupils' learning, their explicit approach in teaching the elements 
of scientific enquiry and the emphasis on conceptual enquiry. As shown in 
sections 6-3-3 and 7-2-5, the Korean teachers show their commitment to pupils' 
learning of concepts by training the process of thinking in order to solve 
problems involving hard work. Even in process skills and the elements of the 
nature of science they would teach explicitly (sections 6-3-3 and 7-2-5) Similarly, 
the typical teaching tradition in England can have advantages in terms of pupils' 
skills, teachers' satisfaction in their teaching approach, more autonomy for pupils 
as they carry out investigations and so on. Therefore, it may be better to keep 
these tendencies and replace content and context so that the assessment would 
be culturally sensitive (Noah and Eckstein, 1990). 

235 



In this respect, both groups of teachers could be encouraged to employ more 
whole group discussions and research projects considering the need to enhance 
more conceptual enquiry in the English assessment as well as considering 
teachers' resistance and other negative factors being barriers to doing more 
practical work in the Korean classrooms. 

As Oh P S & Shin M K (2005) suggest, Group Investigation (GI) can be helpful in 
developing pupils' cognitive abilities, giving them time to think for themselves as 
well as offering a variety of content and contexts which can offset the above 
traditional tendency in Korea. This is because the method involves higher-level 
thinking tasks such as identifying information relevant to their research as well 
as providing pupils with a personal challenge and essential time for reflection and 
discussion within such a lesson (Oh P S & Shin M K, 2005). 

However, there are concerns that enquiry based teaching of science is too slow 
to cover all the requirements of the national curriculum whether or not practical 
work is involved (Osborne, et ai, 2003). As Woolnough (1991) argued, pupils 
construct their knowledge relating previous knowledge and new knowledge 
produced by investigation and this evolve slowly. Thus many teachers avoid this 
way of teaching. 

However, Oh P S & Shin M K (2005) advocated taking this enquiry based 
teaching and using data from a nationwide science test found that students in 
cooperative enquiry settings scored significantly higher on 44% of the items as 
compared with a national sample (Schneider, et ai, 2002 quoted in Oh P S & Shin 
M K, 2005). They emphasised that it may be an unjustified myth that enquiry 
based teaching does not fit into preparing for high-stake national assessment 
(Oh P S & Shin M K, 2005). 

Adey (1998) supported this by mentioning 'thinking science' based on cognitive 
intervention theory. According to Adey's explanation, pupils' formal thinking 
starts to be formed at about level 5-6 in the national curriculum, which is at KS3. 
During this period of time, teachers can provide opportunities for developing the 
forming of the complex process of high-level thinking by challenging pupils in 
their own problem solving, encouraging pupils to become conscious of their own 
thinking, questioning which can aid in the construction of a reasoning pattern 
and bridging the use of this reasoning pattern over to science and to a real life 
context. This 'thinking science' requires stepping back from a delivery view of 
teaching and giving time to pupils to encourage the development of reasoning 
concerning the way in which science knowledge progress in certain ways. Adey 
(1998) suggested that time spent in encouraging the development of this general 
processing mechanism may immediately be lost from covering the curriculum but 
it provides pupils with the tools with which they can learn more effectively in the 
future. 
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To sum up, the assessment content seems to be the most crucial factor for 
implementing more scientific enquiry into the classroom under the assessment 
driven school curricula. The assessment contents, which contain questions 
demanding different levels of cognitive abilities, directly affect teachers' teaching 
and this can become typical teaching method. 

Korean assessment seems to be more problematic in terms of purpose and 
having a narrower range of Klopfers' specifications and types of questions. 
Neither group of teachers appear to teach in a way in which scientific enquiry 
ability can be enhanced. The English teachers do more practical work and the 
Korean teachers teach science in a similar way to teaching mathematics. It has 
also been discussed that the higher level of conceptual understanding makes 
Korean examinations distinctive in assessment, teaching and learning. At this 
point, this discussion implies that changing teaching to accommodate changes in 
21 st century science and motivating pupils would require a great deal of change 
in the attitude of teachers. The following section discusses issues and 
implications from teachers' research. 

8-4 Findings from teachers' research 
The findings from the teachers' survey show more in common between England 
and Korea than the findings from documentary analysis. However, the distinctive 
areas are perceptions and opinions concerning teaching methods. The findings 
from the teachers' survey were able to offer explanations to differences from the 
documentary analysis as well as supporting the findings from the questionnaires 
and focus group interviews. 

As a supplementary way of supporting the findings from the documentary 
analysis and the questionnaire survey, the focus group interviews reveal more 
details about teaching practice in the classroom, the teachers' constraints and 
conflicts between their values, pedagogy and practices in depth. For example, 
from the questionnaires both groups of teachers indicate that the English KS3 
questions are better for enhancing pupils' scientific enquiry. Yet, the fin"dings 
from the focus group interviews reveal the Korean teachers' resistance against 
preparing pupils to answer the English KS3 questions, which stems from the 
pressure of covering curriculum content, preparing pupils for examinations, 
having lack of laboratory facilities and large class sizes and their strong belief in 
the importance of science knowledge and an emphasis on conceptual enquiry. 

The following section will describe the implications of teachers' perceptions and 
teaching practice based on all the findings from the survey research. As 
mentioned in 2-6, teachers playa pivotal role in implementing scientific enquiry. 
As teachers teach science, they are not only imparting knowledge but also 
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demonstrating scientific ways of questioning, thinking, handling and facing 
particular problems (McComas, 1998). Ultimately, teachers' views, perceptions, 
opinions and the way they teach science can mould pupils' attitude toward 
science and their experience about science (Kim J H & Lee M K, 2003). In this 
respect, it is important to assess teachers' views, perceptions and opinions as 
well as various factors affecting teachers' teaching practice in order to help 
teachers to implement more scientific enquiry in the classroom. 

8-4-1 Implications from the commonalities 
Both groups of teachers seem to be only aiming at the development of an 
understanding of science concepts and methods of science. The rest, which 
includes the elements of the nature of science and scientific enquiry, lies beyond 
the boundary of their schemes of work. This coincides with the findings from 
documentary analysiS revealing the fact that there are shortcomings in the 
reflection of the aims of the national curricula in the teachers' teaching practice. 
Some Korean teachers mention that they often tell some history of science or a 
scientists' biography in order to stimulate pupils' interest but not for the purpose 
of enhancing pupils' understanding of the nature of science (appendix 36, Kor-
21). 

Both groups of teachers favour TIMSS-2003 questions whilst the Korean HE 
questions are the least popular. They recognize that the Korean questions 
involve teaching a considerable amount of science knowledge and that much 
harder work is needed to familiarize them with those questions demanding 
higher conceptual understanding. They also agree that skills can be acquired 
more easily than conceptual understanding. 

Both groups of teachers recognise that they can train their pupils to answer each 
set of questions by using similar methods. For example, they suggest that they 
would use past examination papers in order to familiarize them with the 
assessment content as they are told to prepare new types of questions (sections 
7-2-5 and 7-2-6). 

Therefore, the comments imply that both groups of teachers would prepare their 
pupils in a similar way if they were given the same questions to teach (sections 
7-2-5 and 7-2-6). Most of the English teachers indicate that they would prepare 
their pupils to take Korean HE questions in a similar way in which the Korean 
teachers would do with more explaining of details of the required knowledge and 
familiarizing them with the assessment content by practising repetitively. The 
Korean teachers answer that they would prepare their pupils to answer the 
English KS3 questions by doing more practical work and carrying out more 
investigations. As mentioned above, both groups of teachers would familairise 
their pupils with each set of questions by practiSing past examination papers and 
doing work sheet activities. Therefore, once they are given well-constructed 
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questions, which reflect the aims of the national curri<:ula in the test papers 
including the elements about the nature of science and scientific enquiry with 
various content and context, they would teach in similar ways. 

In this respect, the disparities in the national curricula and in the assessment 
may need to be improved first rather than teachers' teaching practice. As shown 
in section 6-3-2, the national curricula descriptions influence teachers' 
perceptions and teaching style. For example, the KNSC suggests that scientists' 
biography or history of science can be used in order to stimulate pupils' interest 
rather than to be used as a way to understand the nature of science (MOE, 
2001b). Indeed, some of the Korean teachers from the focus group interviews 
indicated that they use history of science or scientists' biography mainly for 
maintaining pupils' interest (section, 6-3-2). Subsequently, the intentions and 
definitions being described in the national curricula can be important in respect 
of teachers' interpreting and implementing the aims of the national curricula into 
their own perceptions. Therefore, it may be necessary to communicate the 
national curricular aims and intentions in a way that teachers will understand the 
concept of scientific enquiry more fully. 

In conclusion, findings from the teachers' survey show more similarities than the 
findings from the documentary analysis. Both groups of teachers reveal that they 
fall short of the national curriculum aims for the teaching of the elements about 
the nature of science and scientific enquiry. Both groups of teachers show similar 
perceptions concerning the aims of teaching science, of doing practical work as 
well as of carrying out scientific investigations. Both groups of teachers would 
teach similar ways as they prepare their pupils to take each set of questions. 
Descriptions and intentions in the national curricula can influence teachers' 
perceptions so that the aims and intentions in the national curriculum need to be 
communicated clearly and accurately to teachers. The following section will 
discuss issues based on differences from the survey research. 

8-4-2 Implications from differences 
The majority of the Korean teachers indicate that they have studied at least one 
of the following subjects, Philosophy, History, Philosophy of Science or Sociology 
of Science whilst the majority of the English teachers indicate that they have 
studied none of those subjects. 

This studying experience seems to affect teachers' views about the nature of 
science. Although a considerable proportion of teachers from both countries 
show unrefined views about the nature of science, the Korean teachers show 
slightly better views. The Korean teachers are more consistent in answering 
within sub-questions and between items amongst different questions in the 
questionnaire concerning teachers' perceptions and teaching practices and show 
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higher correlations between related questions (sections 6-3-2 and 6-3-3). 
Subsequently, the Korean teachers show a clearer tendency throughout this 
survey research in terms of a certain view and toward the way they teach, the 
way their pupils' learn and the disparities between their teaching practice and 
the national curricular recommendation. 

By contrast, the English teachers show a more deductivist and process-oriented 
tendency, yet they show unsophisticated and outdated views of science. Their 
views on certain points are indeterminate and they give inconsistent responses 
with other items in the questionnaire. One question may produce diverse 
opinions. For example, in responses to the questionnaire, most of the English 
teachers indicated their pupils would do 'not very we//' whilst 'not be able to 
answer at all' was the response from the focus group interviews (sections 6-3-4 
and 7-2-2). In addition, in the focus group interviews, the English teachers do 
not seem to be aware of the cause of mismatches between their pupils' 
understanding of science concepts and their understanding of what they are 
doing in their practical work. The majority of English teachers indicated the 
causes as being 'limited time and space' and 'pupils' lack of skills' although they 
do more practical work whereas a half of the Korean teachers indicated the 
reasons for mismatches being 'when the science concepts and investigations 
were not related' (section 6-3-3). In the focus group interviews, the Korean 
teachers gave reasons for their resistance to do more practical work as being 
these mismatches (section 7-2-5). 

Comparing views about the nature of SCience, perceptions about the aims of 
teaching and perceptions about their teaching in practice, there is a smaller gap 
between the two groups of teachers in their views about the nature of science 
but there is a bigger gap in their perceptions about their teaching in practice 
(sections 6-4-2, 6-4-3 and 6-4-4). For example, in the views about the nature of 
science, both groups of teachers show a process-oriented tendency yet the 
English teachers were more skewed in that direction. Then, both groups of 
teachers show similarities in the aims of teaching science, of doing practical work 
and of carrying out investigations. However, in the findings from the focus group 
interviews it appears that the Korean teachers have a resistance to doing more 
practical work (sections 7-2-4 and 7-2-8). In the perceptions about teaching in 
practice, teachers employ different styles of teaching. The Korean teachers show 
a similar tendency to the inductivist view (6-4-2, 6-4-3 and 6-4-4). 

This tendency amongst the Korean teachers may cause teachers' constraint and 
lack of confidence as shown in section 6-3-3 because it shows a discrepancy 
between how they believe science should be taught and their teaching in 
practice. In this respect, the English teachers may have less constraint between 
their views about the nature of science, their perceptions about the aims and 
perceptions about their teaching in practice. Indeed, most English teachers show 
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inadequate views about the nature of science yet, they show confidence in their 
teaching of scientific enquiry which does not correspond with a commonly 
accepted idea in current literature. According to Batholomew, et ai, (2002), 
teachers' lack of knowledge about the nature of science undermines their 
confidence and ability to teach science. 

Therefore, there seems to be a complexity of issues affecting teachers' 
perceptions about their teaching in practice so that many factors such as their 
views, the national curricula content and assessment content inter-lock with each 
other. As mentioned in section 8-3-5, assessment content can directly affect 
teachers' perceptions about their teaching, particularly under assessment driven 
school curricula. The national curricula content, large class sizes and laboratory 
facilities can also affect teachers' perceptions about their teaching. 

On the other hand, views about the nature of science such as teachers' 
philosophical tendency concerning process/ content orientation may not be a 
major determinant for their perceptions about their teaching yet there seems to 
be a certain lever of relationship which can be inter-related to their perceptions 
about the aims of teaching as shown by the responses from Korean teachers 
(section, 6-3-2). The teachers' perceptions about the aims of teaching SCience, 
doing practical work or carrying out scientific investigation can indirectly affect 
their teaching in practice such as Korean teachers' resistance to doing more 
practical work (section, 6-3-3). However, this does not mean that the teachers' 
views about the nature of science only play a limited role in their teaching 
practice. Rather, teachers' views and perceptions about the aims of teaching may 
still hold an important position although they may be less influential concerning 
teachers' teaching in practice. These can affect teachers' value, their attitude 
toward science and confidence in teaching scientific enquiry and how they 
interpret the national curricula and more importantly their resistance to adapting 
a new way of teaching which ultimately can affect pupils' values, attitudes and 
confidence (KICE, 2004). Thus, teachers' views about the nature of science can 
be overtaken by other priorities such as covering the national curriculum or 
preparing pupils to take tests these views may have an important effect on their 
philosophical stance, confidence attitude and so on. 

Therefore, along with improving assessment content as mentioned in section 8-
3-5, there is a need to support teachers in giving them a better understanding 
about the nature of science. As shown in this teachers' survey, the national 
curriculum revisions and policymaking can be aimed at implementing scientific 
enquiry in a way to reduce teachers' current constraints. 

To sum up, the teachers' survey shows similarities and differences between two 
groups of teachers. The teachers' survey supports the results from the 
curriculum analysis' as well as supporting other findings from different 
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methodologies. Both groups of teachers seem to be only almmg at the 
development of an understanding of science concepts and methods of science, 
which are essential to an education in science rather than fostering the nature of 
science and scientific enquiry ability. Thus, there are shortcomings in reflecting 
the aims of the national curricula in the teachers teaching in practice. 
Considerable proportions of teachers from both countries have inadequate views 
about the nature of science. However, the Korean teachers show slightly better 
views about the nature of sCience, a clearer tendency in answering other 
questions both in the questionnaire and in the focus group discussions reflecting 
that they have clearer understanding about their teaching and their pupils' 
learning throughout the survey research, yet they show lack of confidence in 
teaching scientific enquiry. 

Therefore, although teachers' understanding about the nature of science and 
their perception about the aims of teaching may not be a major determinant of 
teaching in practice, it is still important to improve these because they can affect 
teachers'values, attitudes toward science, resistance and confidence. 

8-5 Implications as an international comparative study 
This section describes several issues concerning the use of this study as an 
international comparative study. 

As Schmidt, et al (1998, p7) argue, test results alone or comparative rankings 
based on them are not directly relevant. Unless these outcomes are connected to 
meaningfully manipulable factors that educational policies can affect, the 
outcome of assessments provide minimal if any information for educational 
improvement. Thus, it may be necessary to carry out more qualitative research, 
such as undertaken in this research in order to find out the factors, which can be 
connected to the results in large-'scale international comparative studies such as 
TIMSS being used in this study. 

Although much research has shown concerns about the use of rankings and total 
test scores in the TIMSS, it has been an important reference for revising the 
national curricula and making new policies in both countries (Schmidt, et ai, 
1998: Kim S S, 2004; Kyriakides and Charalambous, 2005). Since 1999 the 
TIMSS survey has included other factors such as students' backgrounds, 
attitudes toward science, classroom characteristics and so on (KICE, 2004). 

Since 1995, Korean students have consistently achieved higher marks in TIMSS 
assessments in science than English students have. In particular, TIMSS 2003 
results reveal that Korean students were ranked in 3rd place with a score of 566, 
whilst English students achieved 5th place with a score of 533 when compared 
with 46 DECO countries. However, this high score does not mean that the 
Korean educational system is better or more effective. This study reveals that 
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behind this high achievement the KNSC is more problematic in terms of its 
incorporation of aims, curriculum content and assessment as well as teachers' 
being dissatisfied and constrained within their professional situation. In addition, 
Korean test papers assess an extremely narrow range of scientific enquiry 
abilities in the area scientific enquiry and show less consistency between the 
aims of the curriculum and assessment content. 
This study as a comparative and qualitative research may give explanations for 

the TIMSS results and identify factors, which could improve the quality of 
education. By comparing the national curricula of England and Korea, 
assessment and teachers' views, perceptions and opinions, it can be seen that 
the process of implementing scientific enquiry is a complex process and is likely 
to be different in the two countries because factors within both countries can 
affect the classroom situation at different levels. Thus, policy making or curricula 
revisions can be based on qualitative research rather than simply making use of 
TIMSS results. 

Nevertheless, this research has not shown clearly why pupils from both countries 
perform highly in TIMSS and why Korean pupils in particular have performed 
better. It is said that the assessment content of TIMSS cannot include curriculum 
content from all participating countries. As Kim S S, (2004) pOints out Korean 
educators are not involved in the process of developing the assessment content 
for TIMSS, which could place Korean students at a disadvantage. On the other 
hand, English students may have an advantage because of the similarity of their 
own tests with TIMSS. Both groups of teachers agree that they would prepare 
their pupils in a similar way for the TIMSS questions as they would for English 
KS3 questions. 

A possible reason why Korean students have performed well in TIMSS despite 
the above disadvantages may be speculated based on this study. As discussed in 
section 8-3-5, the KNSC and Korean teachers place more weight on conceptual 
enquiry rather than empirical enquiry. Although both groups of teachers 
recognize the importance of scientific enquiry, they disagree about the 
importance of practical work. The English teachers are more concerned with 
practical skills and expect their pupils to acquire abilities to carry out scientific 
investigations during practical work, whilst the Korean teachers put their 
emphasis on pupils' conceptual enquiry and are more concerned to help their 
pupils understand science concepts and acquire problem solving abilities by 
repetitive demonstrations and explanations. 

In spite of differences in terms of curricula, it may be speculated that since 
children of both countries have done well in TIMMS, a possible reason is that 
both countries put emphasis on scientific enquiry. Korean children's better 
performance may be due to a greater emphasis on conceptual enquiry. English 
educators are now recognizing the limitations of practical work and are 

243 



encouraging teachers to introduce argumentation and discussion to foster 
conceptual enquiry. Further study is needed to explore this area 

Finally, both national curricula are heading towards similar goals by fostering the 
future citizenship of young people by putting an emphasis on scientific enquiry, 
which includes the nature of science and its processes and practices. They also 
include similar curriculum content because science itself is a universal subject, 
being known as an international endeavour (Solomon, 1998). In addition, 
teachers in both countries were familiar with TIMSS content and questions and 
both favoured the questions. Moreover, teachers in both countries would prepare 
their pupils to answer different types of science questions in more or less the 
same way. Therefore, this tendency may continue as TIMSS is being held every 
4 years. Interestingly, TIMSS-2003 test papers in the scientific enquiry area show 
similar features to English test papers in terms of proportion, distribution and 
nature of questions. However, TIMSS-2003 test papers contain more multiple
choice format and less discrete scientific investigative questions than English test 
papers. TIMSS-2003 test papers contain 'Seeing a Problem and Seeking Ways to 
Solve it' (c1-c4) and other elements of contemporary science, including the view 
of the nature of science although the proportion of scientific enquiry is more or 
less similar to the Korean tests. As teachers in both countries pointed out TIMSS-
2003 questions seem to be somewhere between English test papers and Korean 
ones. 

To sum up, although TIMSS results have been an important reference in 
policymaking and the national curricular revision, they have limitations in 
affecting policymaking. In addition, an international achievement test, TIMSS 
assessment should perhaps be more comprehensive. The achievement results 
may be used with caution. 

This comparative study as a qualitative research can provide explanations and 
identify the factors, which can be connected to the results in TIMSS. Thus, 
eventually the outcomes from this comparative study could be used to improve 
the quality of education as well as enhancing research based policymaking and 
curriculum revision. As other research shows, this study may be used as a way of 
identifying factors that could aid in the design of intervention in an educational 
programme (Schmit et ai, 1998; Kyriakides & Charalambous, 2005). 

8-6 Theoretical framework 
As a conceptual framework, this research has employed the theory and practice 
triangulation as shown in figure 3 below (Chapter 3). Scientific theory, which 
refers to a hypothesis, which has been confirmed by observations, is 
inappropriate for giving explanations to educational research. This is because 
educational research often has an amorphous nature with many concrete and 
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uncontrolled contexts (Grenfell, 1998). Thus, educators need to address the 
theory and practice triangulation so that how each may be defined and ways in 
which they are linked may be discussed (Grenfell, 1998). 

Fi ure 3 The research structure based on Theo - ractice trian ulation 

Concrete practice 
Teachers' teaching and assessment practice 

I 
Tacit knowledge 
What teachers think they are doing 

Educational Theory (Principles) 
The national curriculum 
(Aims, Content, Teaching, Assessing) 

t 
Examination papers 
The nature of questions 

Fundamental Educational Theory 
Principles of teaching and assessing 
(What teachers think should be done) 

The theory-practice triangulation has fitted into this study because the research 
area was in the relationship between educational theory (principles of curriculum 
and assessment) and practice in assessment and teaching. This framework has 
been useful not only in guiding the research but also in analysing and 
synthesizing the results. 

According to Grenfell (1998), the concrete practice is partly constituted by tacit 
knowledge articulated in fundamental educational theory and generalized in 
order to eventually form justifying educational principles (section, 3-3-1). 
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Teachers' actual practices depend on the interaction of what the teachers teach 
and what the teachers' pedagogy is including their views, perceptions and 
opinions about their teaching.· 

However, the findings from this study imply that the above triangulation is not 
enough to show the interactions and the links between factors. Based on the 
finding from this study, the theory-practice triangulation can be altered as shown 
in figure 31. 

Figure 31 The theoretical framework based on this stud 

Concrete practice 
Teachers' teaching and assessment practice 

I 
Tacit knowledge 
What teachers think they are doing 

Educational Theory (P i ciples) 
The national curriculum'L 
(Aims, Content, Terrg, ;055in9) 

Examination papers 
The nature of questions 

Fundamental. Educational Theory 
Principles of teaching and assessing 

(What teachers think should be done) 

* ~ Original arrows in the theory-practice triangulation 
----il'> A Weaker influence 
~ A stronger influence 

The theory-practice triangulation did not show the level of tension between 'tacit 
knowledge~ the national curriculum and the principles of teaching and assessing. 
As shown in figure 31, the 'educational theory' side appears to dominate in 
shaping teachers' 'tacit knowledge~ This may indicate that the teachers regard 
the theory as the product of power through mastery of techniques, which 
undermine their own craft knowledge. Teachers appear to prioritise the 

246 



assessment content and the requirements of the national curriculum in their 
teaching rather than fulfilling their preferred pedagogy. In particular, the content 
of assessment appears to affect directly what teachers perceive they are 
teaching (tacit knowledge) under the assessment driven school curricula. 

Subsequently, the theory-practice triangulation seemed to be rather linear with 
'Educational Theory (Principles)' dominating teaching in the classroom. Similarly, 
the link and interaction between 'Fundamental educational theory' and teachers' 
'tacit knowledge' are considerably weak. Therefore, this research has suggested 
that the relationship between pedagogic principles and teachers' tacit knowledge 
is not as strong or linear as shown in the theory-practice triangle. The 
relationship between pedagogic principles and practice is worthy of further study, 
particularly an observational study that has been outside the scope of this study. 

As mentioned in section 8-4, the discrepancy between what teachers think they 
are doing and their views and perceptions due to being dominated by 
'Educational theory (principles)' can lead to their lack of confidence, their 
resistance to change and their discontent. Therefore, improvement in the 
relationship between principles and practice may be towards the direction in 
which the teachers can exercise their pedagogy more, or by a way in which 
teachers feel less pressure and can have more confidence in their teaching of 
scientific enquiry. As the English teachers appear to be content with what they 
are teaching concerning scientific enqUiry and their schemes of work, the 
interactions between two corners of the triangulation show less discrepancy, 
which leads to less tension. For example, to reduce tension for the Korean 
teachers, the national curriculum recommendations and teachers views on the 
teaching of science need to be more convergent. 

8-7 Reflection 
The research set out to answer the question 'What is the impact of 
assessment in scientific enquiry on the perception of teaching science 
at age 14 in a comparison between Eng/and Korea]' 

This study was a comparative research, comprising documentary analysis and 
survey research. The survey research consisted of two different methods: 
questionnaires and focus group interviews. These were regarded as the best-fit 
methods to explore the research question. The findings from these different 
methods not only support one another but also provide explanations concerning 
particular results although some of the findings overlap. The documentary 
analysis was undertaken systematically. In particular, the theoretical frame works 
for analysis (Bloom's taxonomy and Klopfer's specifications) allowed triangulation 
across analysis. There is thus considerable confidence in the findings. For the 
vast majority of elements in the two instruments, (questionnaire and focus group 
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interviews) the results reinforced each other, suggesting confidence in the 
findings. 

Therefore, the research has been able to answer the research question although 
there are difficulties in sampling from the examination papers due to different 
educational systems. The samples in the two countries in terms of experience 
are very similar. This makes the comparison valid. Although the sample is 
reasonably large and results triangulated, the findings are not necessarily 
generalizable to the whole population. Rather the results show some similarities 
and differences between two similar samples. The results are thus valuable as an 
exploration of how a 'typical' set of teachers perceives the teaching of scientific 
enquiry. 

8-7-1 Limitations and further research 
This research only judges perception of teachers, it does not report on the actual 
practice. Therefore, it may be worthy to carry out further study in the area of 
teachers' teaching by classroom observations. 

As has been mentioned, implementing scientific enquiry into the classroom 
seems to be a complex process. Further research may be needed in two areas, 
one in developing scientific enquiry questions which reflect the aims of the 
national curricula including the elements of the nature of science and scientific 
enquiry, and the other in the area of how to reduce the gaps between the 
teachers' views about the nature of science, their perceptions, and their practice 
as well as in the area of supporting teachers to apply scientific enquiry in 
classroom practice. 

In terms of the instrument assessing teachers' views about the nature of science, 
question 7 with 14 items in the questionnaire (appendix 33) has been developed 
by being altered from the original instrument which contained 24 items Nott and 
Wellington (1993, p109). The items for assessing instrumentalism/realism were 
excluded because it was considered that this tendency was less related to the 
teachers' teaching in practice compared with the philosophical tendency. In 
addition, the items exclusively assessing contexualism/decontextualism tendency 
were also excluded, instead the items mutually· assessing 
contexualism/decontextualism and relativism/positivism were included. 

The result from this research was supported by Park U B (2000), revealing that 
Korean teachers in middle schools show a similar tendency to the findings from 
my research (i.e.) by using the same instrument, he showed that Korean 
teachers are more inductivist, relativist, and process orientated and show a 
tendency towards contextualism and instrumentalism (P248). 
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In addition, as also indicated by Park/s research, it is said that teachers who have 
a tendency towards realism are more likely to show a positivist view. This 
research was not designed to be confined to the area of teachersl views about 
the nature of science in depth but to explore their views, perceptions and 
opinions in relationship to their teaching in the classroom. 

Nevertheless, there may be limitation in generalizing the views about the nature 
of science from the result of this research because considerable items were 
excluded from the original instrument. 

As mentioned in section 8-5, as an international comparative study, this may 
lead to further research concerning possible reasons why the English students 
have performed highly and the Korean students have performed even better 
than their English counterparts despite their national curriculum and assessment 
having been more problematic. 

8-8 Conclusions and Recommendations 
Assessment appears to dominate a lot of teaching and learning in both countries 
and especially in Korea where it involves high stakes. Even if the national 
curriculum in each country puts emphasis on scientific enquiry, this area will not 
achieve a higher profile or be incorporated into the classroom unless it has a 
more important place within the assessment because the assessment content 
sends a message about what is valued and important: if is not in the test it 
cannot be important. Hence, assessment has been a great stumbling block in the 
way of the improvement of the quality of education. 

Both national curricula put emphasiS on scientific enquiry in order to meet the 
demands of a changing society and to improve the quality of education. 

However, this research reveals shortcomings within both groups of teachers in 
the matter of teaching elements of the nature of science and scientific enquiry 
and in teaching science by implementing scientific enqUiry into SCientific concept 
in an integrated manner for a meaningful learning to take place. Both groups of 
teachers express that they would aim at motivating children and helping them 
understand science concepts. 

Although they recognise that scientific enquiry is important, emphasizing 
scientific enqUiry and the elements of the nature of science seem currently to be 
beyond the bounds of their tacit knowledge and therefore teaching practice for 
teachers of both countries. 

It appears to be more problematic to implement teaching and asses~ment of 
scientific enquiry in Korea than in England. The KNSC interprets scientific enquiry 
only as teaching science that is enquiry based. This interpretation has a narrower 
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range with respect to the contemporary view of science as well as when it is 
compared with the ENSC. The ENSC describes it, not only as a strand in the 
science programme of study but also as the way in which to teach science. The 
precise interpretation in the KNSC seems to lead to a restricted range of 
assessment content. By using Klopfer's specifications, this tendency towards a 
narrower spectrum was confirmed. Both curricula have been heading in a similar 
direction, incorporating more scientific enquiry into the curriculum but the level 
of implementation has been different. 

Due to the inclusion of scientific enquiry as a strand of the national curriculum, 
the ENSC reflects the aims more fully on the national curricular content and the 
assessment content than the KNSC. The English test papers appeared to have 
discrete scientific investigation showing in a variety of questions whereas Korean 
test papers contain scientific enquiry questions concentrated in the area of 
interpretation of data. Although the proportions of scientific enquiry questions in 
both countries are similar with 20-40% overall, yet English test papers in 2004 
show an increased proportion of scientific enquiry questions whereas the Korean 
test papers remain more or less the same as those of 2003. Thus, the greater 
proportion and variety of questions in the English test papers reflects the policy 
to empower scientific enquiry in the national curriculum. 

Under assessment driven school curricula, assessment content directly affects 
teachers teaching in practice. The analysis by Bloom's taxonomy shows that 
more Korean questions fall into higher cognitive domains. Korean test papers 
contain more mathematical content and abstract forms including laws, principles, 
theories and so on, whereas more English questions were found in the lower 
cognitive domains. The Korean teachers acknowledge that they are teaching· 
science too difficult for some 14 year olds to understand, yet, they show a strong 
belief in the need for pupils to develop conceptual enquiry by emphasising the 
importance of practising the process of problem solving by repetitive 
explanations. By contrast, the English teachers are familiar with the questions, 
which originate from the empirical nature of scientific enquiry because they 
engage in practical work for at least half of their science lessons. 

Neither group of teachers appears to teach in a way in which to enhance pupils' 
scientific enquiry abilities by scientific investigation, whole group discussion or 
research. Rather the English teachers expect that pupils would gradually build up 
their ability to carry out scientific investigation by doing practical work and they 
do not necessarily teach the elements of the nature of science. By contrast, the 
Korean teachers recognize the importance of scientific enquiry and agree that 
English KS3 questions would be good at enhancing pupils' scientific enquiry 
ability. Yet they show resistance to doing more practical work. The causes of 
teachers' resistance stem from assessment related issues, lack of facilities and 
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pressure of the timetable. More importantly, the Korean teachers hold a strong 
belief about conceptual enquiry and the importance of science knowledge: they 
believe that pupils need to have some basic knowledge to use with their process 
skills 

In this respect, Korean assessment content has been more problematic in terms 
of the narrow range of scientific enquiry questions and least reflection of the 
aims of the national curriculum as well as questions demanding too high 
conceptual understanding. On the other hand, scientific enquiry questions in 
English assessment content are mainly skill based with a relatively lower 
cognitive level, which may lead to pupils' poor understanding of science concepts. 

For the KNSC, prior to the incorporation of scientific enquiry in assessment 
content, the aims of the national curriculum needs to be reflected more fully in 
the national curriculum content. This is because the assessment content is 
closely related to the curricular content, the curricular content may need to bring 
more scientific enquiry into the conventional curricular content or assessment be 
given new content in order to reflect the aims of the curricula to the assessment 
content. In order to do this, the elements of scientific enquiry need to be 
included as statutory in the national curriculum rather than as non-statutory or 
simply as a recommendation. Eventually, scientific enquiry would need to be 
incorporated into examination questions with a varietY of scientific enquiry 
questions. 

Both groups of teachers appear to have misconceptions about the term 'scientific 
enquiry. English teachers are satisfied that they are covering scientific enquiry by 
doing practical work whilst minimizing the importance of conceptual enquiry. 
Korean teachers put more emphasis on conceptual enquiry but are under 
constraint because they feel they should be doing more practical work to fulfill 
the teaching of scientific enquiry. These misconceptions underline the need for 
clarification of the term scientific enquiry. 

There is also a need to develop good assessment items, which can reflect more 
fully on the aims of the national curriculum, which can be a major determinant in 
encouraging teachers to teach scientific enquiry. Both groups of teachers indicate 
that they would prepare their pupils in similar ways if they were to teach each 
other's sets of questions. This may suggest that assessment becomes a major 
determinant in the teaching of scientific enquiry and that teachers are prepared 
to modify their teaching given appropriate assessment techniques. Both groups 
of teachers can be encouraged to teach the elements of the nature of science 
and scientific enquiry explicitly rather than expecting pupils would acquire 
automatically during their practical work. 
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In terms of teachers' views about the nature of science, their perception about 
the aims of teaching and their opinions, both groups of teachers show more in 
common than the findings from documentary analysis would suggest. Both 
groups of teachers show unrefined views about the nature of science. Yet the 
Korean teachers tend to have exposure to the nature of science in their 
education and seem to show more considered views of the nature of science as 
well as in their answering of the items concerning their perceptions about aims 
for teaching science, doing practical work and teaching scientific enquiry. The 
majority of Korean teachers also recognise the causes of mismatch as being due 
to the lack of understanding of scientific concepts and pupils having not' enough 
skills in carrying out scientific investigation. In addition, they also show their 
commitment to their pupils' learning by repeating explanations over and over 
again. They would even teach skills or the elements of scientific enquiry explicitly. 

By contrast, the majority of the English teachers express misconceptions and 
inadequate views about the nature of science. English teachers appear to be 
content with their routine way of teaching but would agree to introduce more 
scientific enquiry into their teaching as they appear under less pressure with 
assessment and have fewer constraints to cover curriculum content. The 
majority of English teachers do not consider the causes of this mismatch to be 
the scientific concept and the investigation not being related rather they point 
out that the investigations are being carried out within limited time and space. 

Korean teachers show less confidence in teaching scientific enquiry, and there is 
more pressure because of target attainments set by schools. They express that 
they are not content with the routine way of teaching. They also express their 
conflict between the views about the nature of science, their perceptions and 
their practices in the classrooms although they have slightly better views about 
the nature of science. 

However, teachers' views about the nature of science and perceptions about the 
aims of teaching appear not to be major determinants for teaching scientific 
enquiry. Rather, these views are more related to teachers' philosophical stance, 
attitude, confidence and resistance. Even if these views are not major 
determinants of practice, it is necessary to improve teachers' views about the 
nature of science and scientific enquiry, including how to enhance pupils' 
scientific enquiry ability and clarifying the empirical and the conceptual nature of 
enquiry. 

As educators from both countries point out, implementing more scientific enquiry 
is a complex process (Osborne, et ai, 2003; Kim J H & Lee M K, 2003). Various 
factors interlock with each other such as the aims, content and assessment, 
teachers'views, perceptions, opinions as well as facilities, timetable and so on. 
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As a comparative study, this study has attempted to provide some explanations 
and identify the factors, which can be connected to the results in TIMSS as an 
international achievement test. This study indicates that the achievement results 
may be used with caution. Yet, this study has not shown clearly why pupils from 
both countries perform highly in TIMSS and why Korean pupils have performed 
better. 

Along with TIMSS survey, this study indicates that the aims of the national 
curricula and teachers' opinions are heading toward similar directions which may 
reflect a hint of globalization in science education from both countries. 

In terms of theory- practice interface, the conceptual framework shown in figure 
31 (section, 8-6) can be changed to show how assessment policy and practices, 
rather than pedagogical principles, impinge on teachers' perceptions on teaching . 
for understanding of scientific enquiry. Under assessment driven school curricula, 
the content of examination papers directly impinges on teachers' 'tacit 
knowledge~ This research suggests that the link between principles of teaching 
and assessing and 'tacit knowledge' is weaker. Thus, the conceptual framework 
becomes skewed toward 'Educational. Theory' (Principles) as impacting on 
teachers' practice rather than a balance between 'Educational Theory'(Principles) 
and 'Fundamental Educational Theory~ There is a need to redress the balance 
towards development of effective pedagogy in teaching scientific enquiry. 
Agencies developing assessment items should appreciate the impact which item 
design has on teaching practice. 
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Appendix (Chapter 4) 

Appendix 1 

Table 1-1 Cells in the ENSC 

* A simple model for cells 
* Common features and differences 
between animal and plant cells 
* One cell organisms and mUlti
celled organisms 
* Grouping of similar specialised 
cells 
-cells-->tissues-->organs-->organism 
* Fertilisation as joining sex cells 

* To understand all cells need 
nutrients 

-Main nutrients in the body 
-A balanced diet 

* Digestion 
(enzymes, breaking down of 
large molecules, digestive 
system) 
* Circulation 
(in transporting the products of 
digestion to cells) 
* Respiration 
(how cells obtain energy through 
respiration, aerobic respiration in 
animals and plants) 
* To classify Bacteria, Fungi, and 

Viruses. 

* To describe and explain respiration by using 
a word or symbol 

* To describe Photosynthesis 
-As a source of biomass 
-That other nutrients are used to produce 
proteins and other substances as fertilizer 
-How leaves and roots are adapted to their 

function 
-Conditions in which plants grow well 
-Distinguishing between photosynthesis and 
respiration 
* Nucleus in a cell contains genes 

Fertilisation 
Selective breeding 

*To Explain how multi-celled organisms 
survive well only if all their parts work well 
together 
-Immunisation 
-Disease 
-Classifying Bacteria, Fungi, and Virus. 
-How smoking, alcohol and drugs affect our 
body. 
-How exercise affects human body 



Table 1-2 Cells in the KNSC 

*A simple model for cells 
*Common features and 
differences between animal and 
plant cells 
*One cell organisms/multi-celled 
organisms. 
*Cells-> lissue->Organ->Organism 

*3main nutrients for our 
body 
* Digestion 

- Enzymes 
- Digestive systems 

* Circulation 
Blood 
Composition of 
blood 
Circulatory system 
heart 

* Respiration 
Respiratory system 
Structure of lungs 
Exchange of gases 

-How cells obtain energy 
* Excretion 
-Excretory systems 
-How metabolism works in 

human body 
-How human waste is 
produced 
-Function of kidneys/ Sweat 
* Respiratory related 
diseases - smoking 

* Inheritance and evolution 
Mendel's law 
Mixed inheritance 
Various features of inheritance in humans 
(blood types, colour blindness) 
Mutation 
Family tree, genes 

* Evolution, various theories 
* Reproduction/ Development 
-How living things grow/reproduce by cell division 
-Comparing body cell division to sex cell division 
-Action of chromosomes 

* Various ways of reproduction: 
-A sexual reproduction 
-Sexual organs of humans (The process of 
fertilization, development, pregnancy and delivery 
among mammals) 
The process of fertilization, development of 
endosperm 

* Stimulus/ Response 
-Structure/function of sense organs (eyes, ears, 
nose, tongue, skin) 

-Structure and function of neurones and the 
nervous system 
-The process of response to stimuli 
-The mal effect of drugs relating to the nervous 
system . 
-Function of hormones (in pregnancy) results of 
deficiency/excess of hormones 
-Exercise/health (contracting and relaxing of 
muscles, disease, smoking, drugs, alcohol, obesity) 
* Structure/function of plants 
-Structure of roots, process of absorbing water and 
nutrients and factors affecting growth of plants 
-Structure of stems and their function 

-Differences between double seed plants and 
single seed plants 
-Structure of leaf (evaporation, respiration and 
photosynthesis) 
-Structure of flower and its function 
-How seeds are produced 
-Various seeds 



Appendix 2 

2-1 Particles in the ENSC 

*A simple particle model for solid, 
liquid and gas 
-The size, arrangement, proximity, 
attractions and motion of particles 
-The relationship between heating 
and movement 
*Why? 
-Compressibility 
-Heating and expansion 
-Diffusion 
-Changes of state 
-Mass conservation when 
substances dissolve to form 
solutions 
-Temperature and solubility 
-The formation of a saturated 
solution 

*To explain movement of substances 
through cell membrane using the simple 
particle model. 
-How crystals form and that slow cooking 
results in the formation of larger crystals 
from molten material and solutions 
*To describe a more sophisticated particle 
model for matter 

Atoms 
Elements 
Compounds 

-Atoms and combinations of atoms 
(represented by symbols and 
formulae) 

* To explain how chemical reactions take 
place using the more sophisticated 
particle model. 

2-2, Particles in the KNSC 

* Three states of materials 
-Evaporation, 
-Liquefaction, 
-Solidification 
-Melting and sublimation 
-Changes of states 
-Models of molecules 
-Changes of molecules 
-States of materials and 
arrangement of molecules 
* Movements of molecules 
-Evaporation and diffusion 
-The relationship between volume 

and pressure of gases 
-The relationship between volume 
change and heating 
-Changes of states and energy 
-Temperature change: state 
changes 
-Heat energy: molecules' 

movement 

* Properties of substances 
-Boiling point, melting point, density and 

solubility 
* Chemical changes and compounds 
-Oxidation 
-Chemical changes and physical changes 
-Compounds and mixtures 
* Chemical reaction 
-Mass changes in chemical reaction 
-Mass preservation law 
*Atoms 
-Atomic number 
-Atomic symbol 
-Metals/non metals 
-Flaming reaction/spectrum 
-Atomic model 
* Molecules 
-Gas reaction law 
-.Avogadro's law 
-Size of molecule and chemical formulae 
-Chemical equations 
* Molecular movement 
-Molecular movement 
-Pressure and volume 
-Temperature and volume 

*To Identify evidence that a chemical 
reaction has taken place. 
*Modelling chemical reactions by 
rearrangement of atoms. 

A+B->AB 
AB+CD->AD+CB 

* To use the particle rearrangement 
model 
-Predicting the names and formulae 
for products that 
-Writing words and symbol equations 
for simple reactions 
-Explaining why mass is conserved in 
chemical reaction 
-Explaining how acids react with bases 
and neutralisation occurs 
* To describe how metals react with 
oxygen, water, acids and oxides, 
solutions of salts of other metals 
*To identify differences in reactivity of 
metals to 

* Chemical reaction 
-Electrolyte, non electrolyte 
-Reaction of ions 
-Electrolysis 
*Oxidation and reduction 

By flaming 

* Alkali 

* Acids 

By movement of ions 
Metals and acids 
Oxidant and reductant 

Properties 
Strength 
Various bases 

Properties 
Strength 

- Various acids 
* Salts 
* Neutralization 
* Movement of ions and chemical 
batteries 



Appendix 3 

3-1 Forces in the ENSC 

* Explore the forces acting on 
stationary objects 
* Describe the forces acting on 
objects moving at constant speed 
* Distinguish between mass and 
weight 
* Describe some ways of reducing 
friction between an object and a 
soil surface 
* Some situations in which friction 
is useful 
* A force has both magnitude and 
direction (identifying the directions 
and balancing forces) 
* Forces can change the shape of 
an object 
- The direction of a moving object 
- The speed of a moving object 

*To understand magnetic 
materials and their properties 
including forces of attraction and 
repulsion 
* To understand the pattern of 
magnetic fields 
* To understand how to produce 
permanent magnets/electro
magnets 
* To predict how the magnetic 
field pattern changes when the 
strength of an electromagnet 
increases 

3-2 Forces in the KNSC 

* Various forces and how to measure 
them 

Elastic power, friction, 
magnetic power, electric 
power and gravity 

-How to measure forces, 
-the unit of forces 

* Moment 
-Work using pulleys and pivots 
- Work at a slotted ground 
-Potential energy 
-Kinetic energy 
-Energy preservation law 
* Work/energy 

* To use friction in liquid and gases to explore 
how resistance to an object moving through 
changes with the object's speed and shape. 
: explain how streamlining reduces an object's 
resistance to air and water. 
* To recognise how the moment is related to 
the size of the force and the distance of the 
force from the pivot 
:use moments to explain how a simple object 
can be balanced. 
*To recognise how the effect of a force 
depends upon the area. 
The pressure exerted by solids 
The pressure within liquids and gases 
* To recognise gravity 
: How weight is different on different planets 
: How stars, planets and natural and artificial 
satellites are kept in position in relation to one 
another. 
* Pressure (by sol ids) 

-Within liquid/gas how the effect of forces 
depends upon the area to which it is applied 
and that the 

* Various motions 
-Motion without force 
-Motion with changing speed 
-Motion changing direction 

-How to describe motion by time, 

-How to measure forces using a 
spring balance 

-How to measure work by using t ime 
and force (lifting, pulling) 

changed direction and law of inertia 
-How to measure the dropping time of 
water drops 
-Finding out the point where on object 
drops in a moving bus -Composing two forces to show ways 

in which forces are balanced or 
unbalanced 

-Unit of work 
-Efficiency of work and the 
relationship between work and kinetic 
energy 



Appendix 4 

*To identify fuels 
-Use of fuel by living and non-living 
-uses of electricity as a resources 
-To explain why conservation of fuels 
is important due to being finite 
resources. 
-To use a simple model of energy 
transfer 
-The transfer stage in a range of living 
and non-living systems 
-The purpose of cells in an electric 
circuit 
-The electric current carries energy to 
components in a circuit. 
-That energy is transferred to 
components in both series and parallel 
circuits. 

*The primary school curriculum 
contains similar content on 
conservation of fuels 
*Similar content concerning electricity 
is covered in yr8. 
*Light 
-Reflection, refraction 
-Observing the light disperse through 
a prism or a spectrum 

* Waves 
-Types of wave 
-Ways to mark a wave 
-Properties of waves 
-Water wave 
-Reflection/refraction of waves 

* Sound 
-Strength of sound 
-High/Low tune 

*To describe energy transfer in 
different temperatures 

-Heating 
-Changing temperature 
-Radiation 

*To recognise that when light travels 
from a source it is transferring energy 
-Describe the nature and propagation 
of light 
-The behaviour of light 
(reflection, absorption) 
To recognise when sound travels by 
vibrations from the source, it is 
transferring energy. 
-Transmission, production 

reception of sound. 
-Amplitude, 
frequency 
*Energy and particles 
-To explain energy transfer using the 
particle model 
-The process of 
conduction, convection 

and evaporation 
-What happens when substances 
change state 
-Thermal conductor 

and insulator 

*Some of this work on energy/light 
comes under particles. 
*Some part of this work on particles 
is done in yr7 
*Electricity and energy 
-Electricity and heat 
-Electrical power 
-Series circuit 
-Parallel circuit 
* Electromagnetism 
-Magnetic bar 
-Electromagnet 

*To recognise energy conservation 
idea. 
-Explain energy transfers in familiar 
situations 
-Energy efficacy and energy 
dissipation 
_Develop from a simple model of 
energy transfer in electrical circuits, 
the idea of potential difference in 
electrical circuits. 
*To use the model of energy 
conservation 
-the potential difference measured 
across cells or components. 
-Electrical energy can be generated 
using fuels. 
(involving energy transfer, 
environmental effects) 

*Work and energy 
-Energy transfer and energy 
preservation 
-Work and heat energy 



Appendix 5 

* To understand classification of 
organisms by their r similarities and 
differences 
* To Identify some of the main 
taxonomic groups of animals 
* To understand about food chains 
*To describe ways in which organisms 
are adapted to daily or seasonal 
changes in their environment and to 
their mode of feeding 

None 

*To Identify some of the main 
taxonomic groups of plants and 
describe common features 
*To explain interdependence and 
energy 
-To explain that energy is transferred 
between organisms in food chains and 
webs 
-To relate the abundance and 
distribution of organisms to the 
resources available within a habitat 
-Begin representation of this using 
pyramids of numbers 

None 

*To understand the importance of 
photosynthesis for humans 
* To know why maximising human 
food production can significantly affect 
other animals and plants 
*To know the effects of pesticides, 
weed kil lers and the accumulation of 
toxins in the environmental system 
* How pyramids of numbers represent 
feeding relationships in a habitat 
* To explain physical, chemical and 
biological factors in changing habitats 
* To describe a model for the whole 
environment 
-how the materials making up all living 
organisms are recycled - how energy 
f rom sunl ight flows through the 
system 
- use this to explain the need for 
sustainable r1PI/plrlnrr,pnl 

* Environment/humans 
-What is adaptation 
-To know the relationship between 
organisms and environment 
-Composit ion of ecosystem 
-The importance of photosynthesis 
-Provider, predator, decomposer 
-Food chain and food pyramid 
-Circulation of matter in ecosystem 
-Balance of ecosystem 
* Environment and humans 
-Growth curve 
-Pyramids of numbers represent 
feeding relationships in a habitat 
-Population growth 
* Pollution (air/water/ soil) 
-Pollutants 
-Acid rain, smog, green house effect, 
destruction of ozone layer 
-Accumulation of heavy metals 
-Heavy metals, fertil izers, and 
pesticides 
* Preservation of resources 
-Preservation of nature 
- l-rn<;IJ'c:tpm +-+ I 



Appendix 6 

6-1 Earth in the ENSC 

*To understand the solar system and 
beyond 
- To explain phenomena such as 

eclipses and the seasons 
- To learn that planets and satellites 

are seen by reflected light whereas 
the sun emits light. 

- To compare the sun with other stars 

6-2 Earth in the KNSC 

*The structure of the Earth 
* Materials of the Earth's crust 
_ Materials of the Earth crust 
-Rocks 
-The changing surface of the earth: 
weathering, erosion, transportation of 
soils and underground water 
-The changing surface of the Earth ; 
Wind, ice, sea, water 

* Rocks and weathering 
-To classify different rock 
types and to explain rock texture, 
-To understand the processes of 
weathering, erosion, transportation 
and sedimentation 
-To understand and to relate the 
processes of evaporation and 
dissolving, involved in rock formation 
* The rock cycle 
-Major rock forming processes 
-Use the concept of rock texture as 
one of the key characteristics of 
igneous, sedimentary and 
metamorphic rocks 
-Related processes 

* Radiant energy 
* Radiant energy of the Earth 
*The composition of the atmosphere 
and atmospheric pressure 
*Water in atmosphere 
* Clouds and rain 
* Circulation of atmosphere 
* Composition of sea water 
-Movement of sea water 

* Changing weather 

* Gravity and spaces 
To recognise gravity 
: How weight is different on different 
planets 
: How stars, planets and natural and 
artificial satellites are kept in posit ion 
in relation to one another. 

*The size of the earth, moon and sun 
* Rotation and revolution of the Earth 
* Revolution of the moon 
*Appearances of the sun and the 
earth 
*The solar system 
*The movement of planets and thei r 
orbit 
* Stars 
* Space and galaxies 



Appendix (Chapter 5) 

Appendix 7 Bloom's taxonomy 

*Recall of specific bits of 
information 
*Knowledge of specific symbols 
*Knowledge of specific facts 

*Explanation or summary of a 
communication 
*Extrapolation-extension beyond 
the given data to determine 
implications, consequences, 
corollaries. 
*The use of abstracts in particular 
and concrete situations 
*example the ability to predict the 
probable effect of a change in a 
factor on a biological situation 
previously at equilibrium 

*Breaking information down 
*Contrasting information 
*Seeing pattern 

*Putting together of elements and 
parts so as to form a whole 
*Arranging and combining them in 
such a way as to constitute a 
pattern or structure not clearly 
there before 

*Comparing and discrimination 
between ideas, 
* Summarising ideas 
*Making choices based on reasoned 
argument 
* Verifying the value of evidence 

*A blood clot may stop an organ working properly. 
Give one reason for this.(3-6-1-2004, ques.3-b) 
*Followings are classified by cell division methods. 
Choose the right explanations(common-2004-ques.35) 

*The diagrams below show symbols for a battery, a 
bulb and a switch . Connect the symbols to make a 
series circuit (3-6-1-2004, ques. 7-a-2) 
*The drawings show pulleys to lift a mass M matter. 
Works has been done at A and B pulling down 5 m. 
What is work at B? 

(Common-2004, ques.27) 

*Look at their bar charts for investigations 1 and 2. 
How can you tell that they used different numbers of 
pupils in each investigation? ( 3-6-1-2004, ques. 2-e) 
* Drawing A and B are experiments showing the 
current, volt and heat. Choose the right 

*Imran as witch to the circuit so that he could 
turn all three bulbs on and off at the same time Place 
a letter S on your circuit diagram where this switch 
could be placed. (3-6-1-2004, ques. 17-c) 
*The graph shows the mass of copper oxide after 
copper is oxidised. Choose the right explanations in 

* Harry and came to the following 
conclusions. Explain why Yasmin is better than Harry's 
conclusion. (3-6-1-2004, ques.ll-c,d) 
* Following table is shown changes in the colour of 
barks and the numbers of butterflies after industrial 
revolution in England Manchester. What is the best 

the nnam-2 



Appendix 8 Kloper's specifications 

~~~~~'iii"F'fi'T"'CW.~1 ~ 0..!@ £; s ~~I' @,g.1lQ).!ll!:,, " ",.' f, : ~~~f"g-,~~~ ~:llIm~IEf~l!iJ~ '§;;';:'" '. ihli: ~ , ..' " ' . '~-rrhl~'B~ ~ ~. ,_aJi!!!. ' as . ."" '" 
Knowledge and Comprehension a 1 specific facts 3-6-1-2004,l-b-l 

(al- all) 
a2 scientific terminology 3-6-1-2004,4-b-l 

a3 concepts of science 3-6-1-2004,l-a-l 

a4 conventions Common-2004,48 

as trends and sequence 3-6-1-2004,7-b-l 

a6 classification categories and criteria 3-6-2-2004,8-a 

a7 scientific techniques and procedure 3-6-1-2004,4-b-2 

a8 scientific principles and laws 3-6-2-2004,lO-a 

a9 theories and major conceptual schemes 3-6-2-2004,10-6-e 

alO identification of knowledge in a new context 3-6-1-2004,s-a-2 

all translation of knowledge from one symbolic from another 3-6-1-2003,ls-b-2 

Processes Observing and bl observation of objects and phenomena 3-6-1-2004 2-c 
of Measuring b2 descriptions of observations using appropriate language 3-6-2-2004 17-a 
Scientific (bl-bs) b3 measurement of objects and changes 3-6-1-2004 ll-a 
enquiry b4 selection of appropriate measuring instruments 3-6-2-20047-c 

bs estimation of measurements and recognition of limits in 3-6-1-2003, ls-a-l 
accuracy 

Seeing Problem and cl recognition of a problem 5-7-1-2004 14 
Seeking ways to Solve it c2 formulation of a working hypothesis 5-7-1-200414 
(cl-c4) c3 selection of suitable tests of a hypothesis 5-7-1-200414 

c4 design of appropriate procedures for performing experiments 5-7-1-200414 
Interpreting Data and dl processinq of experimental data 3-6-1-2004-2-d 
Formulating d2 presentation of data in the form of functional re lationships 3-6-1-2003 9-b-l 
Generai[sations d3 interpretation of experimental data and observations 3-6-1-2004 s-b-l 
(dl-d6) d4 extraQOlation and interpolation 5-7-2-2004 10-b-l 

ds evolution of a hypotheSiS under test in the light of data 3-6-1-2004,ls-c 
obtained 

d6 formulation of generalisations warranted by relationships Common-2003,41 
found 

Building, testing and el recognition of the need fro a theoretical model None 
Revising Model(el-e6) e2 formulation of a theoretical model to accommodate knowledge 

e3 specification of relationships specified by a model 
e4 deduction of new hypothesis from a theoretical model 
es interpretation and evaluation of test of a model 
e6 formulation of a revised refined or extended model 

Application of Scientific Knowledge and fl application of new problems in a different field of science None 
Methods 

f2 application to problems outside of science (fl-f2) 

Manual Skills gl development of skills in using common lab equipment Common-2004 28 
(gl-g2) g2 performance of common lab techniques with care and safety 3-6-1-2004 6-b 
Attitude and Interests hl manifestation of favourable attitudes towards science and None 
(hl-hs) scientist 

h2 acceptance of scientific enquiry as a way of thought 
h3 adOQtion of scientific attitudes 
h4 enjoyment of science learning experiences 
hs development of interests in science and related activities 

Orientation il development of interest in pursuing a career in science 
(il-i6) i2 relationships among various types of statements in science 

i3 recognition of the philosophical limitations and influences of 
scientific enquiry 
i4 historical perceptive' recognition of the background of science 3-6-2-2004 17-b 
is realisation of the relationships among science, technology, 3-6-2-2004,17-b 
economics 
i6 awareness of the social moral implications of scientific enquiry 
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Eng 3-6-1-15-2004 

- _., .... 

Al~n -~'Pt ~itest"tubeciobt~lt.lihg-:SO!id ,steat:icacid ;fntcmi'be$.eriof,e01Q-'wat~r#. ;;-:;' .. 
He!1$atep'7the wat,e.r~~.i.j. lft;;b6,11et;l;;-.'. , ., '.i'.r., ,'< . "~'.";';!;,,,,~ .• C 

,", ,....:. -"1 ,. ~-- .;, 

'-~-



Appendix 9 

Eng 3-6-1-15-2004 
_ · ....... 4. __ • • .... __ . -. ~ •• _ ...... 4 __ • 

< {i) yVhief'r letterdn'it~~>grMP .pPQ!:J§iW~ffgWs. !hlH!Gint.atwhltfL 
-the: stearic acid began to«h1~~<f:lf~::~t~~er ':/, '. . 

.;.. -,. 

,', . 

. Th~t~st~tUb~i tr~f;l~ief:~: tHerm~~hnergy~JtQrrtt~e·:~?'~~JP .VW ~ti~k ~'ql~, •. ;~· 
,...... . ~, 4 -,;.- . ..- •..... - .. '_"~" .. ;': , .. _ . '. ___ ' _._'" .,-;:-:.· •. ~4 ,~~.·~:.:_-r'" -' .... I,iI;-t",. 
' ';_ !:o J. 

:. ';' §Y;iw~ii£:niet~od t£ most 6ftneitiilrtnaLenefily.trair5: err~~W 
'(,,:;ill~:~p<_¢pr~tb.qx.. . . .' - .. : .. ,.>~ /., 

evaporation 



Appendix 10 
5-7-2-10,2004 

, 10. - The drawing-below'showsa solar panel fixed to the roof .of a house in Brjtain. 

(a) Daniel measured the energy output from this solar panel during ,one 
day in JUIJ9. ;The. graph.be.low. shqws his ~esults . . 

' .. , .. time?! ~ay 

(i). Why does the energy outplit from the ~olar panel vary during the day~ 

. (iii :-Di'iniel 'used the solar pimel to run arnotor. 
- · ·. Tfll~motor-rieeds 0.7 kJ/s to run at full speed . 
. (js~the graph to'find how long 'Daniel's motor would run at fun:sp~d. 

. :' . , '~', .:. 

20 

. i.!·: 
" . 

'.;'. }-

"-;.~ , 



(b) Daniel measured the energy output from a different'solar paneL 
This type of solar panel turns so-that it alWays facesihe Sun; 

0_8+-~, -+---+~~~~~~+-T-~~~~-4-+-+-+~ 

energy -l 
Qu\putO. 6 +-....;i--l-......J'---'f---+-l--~l--.;.-'-+-'--+-'-'+=-+.,.-+-'-I-4C'i--I--I--+--+--I 
(kJ/sf '," 

+ l--'--I--
a . 

" 

_ 2am . 4am .6am· 8am 10am noon 2pm 4pm 6pm 8pm 10pm 12pm 
. , . . ~... .. . 

. lime of day 

.' -, 

(0 'On the graph ~tto~e 9raw: another cutye to s.hmy, how the energy output 
) or) t:).i.s llolar pariel migJ:1t vary PtT $uta'y' it:'! inid~Wirit~r. . 

~OBetween 7am and 7pm the solar'panel turns thrqugh an angle of 180·. 
-Calculate the an-gle the solar panel turns through'each hour . . 

- .. "'J ~,.. - , • • ~ '" • - • 

~ ____ ~_-'--_ _ -,-___ _ -:-______ degrees 
" 

.' .~' 

21 

I· 

Dl~'~ 
. t.' 

1 ma~ - . '.~ 



Appendix 11, 
3-6-1-6-2003 

6. The table below gives Information about three fuels that can be used in Cal'S •. 

"r shows a substance is produced when the fuel burns. 
X shows a substance is not produced when the fuel burns. 

energy some of the substances produced 

fuel physical released, when the fuel burns 
state in kJlkg carbon sulphur 

monoxide dioxide 
water 

petrol liquid 48000 ,/ ,/ ,/ 

hydrogen gas 121 000 X X 

ethanol 
liquid 30000 ,/ X (alcohoO 

(a) Which fuel, in the table, releases the least energy per kilogram (kg)? 

(0) Some scientists say that if hydrogen is bumed as a fuel thete will be 
less pollution. 
From the information in the table, give one reason why there will be 
less pollution. 

,/ 

,/ 

{cJ Which cftne three fuels in the table can be compressed Into a small 

container? 

12 

1 mark 

1 mBrk 

1 mlirk 



Appendix 11, 
3-6-1-6-2003 

3-6.1-2003-6b 

(d) Which gas lnthe.air is needed for fuels to bum? 

(e) 

Tlck1ile correct box~ 

. carbon dioXide 

nitrogen 

.oxygan 

water vapour 

o 
o 
o 
o 

Petr:ol~d'Elthanolare botfi fuf!ls. Petrol is made froni oit 
SCle;;tis.tss~y that oil could runeout in 100 years. . 
l!lsoma countries people plant sugar cane and use it to make ethanol. 

Sugar.c~~ will not run out •. Explain why . 

.• ;:; 



Appendix 12 , 
Common-30-2004 

30 The graphs show the curves of solubility in several solid materials. Choose 
the incorrect explanation about the graph. 

r--. 
g 
'--' 

C 

<0 

1"1 

C 

a 
1"1 

t 
i' 

~. 

t 
1 
<0 

n 00 1-00 
Tarnpem1ure ~ 'U ~ . 

1) Solubility of solid increase as it temperature goes up. 
2) Potassium nitrate shows the biggest change in solubility following the 

temperature change. 
3) As 30g potassium chloride dissolve in water 100g, it will be saturated 

solution. 
4) Sodium nitrate shows the highest concentration of saturated solution in 60. 
5) The mixture of potassium nitrate and sodium chloride can be fractionated by 

separated crystallization. 



Appendix 13, 
5-7-2-15-2003 

5-7-2-2003-15 

15. A group .of pupils recorded some different characteristics of pupils irHheir class. 

The table below shows their results. 

name ·gender height; mass, hand .. arm eye 
in em in kg span, in span, in colo.ur 

em cm 

Julie girl 152 ' 48 17.2 160 ·plue\ 
Laura girl 157 · 54 15.0 141 green 
Aftab boy 159, 49 . 18.4 172"- brown 
Jenna girl 144 46 17.4 161 ,j hazel 
Barry boy I ·148:- 49 17.4 162( blue 
Oliver boy 17Z · 57 21 .5 204' brown 
Safina girl '1 55 48 16,8 158 brown · 
Maria girl 154 50 17.9 166 green .. 

Anianat girl 162 ~6 16.2 150 brown 
Jh.omas I boy 157 4!l 19.9 186 blue 

(a) Oliver conclUd?cf that boys do not have green eyes, 

Explain why his conclusion is not justified. 

(b) . Name two continuous v.ariabl~ in their table, . 

1. ______________________ __ 

2. ________________ ~ ______ __ 

.,'j::: . 

. KS3/03lSclTier .~-7/P2 .28 

1 mark 

1 mark 



Appendix 13, 
5-7-2-15-2003 

[v.is 

5-7-2-2003-1Sb 

(c) Look at the scatter graphs below. 

210 

200 

190 
i;lrm 
span, 180 
in em 170 

160 

150 

140 

22 
21 

20 

hand 19 
span, 18 
in em 17 

16 
15 

14 

graph A 

x 

x 

• . 
x 

140 150 160 170 180 
height, in em 

grap he 
x 

, 

, 
x 

1 x . 
J( 

"1'-~4 

x I 

I - -: 
I 

210 

200 

190 
arm 
span, 180 
in em 170 

160 

150 

140 

22 

21 

20 

19 
arm 
span, 18 
incm 17 

0 

0 

0 

0 

0 

0 

0 16 

15 

14 

0 
n 

graph B 

- x -

! -
I • 
"i ' 

x 

15 1617 18 19 2021 22 
hand span, in em 

graph 0 

• 

x 

x 

x 

i 
140 150 160 170 180 

height, in em 
46 48 50 52 5456 58 60 

mass, in kg 

Use the data in the scatter graphs to show whether each of the conclusions 
below is true, false or you cannot tell. 2 marks 

conclusions 

Graph C shows that the shortest pupil has the 
smailEist hand span. 

GrePI1 Bshowsthe strongest correlation between 
two variables. 

i/,,~hA looks si,milarto graph C because of 
\>~high correlation of arm span to hand span. 

""';~~~""~aregenerallY taller than girls. 

29 

true or false or cannot ten 

maximum 4 marks 



Appendix 14 
5-7-1-14,2004 

, ' 

'~ 

• I " 

Scientist!> at the University of Leeds have found a way to modify th~, geoes of 
, flowering plants. 

, .;,They clalm that flowers from modified plants remain fresh in a vase:ofwate( ' 
for up to six months longer than flowers from unmodified plants. 

Plan an investigation you ~ould carriout in the, sChool laboratory to test 
, the claim thaf flowers : from modified plants ,last for ~much longer than 
flowers from unmodified 'plants. 

You will be provided with flowers from modified plants and from 
, un'!l0dified plants . 

. ~: ., ~; 

. ,. ... ':' , 

:,, 1"': ~~~94/scmer s:.7/P1 28 

'''''' . 



Appendix 14 
5-7-1-14b,2004 

In' y,ourpian give: '# r .' ' .. ~::. 

the one tactor you will change as you carry out your investigation; 
(This is the independent v':uiable.) ,,', t "" 

the fpctor you will measure; 
(This is the ,dependent variable.) 

" one, af the factors you"~hould contrpl to ensure a fair test; 
• • :, th,e:'tlrha- scaJefor the:)n; e:stlgatibn;" :' f."",!'~',,; ,, " 

maxin-fUm 4 marks 

KS3JOll/Sc/fier 5-7/P1 29 

0 14 

I.m.if<-' • 

'~14 l.i:J 
I-mall< " 

, [J l~ 
1 marl< ' , 

[]1+ 

'\ To\a! 

D ' 
4 



Appendix 15 
3-6-1-5-2004 
I ftl 
! !r 

!" 

;'1 

j 
j 
i 

I 

I 
:~; 

5. The diagram below shows 'Part qf the humawe1Ir: . 
.L".'.' 

'. 

We canhearsor'mibody speaking because sound waves enter our. ears. . .:,' . ,. ~ .:.. .. ~.:. .-'~ 

'. "; 

(a) (i) What do our, eardrums do when sound Waves reachthem? 

(ii) Sometimes a Ibt of wax is produced in the ear., 
Thewax rests against the eardrum, :as' sff6wn aBove. 

Give one reaso'!) why we canno!jlear very well when our ears 
contain a· lot of'waX. ....' ;_ ., c< -:, ~ 

. -' -.~7·'..rr} . "." .~, '!~: . , - '. ..;.;...~" 

10 

Appendix 15 3-6-1-5-2004 

" 

,:r~:t' 
,.,.,' .. \" ", 



The table below. shows the lowest and highest freque~es that f ive 
,' living things can hear. ' 

, dog 

cat 

, rabbit 

Ib'tY~st 'f.requency 
(Hz)' . "'\<C . ":' .. J 

'. ",:,:r ', 20 . 

, . ,~ 
, 20 , 
" 

300 

highest frequen~y 

'"/''' 
, (Hz) 

20000 

. ';.~; 20000/ , 

45,000 

64000 

42000 

-. ,...~ . 

!.-.:>:./' 

(i) Which ~hree living things from the table cannot hear a frequency or" • 
. 43 000 Hz? , . 

___ ____ and ___ ____ and """--'-' _--"-''''---''---_ 

(iQ From the table, choose the living thing that can hear the biggest 
range of frequencies. 

" maximum 4 marks 

KS3/Q4/Scmer 3-6/P1 11 

1 mart. 

. 1 mar~ 

TotaL 

D 
4 



Appendix 16 
TIMSS-2003-7 

UniqueID S032712A Subject 5 Grade 8 MSBlock 510 MSBlockSeq 09A 
, 

r-----------------·-·--··-------------l 
! T'h.u ~icntj:;.;Jjj lnt.1tl!airc:d the vohlmc of t},e crDwn !:lye tltiltm. They compt-i tcd I ! th o dnno;i l;l' for ~,,~h vnlum .. lllOO ~\!l'Illl1"ut. ThQir rQ~tllt.~ nrQ ~hC)WJ1 in th" 
; Iilhla llnliiW . 

! I 

! 
I·. 

I 

I 

2. I 2()O 12.00 

I 3 I 201 

12.11 1_:1 I 198 

L=~=~~L~-~.~!.~~ __ ,.J...c._.=~~~~,~ 

A. \\'hy {ltd the t'IIc:I(jutb:.t.;l mcntJurn tJ.1U vo!urnc lj ve, unu:::i? 

It "1\" ",-,I .. i-,r.l . f.t '\'i,po-rllli1 t,) r\\(, king ttl.! rt. .. il.tl\.lr\~· (,f'ltil uFi.W, .. %;~ 

12.0 8i""". ~h<l"il Mil' llHI ocion ti.b. Il fai i! Lh.i.r r.~a ulL~ til uhtnin thiN 
villuc tOI' ti,e d.e". ity_ 

I Qu~n. fDr /-I.till Crown continue. * 1 

I . '--, .. -.-~-~~ ___ -..... __ ..--':r.--__ . __ -.....~_...,.,..~ ....... ~ . .".,..~-~_,_,.,_...."...._~-___ -.,-_...,.,...._. _____ ~~ 

TIMSS 200~ 

TIMSS 2003 ReleaS4!<i nems: Eighth Grade Selena! 



Appendix 17 
3-6-1-12, 2004 

12. .{a}, , Plants n.eedJ'Iitrogen compounds fOf9rowth.;>",':~ , :~,,~ .. -" , 
Glv,a the name of thetyps of plant cel1lliat absorbswatet and 

, 
'" 

nitrogen :compounds from the soil. ' 

{ti) Tti~,,~hht~Ph $llo~ a pltch~rp(ant ' , '. 
Plfoneri plE1..n~ get nitrogen compoundS from Inseots,,:' , 
Wy d$gest ~n$e¢ts in ~eaves shaped like containers 

In the bottom 'Of~1ftepft{;fier there (sa {1q\llC. Ins~ts afe'atiracteti' to the 
pla~t. They falHnto the nq~l? " j, >.,,",:.~: ,", '-.'_ '~'_ ' 
The 'inner surface of the pitcher is very,smootn',and slippery with~ --.: 
dov,:nwaro pOinting, hairs as :~rown belqw. , '" c' 'it:, 

''''"\\:--downward PQ1Ilt!OQ hairs" -
. . .. ' '-. '. ';:,,~ ). 
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3-6-1-8,2003 



Appendix 19, 
3-6-1-6-2004 

:-. " ".: 6a '[3''" ' ''' ~". I .. 

----------------------------------~--------------------------

6, Tea bagsare 'made iA different shapes: ~ <' '\: ". ';' 

tii~ngle ", Square circle 

Some pupils want to fiild out ~hic1 sha;e. of tea bag lets.tea dis,soive ~" ,: . t-
, most quickly. ,: . . , , 
They make two plans for.their investigation as shown below. 

I 
FIRSTPLAN I 

'lJJe, ' w,w. V-51! 2> ten~s, cwi 3 bQQk€f.S, 

SECOND PLAN 

. (a)f-:low is the seconq plan better than the first plan? 

.'" - ~ 
':.- .t 

(b) Why should they t~e care when they add hot water at 65°C to the 
tea bags? 

12 



Appendix 19, 
3-6-1-6-2004 

(c), Ben and.Yiqky d~ew a cross oll :some paper" Theyputeach beaker;"i' ;" '"' 
in turn •. over the~ross. ' They poured~ot water Intc) the beak~r. dropp6d 
in th13 tea bag and watched the wat~r c~ange colour. ' . 

To see which shape,.of tea b~g 'let the tea dissoive the-~u'ckest. they 
measured the time until 'the"liqGid was too druk for them tei see the cross. ' 

How did the cross help to rriake their test more accurate? 

. ,(d) (I) They recorged their measurements in a table as shown_below. 

',' 
" 

shape o,f te~ I>ag . 
time ~ until cross 

cannotooseen (min.!ites) . 
r" '4:;'Uf:~:~," tAillig1 e '~:~~ ", :, 

.".~' square ,<'" '-
.8':' ,. ,,>"~";' 

... : " 

15 
" ' " 

,',' 
. ;\ -, ... ~ . circle . 10 

'.,' .' . .-",' .... ,;, ,,:', " 'j,!'" 

. " Which part 'of thei( investigati'ori wC!s recorded in the ~Ie? 
,:~:i~~kt.~co~rectbOX. '''' ::.:' , '-." 

., \~pi~~~t!~hS\ 0 ; results D 
'f :'!_. 

plans D 
Give the three shapes,of tea bags in the order In which the tea dis,solved. 

. Use the table above'to~help you. ; ",' 
. _. ~~~;..':~: y::~"~: -~ ;::: ':'. '~'~:';~:;"_')~" n •. ;~ -.;. ' 

" quickest" ;' " ': ; .-' 'slowest 
.,' -,', 

maximum 5 marks 

KS3/041Scfller :3-;6/P1 13 

tmark 

Total 
, !rn< 
U·~ 

5' .', 



Appendix 20 
Common-37, 38, 39, 40,2004 

37. The drawings A and B show pulleys in order to lift up matters weighed M 
respectively. When you pull the end of hooks down 5 m with constant speed, 
how much of work is done in B? (Ignore the masses of ropes and pulleys) 

<-50 N 

1\1 M 

(A) (8) 

I!I S?Ol 

CO 3t1 

© ~1 

cr' ~l @ 1001 

38. The drawing shows a metal ball hanging on 1m rope traveling A to B. 

CD 1 

What is the proportion potential energy to kinetic energy at the point D ? 
(Ignore the air resistance, rope's friction and mass of rope) 

@ 2 . J 



39. The drawings show the model of ammonia formation trough the reaction of 
hydrogen and nitrogen gas. (Regard as being constant in temperature and 
pressure) Choose the incorrect explanation. Choose the incorrect explanation. 

nitrogen hydrogen ammonia 

1) The same number of molecules contain in the same volume. 
2) A nitrogen molecule consists of two nitrogen atoms. 
3) An ammonia's molecule consists of two elements 
4) The ratio of volume in the reaction of nitrogen and hydrogen is 1:3. 
5) The numbers of molecules remain same after reaction. 

40. The drawings represent the formation of magnesium oxide through the 
reaCtion of magnesium and oxygen. Choose the correct explanations in the box. 

a) It can explain the mass preservation law through the model. 
b) A new atom forms through chemical reaction. 

c)It can be known the volume of oxygen through the reaction of magnesium. 
d) Atoms do not change during the chemical reaction . 

1) a,c 
2) a,d 
3) b,c 
4) b,d 
5) c,d 

magnesium Hydrogen magnesium oxide 

+ A _ ,.... 
~ 

12 SSg 20 g 



Appendix 20 

Junnam-52-2004 
52. Following table shows the research result concerning changes of colour in 
barks of trees and numbers of moths in Manchester England around the 
Industrial Revolution. 

Colours Number of 
of tree moths 
barks Black White 

moths moths 
Before Light Few Many 
Industrial 
Revolution 
After Dark Many Few 
Industrial 
Revolution 

Choose the most appropriate evolution theory concerning the above research 
result. 
CD Natural selection theory 
(2) Use and disuse theory 
® Mutation theory 
@ Isolation theory 
® Individual variation theory 



Appendix 21 

Common-27-2004 

27. The drawing represents the process of state change. 

A.Y .. / / [[;J", C ~B. ~ 
. . 

o 

E 

Choose the answer in which gives a right example. 

1. A - A melted candle flows and become hard. 
2. B - Wet washings are getting dry in the washing line. 
3. C - Naphthalene tablets in wardrobe are getting smaller. 
4. D- As ice cubes are becoming water as it is put on the table from a refrigerator. 
5. E - water drops appear in the surface of a cup having ice-water. 



Appendix 22 

3-6-1-1-2004 

. ' 

1. ThI7 diagram shows two famiUes. Some of the poople in tbe diagram have 
freckles. 

"grandparent;s, ' 

p,arents 

chUqren 

.--;.: 

(8) 

Bob married to Emily John married to Mary 
I 1 

I 
I I -. l: "'.' . 

I 

1J:- 1} 
Rachel married to Bill 

r==n 
Richard Penny Simon 

and 

and 

key . 

. ~ person wiUl , fAt . freckles 

A.. person without 
1J" f{~ckl~s 

Q) Which chUdr'en are most likely to have freckles? 
. Tick the correct boxes. 

*" .:~[ . . "f<:;;~:< .. .. . . 
~ . . . ~. . . . . - "'.. -

.- -.J -

Pam ma,rried to. David' 

Beeca Katie 

" Simon o Katie Penny 8ecca 

D D D , . 
, : 

F ., 



Appendix 23, 

Common-50-2004 

50. The drawings represent a family tree about colour blindness. 

Choose the correct explanation 

A B D 

son: colourblind daugher: normal:Jaugher: normal 

1) the second baby of A and B will be definitely colour blind 
2) You do not know B's gene 
3) the third 'child of C and D will be definitely colour blind 
4) a child of E and F will never be colour blind 
5) G does not have a colour blind gene 



Appendix 24 
3-6-1-17-2004 

17.ltTlmn buiJt a JDuzzle 'circuit with three identical bUlbs and-a aVbattel)!.. <c' ,. 

He covered the connections to the bl,Jlbs with a,pi.ece of card·as shown be'low~ 
The bulbs could be seen throu.g~, holes in 'the card. 

.'.". ~ 

___ card 

~ . ,-

... ,' . ~ . 

-,.' 'AU the burbs' were on but their brightness waS different. 
~ . -, -. ~ . . ':" ... 

''v , ~ . : .• ~. _ .. 

"L8cy.!erP-q.veg bulb.s A. Ban((Cin tU~fl~ :,B~0(~ connecting-,each'lbul.b: l>ack 
lhtO:tl1e. cIrCuit' she-obserV:ed the,'effeb't 011 'tile'other.twobuIb.s. ". " ..•. c 

S/1e recprded her observations lnthetabjab~lQw. 

A 

S 

c 

observations 

S and C stayed on . 

C went off 
A stayed on 

Swant off · 
·Astayed on 



Appendix 2S 
Junnam-43-2004 

43. The drawing shows an experiment: 
By adding the same amount of water into the three beakers and connecting the 
ammeter and voltmeter cells. 
Choose the right explanation about the experiment 

CD The voltmeter is connected to the series circuit. 
(2) The lowest voltage is in 5&2 
® heat comes off most in 15&2 resistance 
@ The experiment shows the relation to current and heating value 
(5) The current is the same amongst resistances 



Appendix 25 
Common-45-2004 

The drawings are of an experiment to find out the relationship between current, 
voltage and amount of heat. 

Choose the correct explanation. 

1) The volt is the same in each resistance in A 
2) A is to find out the link between the current and amount of heat 
3) The strongest current is at resistance 10 in B 
4) B is to find out the link between the current and amount of heat 
5) The biggest temperature change occurs in B at 30 



Appendix 26 

Junnam-SO-2004 

50. The drawing below show the inheritance of "Marvel of Peru". 
What is the probability of getting white coloured flowers by interbreeding white 
and pink coloured "Marvel of Peru". 

p ------ ---

Red R ower Wh it e F iower 

F;, ----- ----

P ink Fro"ver 

<:D OX!!--o, 

~3) 50'% 

'510 1l.'Ooll'% 

P ink Ffo\.ver 

(~) 2S~"'c 

id) 7S"l·":" 

32. An object with mass of lkg falls to the ground from a height of Sm. What is 
the speed with which it fell from a height of 2.Sm? 

H g 

.... 
" 

/ 

:,/~' 

CD 3 m/s 
® 49 m/s 

CZ) 7 m/s ® 10 m/s 
(5) 98 m 

(' 
.•. ..,.- .)~'" 

5m Speed", ? 

Appendix 27 



Appendix 27; 5-7-1-14-2004 

. ;~. 

1-< - • 

, marl< 

1 marl< 

Ql4c 
1'msrk ' '"' . ..-.. 

1 mark 

. . 
14. Almost 200 year.s ago, an important investigation into plant growth was , . ;,. 

carried out: 

. George Sinclair, the Duke of Bedford's head gardener; planted s~eds in 
, 242. plots of land, each four .feet square . 

. pharle.s Darwin ooncluded from this investigation: 

If"aplot of gtoundissown with one speciesot gr,ass and a similar . 
plot is sown with several different speciesofgrass, the second 
plot will produce a greater number of plant~ and a greater mass 
of plant materiaL 

(a) Give one feature of the plClts that was controlled iri Sm'6ta'~'s '~" 

(b) 

(e) 

(d) 

Investigation. .' .' ,' .. 
1 • • ,,~~ ... 

Why did Sinclair use m"any' plots rather than just two? 

, 
What two factors are named in Darwin's conclusion as the measurable 
outcomes In the' investigation? 
(These: are the dependent vari~bles.) 

1. 

Which one factor Wi;lS changed' in Sinclair's investigation? 
(This is .called th.eind.epenqentvariable) 

.... '" K~(~94/SC::i~r 5.",7/P2 
'.~ ~'=='.'!":·I~ r 

'28 



Appendix 28 

5-7-2-6-2004 

In January 2002, thousands of pup~ls.recorded the numbers of different birds 
seen In theirg,aroens in one hour. They sent their Jlesults to the Royal Society 
f:or the Protection of a rrds who have kept. data for many yeats. 

(a) Why aretheresuft;s .fromt)'jlJs survey more r:eliable1han one person's observation? 
. ~ '-

(b) ' .. Pupils observed birds 1n their g~rdens {or one hour during the last week 
I n January:. . , . 
. - . 

1. __ ~~ ____ ~ ____ ~ ________________ ~~ __ ~ ______ _ 

2. ________________ _ 

(c) Jac·k'S grandad says: 

'1 think there were more 
spar:rows around when :I 
,wa~'YO:ur a9,&· 

I can use survey data 
to· find out If your tdea 
is correct, 

J~ck says: 

Jackth~nKsthat the results collected in 2002 ,caRnot test his gr.andad's 
idea that sparrows are less common than they used to be. 

(1) Wh~t addJtionaf surVey. data would Jack need to test his grandad's 
idea? 

(ii) What pattern in the survey results would give Jack the evidence that 
his grandad was correct? 

maJ(imuf1J 5 rna" 



Appendix 29, 

TIMSS-2003, S1308A 

\Vhen settJen; came to live on the Galapagos Islands~ they brought v 
them a number of new animals such as cats and goats. Wnw· down ( 
effect the introduction of cats and goats C()uld have on the animals a 
plants already living On the islands. 

A One effect of cats: 

B. Orle effect of g(Jilts: 



Appendix 30 

Common-28-2004 

28.A student wants to see the letter using a microscope as follow. 
However, he found that it was too dark. If he wants to see more clearly 
regardless the size of letter, which part of microscope, he has to control? 

D 

0) A, B 

f'rr---p,; 

'~ B.C 

b 
F 



Appendix 31, 

3-6-2-17,2004 

, 17. Until 1781 scientists thought.there were only six planets in the solar'system. 
Then a scientist called Herschel looked throu.gh a very large telescope that 
could turn to follow objects in space. 
He watched a bright object In the night sky for a few months and made 
drawings of what he saw. -He concluded' it was·a planet. 

Herschel's telescope 

(a) What method did Hersch~l ;use'to discover the new planet? 
Tickttie correct box. - _ "., 

He carried out practical D H,easked scientists' D tests in the laboratory. opinions. 

He observed the D He gathered data D environment. from books. 



Appendix 31 

3-6-2-17 2004 
---~-.-- -' 

(b) Scientists today use satellites as well as teles·copes to obseNe 
the universe. 

(c) 

(d) 

. , 

Suggest one way that developments in equipment have changed the 
information scientists collect about planets. . . ~ ~. . 

e_ , . 

S·efore1781, scientists believed there Were 6 planets in our soiaI' system. 
Now·scientists believe there are 10 planets. 

What do these ideas suggest a~out our knowledge of our solar syst'em? 

What causes scientists to reject an id~a and replace it with a new one? 

35 

..0 ,7b ~, 
1 mark -: 

, .. 

0 -'70;,: . 
. , 

i mark 

,. 

"" 
0~7d ; 

, mark 



Appendix 32 

Kyungi-2003-33 

33. The following experiment I to know what is essential for photosynthesis to 
occur. 

<The process> 

(6) Leave A and heat up B with 
alcohol lamp. 
(C) Put the pond weed into C and 
wrap it with aluminum foil, and in D 
put just pondweed. 
(D) Put bungs on each test tube and 
place it on a windowsill. Then 
observe the colour changing of the 
test tubes. 

As a result of the experiments above, which test tube does the colour 
changing occur? 

CD A, C 
@ B,D 

® A,D 
(5) C,D 

@ B,C 



Appendix (Chapter 6) 

Appendix 33 

Questionnaire for teachers who teach KS3 science in 

England and Korea 

This is a comparative study to explore science teachers' perceptions about teaching and assessing 

scientific enquiry in both England and Korea. 

Please take time to answer the following questions. 

Your sincere reply will be a great contribution to this study. 

If you have any enquiry, please contact 

Jung Cho onjrc2@soton.ac.uk 

Or Prof. Mary Ratcliffe on M.Ratcliffe@soton.ac.uk 

School of education, University of Southampton Highfield 

Southampton S017 1BJ 

1 



A. Personal Details 
1. What is your age group? 
21-30 31-40 41-50 51-60 

o o o o 

2. Are you male or female? 
Male Female 

o 0 

3. How many years have you been teaching? 
0-5 6-10 10-15 16-20 21-25 25+ 

o 0 0 0 0 0 

4. What is your background? (Please tick what you consider to be the most appropriate category) 
Biology Chemistry Physics Other (Please specify) 

DOD 0 

5. Have you ever studied any of the following subjects? 

Please tick all that apply. 

o Philosophy of science o History of Science 

o Sociology of science o Philosophy 

B. Perception about the nature of science and scientific enquiry 

6. Please indicate activities, which you think are part oflearning about scientific enquiry. (Please 

tick all that apply) 

No. Statements Answers 

1 Practical work in general 

2 Watching video 

3 Field trip 

4 Observation and thinking about phenomena 

5 Reading and thinking about phenomena (textbooks, work-sheets) 

6 Researching information and collecting data to solve problems 

7 Open ended Investigation by pupils 

8 Experimentation 

9 Discussion and argumentation 

10 Making inference from observations or other data 

11 Looking for patterns in data 

12 Drawing conclusions from evidence 

13 Teacher demonstration 

14 Teacher talking and explaining 

2 



7. The following statements can give you some indication of your own philosophy of science. 

Please score your response to each statement on a scale of -2 (Strongly disagree) +2 (Strongly agree) 

and a score of 0 will indicate a balanced view. 
No Statements -2 -1 0 1 

SD D A 

1 Scientists have no idea of the outcome of an experiment before they do 
it. 

2 Science proceeds by drawing conclusions, which later bec'ome theories. 

3 Scientific theories are as much a result of imagination and intuition as 
inference from experimental results. 

4 All scientific experiments and observations are determined by existing 
theories. 

5 Science facts are what scientists agree they are. 

6 Scientific research is economically and politically determined. 

7 Scientific theories have changed over time simply because experimental 
techniques have improved. 

8 In practice, choices between competing theories are made purely on the 
basis of experimental results. 

9 Science education should be more about the learning of scientific 
processes than the learning of scientific facts. 

10 The most valuable part of a scientific education is what remains after the 
facts have been forgotten. 

11 Scientific method is transferable from one scientific investigation to 
another. 

12 A good solid ground in basic scientific facts and inherited scientific 
knowledge is essential before young scientists can go on to make 
discoveries of their own. 

13 There are certain physical events in the universe which science can never 
explain. 

14 Scientific knowledge is different from other kinds of knowledge in that it 
has a higher status. 

2 
SA 

3 



C. Teaching and Assessing 

8. How important are the following to you in planning your teaching? 

Please rate the following aims of teaching science. 

Very important 

No Aims 1 2 
1 To summarise and interpret the programme of study 

2 To familiarise students with the type of assessments they will get 

3 To stimulate scientific curiosity 

4 To answer all the questions asked by students. 

5 To demonstrate how to justify scientific claims based on evidence 

6 To guide and organise pupils' study 

7 To provide good understanding scientific concepts 

8 To enhance students' career prospects 

not important 

3 4 5 

Please specify any other ___________________________ _ 

9. How often do you use the following when teaching science? 

Very Frequently Occasionally Seldom Never 
often 

1 Teacher talking and explaining 
2 Note taking 

3 Whole or group discussion! argumentation 

4 Role play 

5 Research information and collecting data to 
solve problems 

6 Teacher demonstration 

7 Experimentation 

8 Open-ended investigation 

9 Working from work sheets! textbooks 

10 Video watching 

11 Field trip 

4 



10. Indicate the importance of each of the aims of practical work to you in teaching science. 

(Please tick all that apply.) Very important Little orno important 

No Aims 1 2 3 4 5 
1 To make phenomena more real through experience 

2 To practise seeing problems and seeking ways to solve them 

3 To promote a logical, reasoning method ofthought 

4 To encourage accurate observation and description 

5 To find facts and arrive at new principles 

6 To demonstrate theoretical work as an aid to comprehension 

7 To arouse and maintain interest 

8 To develop manipulative skills 

9 To verify facts and principles already taught 

10 To satisfy National Curriculum requirements 

Please specify any other. ____________________________ _ 

11. How often do you do practical work in year 9 classes? 

1 Almost every lesson 
2 70-80% of lessons 
3 50-70% oflessons 
4 30-50% of lessons 
5 10-30% oflessons 
6 Less than 10% lessons 
7 Never 

5 



12. When you teach scientific enquiry, what do you focus on ? 

(Please tick all that apply.) High focus Low focus 

1 2 3 4 5 

1 Fostering explorative or research skills 

2 Preparing students to get practical skills for their investigations 

3 Fostering an understanding of the nature of science 

4 Encouraging students to solve problems 

5 Encouraging reasoning and critical thinking 

6 Preparing students for performance assessments 

7 Helping students understand content of topic 

8 Motivating students 

Please specify others ____________________________ _ 

13. How often do you use the following means when teaching scientific enquiry? 

1 

2 

3 

4 

5 

6 

7 

Very often 
.. 
1 

Giving pupils opportunities to describing patterns and 'relationship 
in data from pupils' own or other's investigations and asking them 
to explain and justifying pupils' description. 

Making predictions of additional readings from data they have 
collected in their own investigations. 

Teaching explicitly about how to collect evidence in situations 
where variables cannot be readily collected, where a suitable 
control is not obvious. 

Presenting pupils with graphs of different kinds and asking them 
to draw conclusions and to state clearly the evidence on which 
they base their conclusions. 

Presenting pupils which conclusion others have drawn from 
evidence and asking them to decide whether these are justified. 

Providing opportunities for practical work that requires pupils to 
solve problems. 

Being explicit about how evidence from either historical or 
contemporary secondary data, can be used to draw conclusions 
and to develop scientific ideas 

2 3 4 

Never 
~ 

5 

Please specify others ____________________________ _ 

6 



14. How would you describe your confidence in teaching scientific enquiry? 

Very high High Neither high nor low Low Very Low 

0 0 0 0 0 

15. When you do investigative work, who decides types, variables and apparatus for the investigations? 

(Please indicate the box) 

Always Usually teachers Usually students Always 
teachers infrequently students rarely teachers students 

1 Type of investigation 

2 Variables 

3 Apparatus 

4 Planning 

5 Collecting data 

6 Conclusion! Analysis 

7 Evaluation 

16. When teachers assess pupils' investigative work, they may find that pupils have not mastered the 

ideas in an investigation e.g. the conduct and the interpretation of results. When would that be most 

likely to happen? Please tick the boxes all that apply. 

No. Examples 
1 When the teacher's explanation concerning the related concepts was not sufficient 

2 When students were not given ownership of the investigation 

3 When the process was complicated and students did not have enough skills 

4 When the investigation was carried out within a limited time and space. 

5 When the scientific concepts and the investigation were not related 

Please specify others _____________________________ _ 

7 



17. Which ofthese would be obstacles to implementing more scientific enquiry in science classroom? 

Please rate the size of the obstacles. 

oil Large obstacle No obstacle .. 

1 2 3 4 5 
1 Inflexible time table 

2 The organisation required for open-investigations or projects 

3 Large classes 

4 Lack of laboratory facilities 

5 Lack of appropriate resources 

6 The pressure of examinations 

6 Lack of teacher's confidence in process skills 

7 Lack of teacher's confidence in integrating practical work into a 
concept 

8 Lack of teacher's confidence in assessing scientific enquiry 
criteria 

9 Lack of teacher's own interest 

11 Lack of teacher's understanding about scientific enquiry 

Please specify others ____________________________ _ 

18. How much do you agree or disagree with the following statement: Scientific investigations and 

scientific enquiry activities help students perform better in science overall? 

Strongly agree Agree No opinion Disagree Strongly disagree 

0 0 0 0 0 

19. How much pressure do you feel under to reach the attainment targets set by your schools? 

A lot A little Not very much Not at all 

0 0 0 0 

If you feel this pressure, how does this affect your planning and completion of investigative 

work? ----------------------------------------------

8 



D. Different types of questions assessing scientific enquiry 

Please read each of the following questions for pupils carefully. 

Question A : A question from TIMSS-2003 

A girl has an idea that green plants need sand in the soil for healthy growth. In order to test her idea she 

uses two plots of plants. She sets up one pot of plants as shown below. 

<} ----
SU~llYg"1: 1 __ - -
.:~ 

\ 'c -

..... - - / 
~----

Sa.nd ... :s:o·IIt ... and ... ·., ... at:e r 

Which one of the following should she use for the second pot of plants? 

1° / ® © @ ® 

/~-
<1/ ~ 

51.lnfigl1 t Sl.l~lignt (_ 

Da rk ClJpboard 

~ 
\~~ 

\ -, 

\""--.-: ~-: .... :-: - - ,~, 

,~.["~ .~~' 
,----------" 

sand and water Sand, soil and water Soil and water Sand and soil Soil and water 

Question B: A question from Korean high school entrance examination 

The graphs show the solubility curves of several different solids. Choose the incorrect explanation about 

the graph. 

Co 

10' 
.I':r 

C 
tl 
n. 
t 
r 
a 
t 
1 

1) Solubility of a solid increases as it temperature 

mcreases. 

2) Potassium nitrate shows the biggest change of 

solubility according to the temperature change. 

3) As 30g potassium chloride dissolves in 100ml of 

water at 50 °C, it will be a saturated solution. 

4) Sodium nitrate shows the highest concentration 

of saturated solution at 60 °C . 

5) The mixture of potassium nitrate and sodium 

chloride can be separated by crystallization. 

9 



Question C: A question from the KS3 

( Wilting roses are a thing of the past' 

Scientists at the University of Leeds have found a way to modify the genes of flowing plants. 

They claim that flowers from modified plants remain fresh in a vase of water for up to six months 

longer than flowers from unmodified plants. 

Plan an investigation you could carry out in the school laboratory to test the claim that flowers 

from modified plants last for much longer than flowers from unmodified plants. 

You will be provided with flowers from modified plants and from unmodified plants. 

In your plan: 

*the one factor you will change as you carry out your investigation: 

(This is the independent variable.) 

* the factor you will measure: 

( The is the independent variable.) 

* One of the factors you should control to ensure a fair test: 

*The time scale for the investigation 

10 



20. How well do you think year 9 pupils would answer these 3 questions? 

Very well Well Satisfactorily Not very well Not at all 
Question A 

Question B 

Question C 

21. In order for pupils to answer these questions, which three things would you do to prepare them? 

Please tick three boxes for each question. 

No. Question Question Question 
A B C 

1 Allocate more time to do scientific investigations 

2 More practice to familiarise pupils with these new types of 
questions by work sheets or previous exam papers 

3 More learner-centred teaching techniques 

4 More open investigative works for pupils 

5 More practical work 

6 More explanations about appropriate methods and fair tests 

7 More explanations about the science concepts being tested 

8 More practice concerning identification of variables 

9 More explicit teaching of individual elements of scientific 
enquiry ego Nature of hypothesis, theory, variables 

22. If each of these three types of scientific enquiry questions occupied up to 30 % of exam questions, 

would this affect your current teaching method? 

Questions A lot A little Not very much Not at all 
Question A 

Question B 

Question C 

If your answer is 'A lot', how would your teaching methods be changed? 

11 



23. If this same question C was turned into a multiple-choice fonnat as below, 

how likely is it that pupils would answer correctly? 

Very Likely Agree No difference Disagree Very Unlikely 

D D D D D 

a. Which are the independent variable and dependent variable in carrying out this investigation 
1. Modified plants and unmodified plants, numbers of days the flower stay fresh 
2. Modified plants, numbers of days the flower stay fresh 
3. Unmodified plants, numbers of days the flower stay fresh 
4. Numbers of petal in a flower, time taken to loose from its receptacle 
5. Modified plants, amount of water in the vase reduced 

b. In order to make this a fair test, which factors should you control in carrying out the investigation. 
1. The same heights of plants 
2. The same weights of plants 
3. The same variety of plants 
4. The same colour of flowers 
5. The same number of thorns 

24. How much do you agree or disagree with the following statement. 

« It is very important that the assessment content and context should be within what pupils have 

learnt during their schooling. If the content and context are outside the scope of the school 

curriculum, the assessment cannot be a fair test for assessing pupils' ability. " 

Strongly agree Agree No opinion Disagree Strongly disagree 

D D D D D 

Thank you 

12 



Appendix 34 

Correlations 

Table 1 Correlations between the views about the nature of science and teachers' details 

The views of the NOS vs age -0.1556 -0. 1175 

The views of the NOS vs sex -0.0168 0.1837 

The views of the NOS vs career -0.2259 -0.0657 

The views of the NOS vs Speciality -0.070 0.0835 

The views of the NOS vs study experiences -0.0456 -0.0044 

* Law data of Table 15 is used as the views of the NOS for comparing correlations 

Table 2 Correlations within items of the views about the nature of science 

ID/CD 0.0391 -0.0822 

ID/PC -0.1248 -0.0567 

ID/RPO 0.078 -0.133 

CD/PC 0.042747 0.101 

CD/RPO 0.479956 0.5777 

PC/PRO -0.02228 -0.0119 



Table 3-1 Correlations between the views about the nature of science and teacher's 

perceptions about teaching science(Eng) 

0.0167 0.097 -0.016 0.285506 

0.129 -0.012 -0.116 -0.093 

0.1455 0.081 -0.1941 0.0112 

0.192 -0.035 -0.1849 -0.2237 

0.1163 -0.1558 -0.096 0.0323 

0.028 -0.02 -0.0684 -0.0014 

0.063 0.041 -0.1669 -0.0354 

Table 3-2 correlations items between questions(Kor) 

-0.02435 0.114006 0.191248 -0.02771 

-0.19359 0.040616 0.187536 0.098736 

-0.11402 -0.00912 0.301728 0.060191 

0.030391 -0.0202 0.31859 -0.05057 

-0.12312 -0.06742 0.169784 -0.0793 

-0.22117 0.078863 0.107245 0.108712 

-0.04551 0.048879 0.142355 0.162685 



\ 

\. 

Table 4-1 Correlations between the teacher's perceptions about teaching science 

and doing practical work (Eng) 

'.;. 

0~35S6 ,,' 0. 142 0.224132 0.256427 Q;37,43 . 

0.11 0.328 0.217423 0. 134337 0.1156 

0.08 0. 135 0.087006 0.2624 

-0.07174 

-0.22839 

-0.12467 

0:416628 0.077371 0.197277 

Table 4-2 Correlations between the teacher's perceptions about teaching science 

and doing practical work (Kor) 

0.227 

0.125 

0.075 

0.123 

0.233 

-0.12 

0.25 



Table 5-1 Correlations within items concerning teachers' perception about 

teaching science (Eng) 

0.1 0.0164 0.071 0.113 0.3765 0.4628 

0.2082 · 0 0.463108 0.1813 0.1376 

0.27 

0.28867 

0.27 0.08 

Table 5-2 Correlations within items concerning teachers' perception about 

teaching science (Kor) 



Table 6-1 Correlations between teachers' perceptions about doing practical work 

and teaching scientific (Eng) 

Table 6-2 Correlations between teachers' perceptions about doing practical work 

and teaching scientific (Kor) 



Table 7-1 The Correlations within the items concerning teachers' perceptions about 

doing practical work (Eng) 

0.09 

0.09 0.207 

0.24 0.14 

0.2 0.3 

0.16 0.24 

0. 18 0.02 0.112 0.09 

Table 7-2 The Correlations within the items concerning teachers' perceptions about 

doing practical work (Kor) 

0.1876 0.007 

0.095 

0.18 

0.02 

0.154 

0.24 

0.112 

0.252 

0.0184 

0.139149 

0.187637 

0.169968 



Table 8-1 The correlations between the teachers' perceptions about teaching science and their frequent teaching methods (Eng) 
, , , , , 

;jQ8/Q9Eng SI FA STCU AAQ DHJC GO :PUSC EC 
I Talking 0.1350236 0.2304441 -0.110989 0.0329022 -0.284394047 -0.132773 0.1424629 0.1170314 
: Note taking 0.1914475 0.0971868 0.2994247 0.0267179 0.21246427 0.1794592 0.2081555 0.1746042 
'Dis-Argu 0.1233192 0.0192241 0.295726 0.2525733 0.200582087 0.1470385 0.0874916 0.1673629 
;:Roleplay 0.1659284 0.2644806 -0.208333 -0.254116 -0.131029216 0.0102849 -0.034977 0.2256416 
~. Res,Colle 0.2125891 0.3530555 0.1395836 0.0873082 0.265091088 0.1822304 0.1903501 0.2804812 
:;Demo -0.110086 -0.002136 -0.021259 -0.023017 -0.049026415 -0.162128 -0.02339 -0.166732 
••. Experiment 0.0765404 -0.035378 0.1100457 -0.143822 0.076133523 -0.061838 -0.107236 -0.081157 
! i~~~~!J.9~!~I?_I] _____ -0.001217 0.1328853 0.2235746 0.0712343 0.227185482 0.014116 -0.012384 0.149045 ------------------ ------------------ ------------------ ------------------ ----------------------------- ___________________ J ___________________ --------------------
: Worksheet 0.0938889 0.05585 -0.22416 0.1244655 -0.20677562 0,0135489! -0.005637 0.2151598 
Video 0.1771447 0.045724 -0.04947 0.1725384 -4.05307E-17 0.2163171 0.1345129 0.1209319 
Field trip 0.0422191 0.1116809 0.1046943 0.103053 0.218048718 -0.03868: 0.1332945 0.1836521 

j I I I 

Table 8-2 The correlations between the teachers' perceptions about teaching science and their frequent teaching methods (Kor) 
1 I , i I 

Q8/Q9Kor SI FA STCU AAQ DHJC GO :PUSC EC 
Talking 0.1846827 0.095876 0.0483833 0.1059604 0.074380327 0.1299594 0.1192829 0.0748939 
Note taking 0.1678433 0.0828493 0.1574525 0.1549826 0.06003453 0.0848874 0.1321228 0.0920087 
Dis-Argu -0.122592 -0.010518 -0.023559 0.1096245 -0.094955327 -0.053012 -0.088489 -0.018982 
Roleplay -0.310891 -0.131437 -0.32094882 -0.210749 -0.130674777 -0 . 14247 -0.130675 -0.074287 
Res,Colle -0.069981 0.0043002 0.1028696 0.1945952 0.09400114 0.0593822 0.0394901 0.0724309 
Demo -0.089037 -0.082659 -0.058944 0.0451754 0.101478653 -0.059479 -0.145249 -0.005522 
Experiment -0.181614 -0.29493 -0.019213 -0.112789 0.028095889 0.0273178 -0.042544 -0.034589 
investigation -0.12593055 -0.212073 -0.053243 -0.175505 0.011566772 -0.066684 -0.07336367 -0.007597 
Worksheet 0.0817808 0.1756599 -0.021508 0.0454087 -0.007903456 0.2256043 0.1059282 0.1982676 
Video -0.048635 0.0006985 -0.01542352 -0.026879 -0.054324904 0.0315664 0.0397771 0.0822239 
Field trip -0.091674 0.033072 -0.044091 0.1069188 0.174961981 0.065046 -0.025653 0.0053749 

I I I I I I I I 



Table 9-1 Correlations between the frequent teaching method of science and the frequent teaching method of scientific enquiry 

(Eng) 

IQ9Q13Eng Talking Note takin~ Dis-Argu Roleplay Res,Colle Demo Experiment investigati( Worksheet Video Field trip 
, Gpupils 0.123408 0.2634 0.095 0.263 0.1565 -0.081 0.095 -0.0386 -0.034 -0.0047 0.145 
MpredictiOl 0.1024 0.1831 0.0685 -0.0396 0.2297 0.0538 0.0685 0 .2614 0.0718 0.2442 0.0968 

f Texplicitly 0.076 0.1242 0.2416 -0.062 . 0.244 0.1653 0.2416 0.2183 0.0089 . 0.1808 0.2332 
Pgraph 0.0051 0.02 0.1413 -0.0468 0.2177 0.068 0.1413 0.2293 0.0399 0.0524 0.293 

I Pconcius -0.026 0 0.0749 -0.036 0.2118 0.082 0.0749 0.2628 0.1275 0.1237 "~"'I~ 
Res,Colle -0.062 0.24 0.034 0.1385 ;if.r;~~~~AID1~~§~! -0.044 ' 0 .034 0 .2959 0.052 0 .1427 

I Bhowevi -0.144433 . 0.0094 0.24 0.1085 0.2951 -0.1026 0.24 0.0984 -0.041 0 .0186 , 

Table 9-2 Correlations between the frequent teaching method of science and the frequent teaching method of scientific enquiry 

(Kor) 

0.196 
0.766 



Appendix 35 (Chapter 7) 
3-6-2-13,2003 

13. Sailors used to suffer from an illness called -scurvy caused by a poor diet on 
long Journeys. 
James Lind was a doctor who tested treatments for scurvy. He predicted that 
all -acids cure scurvy. 

I think that all 
acids will cure 

scurvy. 

He gave 6 pairs of sailors with scurvy exactly the same meals but he also gave 
each pair a different addition to their diet. 

pair of 
additiQn to their diet effect after one week 

sailors 

1 some apple cider beginning to recover 

2 
25 drops of very dilute sulphuric acid to 

still had scurvy gargle with· 

3 2 teaspoons of vinegar stil l had scurvy 

4 half a pint of sea water* still had scurvy 

5 2 oranges and 1 lemon recovered 

6 
herbs and spices and acidif ied barley 

still had scurvy water 

(a) Does the evidence in the table support the prediction that all acids cure 
scurvy? 
Tick the correct box. 

D D 
yes no 

Use the table to explain your answer. 

'"DANGER! DO NOT TRY THIS. 

KS3/03/ScfTier 3-6/.p2 26 

1 maIk 



3-6-2-13b,2003 

(b) (i) Give the one factor James Lind changed in this experiment. 
{This is called the ingependent variable.}. 

(ii) Give the factor James Lind examined in this experiment. 
(This is called the dependent va~iable.) - .. ' 

(c) James Lind's evidence suggested that oranges and lemons cured scurvy. 

At a later time, other scientists did the following: 

• They separated citric acid from the fruit 

• They predicted that citric acid would cure scurvy. 

• They tested their prediction by giving pure citric acid as an 
addition to the diet of sailors with scurvy. 

• They found it did not cure scurvy. 

The scientists had to make a different prediction. 

Suggest a new prediction about a cure for scurvy that is consistent with 
the evidence collected. 

(d) Explain why it is necessary to investigate the effects of changes in diet 
over a period of more than one week. 

1 mark 

1 mark 

7 mark 

1 mark 

maximum·S marks 
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Appendix 36 (Chapter 7) 

Transcripts from English teachers 

and Korean teachers 

English transcripts 

(Eng-i) 
",this one is a process of science or scientific investigation question (211005 

A) 

... given two which seem to be direct questions they can answer straightway 

whereas given applied ones ... no way, we are trying to teach them. (070405 A). 

(Eng-2) 
.. . .in general they are not very good at that. They look at that and say 11 Miss, 

you have never taught us about 'scurvy~ .. " they get hung up on the unfamiliar 

and do not understand the interpretation. Though they are getting better at it 

(070405 A). 

We have never had this at K53. 50, a lot of kids are struggling because many 

teachers wont really be sure what sort of questions are going to be asked. As 

we see more and more of this type of question, we will be better prepared for 

the kids. As we are teaching and changing the methods, then kids will get 

better and better (070405 B) . 

.... .1 was looking at English ones. The English ones demand that I would expect 

to be able to sit down with somebody and enlist it. That they would understand 

that what this statement means yet if those sat down in front of it without any 

support or any prompt they would be thrown off the question (070405 C) 

Now, as to the way of preparing them for what we have been asked to do for 

the examination in the new K53 it is heading toward application one. 

These application based questions will become more successful. Actually these 

application based questions are more valid in scientific terms (070405 J). 



(Eng-3) 
I would be quite happy to teach TIMSS and to teach graph (Korean ones). I 

would have thought pupils in higher level would work out and be OK with graph 

(Korean ones) I go with you ... That's application one/ I have not been teaching 

these questions by my self (070405,C) 

(Eng-4) 
Again its... an awful lot of reading for lower ability children and often the 

question includes evidence supported prediction. They are not very good at 

picking the relevant information from the table to see whether or not it 

supports the prediction (311005, B) 

(Eng-S) 
Pupils would do better on Korean ones. Less reading... You know what you 

expect from the questions and they seem to be more straitforward (040705 A) 

(Eng-6) 
I think you have to assume that they have seen the family tree type diagrams 

before (Junnam-49-2004). If it is in their cognition level, can they work it out? 

Can they interpret the diagram? (311005,C) 

When you look at this graph there is too much information. Only the very very 

bright pupil will be able to pick up anything from that They don't know where 

to look. You could train them . . .lots of details. There is a lot to explain to them 

step by step. (121005,A) 

I think they are like KS4 syllabus ... (211005,A) 

(Eng-7) 
It is not like a science subject. It looks like something else: lots of 

mathematics. My year 9s would not be able to do this because maths is not the 

strong point for pupils/ I think. (311005,C) 

The thing with this/ as with the other one/ if you train people to extract· 

information from graphs/ it is not really about science/ It's literally maths thing 



isn't it? Its not really about science it's just whether they can extract 

information from a table. It's an interpretation of scientific knowledge- that 

one's maths. That's pure knowledge (12100S,C) 

(Eng-B) 
As for incorrect choices; they are easily misleading. These seem to ask for 

English rather than scientific understanding although it is also demanding a 

high level of understanding about scientific knowledge (040705,J) 

Language in the Korean one is difficult Imagine my year 9 bottom set coming 

across each of them (121005,C) . 

... yes I think it requires a high level of reading on that one(311005B) 

(Eng-g) 
One problem is, it is difficult to assess how many would get the right answer 

because it's a multiple choice question so there ought to be some who don't 

know the answer and they are just lucky (040705,J). 

... If you are using multiple choice in a right way, maybe you want to try to 

show if you looking for proving what you want to prove in the content is design 

to do is right... Open questions with multiple-choice .. I think, it would never 

gonna work out because 20 kids would have 20 different answers... Multiple 

choice in scientific investigative science ... it would never gona work (040705,J). 

(Eng-l0) 
.... Somewhere between the twos (040705,A) 

They can cope with it It's not something that is highly complicated. This is the 

kind of format I would use because they are so used to seeing things pictorially. 

I quite like that one (121 005, B) 

A is primary school science. When a pupil is in primary school, they would do 

this kind of simple, puzzle like questions (121005,A) 



You can use common sehse- like a puzzle. It is also a multiple-choice question 

(211005,P) 

(Eng-ll) 
I think, if Korean pupils learn K5J scientific enquiry questions straightway, then 

they can use the TIM55 questions as a bridge because it would be hard to jump 

from content based to application based. (211005,P) 

(Eng-12) 
If it is a new syllabus talking about dominant characteristics then teach pupils 

about dominant characteristics, which allow them to answer this. I think you 

need a combination of content and investigative skills. If they don't know about 

the process of scientific enquiry, they will find it difficult. 50 it would be the 

right approach to this one. I think sort of somewhere between the two 

(040705,A) 

... although they are not talking about what are controlling variables. They are 

asking about those. Pupils found it difficult to think about variables(0407,E). 

(Eng-13) 
I think our top set would probably ... in a couple of months time would know 

what a dependent variable and independent variable is ... My top set would not 

have a problem with this ... (J01095, A) 

They found difficulties to think about variables ... My higher level would be able 

to look at it .... (040705, E) 

These K5J questions are quite early one. Two years ago? We would have never 

the same at K5J. 50 there is a lot of pupils are struggle because many teachers 

won't really sure what sort of questions gonna be asked. As we see more and 

more this type of questions, we would be better prepared for pupils. (040705,J) 

Content based has to be 'yes' or 'no' answers to fill in. When you left, it is not 

being clear, right or wrong answer. We havn't been taught them actually. 

Language is there pupils find difficulty (040705,A) 



The new KS3 is heading for application based ones. Actually these application 

based questions are more valid on scientific term. As we see more and more of 

these types of questions, we would be better prepared for pupils. As we are 

teaching and changing the methods, then pupils will be better. (040705,J). 

We used to teach like this (Korean HE questions). But we have now changed 

our mode of work toward this (English KS3 questions). Now we teach more of 

this type (211005,A) 

Yes, we used to teach science knowledge but now we do more process and 

enquiry (211 005, H). 

(Eng-14) 
I think my year 9 would be good at TIMSS. In terms of Korean ones, my higher 

level would be able to look at the graph and interpret it My higher level will be 

better on the multiple choice one than English KS questions. (040705,M) 

A lot of it is KS4. These are the things that are generally taught at KS4 things 

like natural selection, mutation, isolation theory,,,, I mean these are even 

beyond KS4." so No"" I don't think my year 9 would be able to assess the 

question. (311 005,A). 

(Eng-15) 
The Korean question is quite difficult. Even the able children would not be able 

to solve it (121005,B) 

Sadly, I don't think anyone would get that right (121 005, C) 

.... because they've not been presented with this, I don't think my year 9s would 

do well on this at all (311005) 

I would have thought they (the higher level pupils) would work it out and be 

OK with the graph. ..... exactly 4, 5Ievel(121005,A) 

In terms of the Korean questions, my higher level pupils would be able to look 

at the graph and interpret and pick it out from the multiple choice. Although my 



lower level would have difficulty in interpreting it, my higher level would do 

better on the multiple choice one than on the KSJ questions (040705,£) 

I think, TIMSS questions are easiest, then the Korean ones are easier than KSJ 

questions because KSJ questions have more words and application based. The 

Korean ones have multiple choice (21100S,C) 

(Eng-16) 
....... TIMSS one, probably 60-70% of pupils would get right ... (121005, B) 

I think even the lower set would get a fair chance ... planning etc. .. (121005,B) 

I think C would be the easiest one for them because they are familiar with that 

kind of question (12100S,C) 

I think my year 9 would be good at TIMSS. I think they are quite 

straightforward. You can see what they are getting at, actually they are not 

talking about what are controlling variables. They found it difficult to think 

about variables (040705,£). 

(Eng-17) 
I was looking at the English one. The English ones demand the sort of question 

that I would expect to be able to sit down with somebody and go over it. So, 

they would understand what this statement means yet if they sat down in front 

of it without any support or any prompt they would be thrown off by the 

question and by the language (040704,C) . 

.... there(Scurvy) is quite a lot in this question isn't there? 25 drops ... 2 

spoons... all sort of extraneous complications. There are higher level pupils who 

would be able to think that through. But what I found is really clear to them 

others really would not be able to do them. I mark down which questions and 

deduct marks they might not get there. There is a line, which you can go 

below certain steps. Then they would virtually get no marks. Because one, it's 

too much to read and two, it's a completely alien concept to them, such as 

'scurvy' (040705A) 



(Eng-18) 
I would have thought they (the higher level pupils) would work it out and be 

OK with the graph. ..... exactly 4, 51evel(12100S,A) 

In this country, if you look at the syllabus, for example get a graph with 

something that is pushing the limit of what is reasonable for a year 9 and it has 

got sodium nitrate, potassium nitrate... The staff tend to go back to the syllabus 
and say' hang on; , it doesn't say anything about comparative solubility 

between this, this and this. ' Why are we asked a question like this?' Whereas 

pushing your luck a little bit with kids. That's what you've got to do. That's the 

content. But when it could have been anything than I than I think, that is 

pushing your luck at KS3. you are asked for kids to recall (040705, J) 

I think they really would not know how to handle the Korean question. 

The government wants level 5 in KS3. Drawing graph is level 6. Interpreting 

graph is not strong point for most pupils. It is kind of maths(121 005 B) 

(Eng-19) 
.. These KS3 questions are quite early one. Two years ago? I think C because 

this is still new. We have to take step away from traditional experiments and 

put away. And take something that may be a bit odd like the 'rose~ It is not .. 

kids would have never done before. We would have never the same at KS3 

(070405,A) 

I think C(the English questions) because this is still new. We have to take step 

away from traditional experiments and put away. And take something that may 

be a bit odd like the 'rose~ It is not .. kids would have never done before. We 

may have to teach more critical thinking ... (211005,P) 

I think B, Korean one because we are now teaching C(English KS3) and 

A(TIMSS-2003) is similar to C I go to B because the content is not the same as 

what we are teaching. It is not only teaching method but also the content 

(121005,A) 



(Eng-20) 

We run it by science course. KS3 and 4 and it changed the way we think in 

terms of making what we do to totally link to what goes on outside the 

classroom. Everything is now who use this, what that is for what pros and cons 

what is the ethics for it. I think English ones. If you wanted to develop critical 

thinking and investigative approach you could use cleverly cited examples like 

It the plant one" at the front as long as it is well developed. But you can't avoid 

this kind of questions if you are looking for application. (070405,J) 

I quite like the English ones. I am much happier,,,. As far as producing to the 

thinking SCientists, I think they could do best out of the three (040705,A). 

(Eng-21) 

Korean ones are not really investigative. Whereas for these you have to 

recognize fair test they have to able to plan fair test I would say probably start 

off with this one and move on to the plan like they do there (121005, C) 

If I take my bottom set would do better in TIMSS because there are less .. .It is 

because ... more familiar situation for them. There are not huge amount of read 

and not huge amount of write either (121005, A E) 

If I choose which one of these, I would give to my year 9. I definitely choose 

TIMSS (121005,C). 

Yes, I like A too, it is easy to show them. Perhaps low ability would be suitable 

(121005,E). 

(Eng-22) 

Pupils are familiar with this type of question because they have been continually 

taught this way. During lessons, they gradually grasp the meaning of terms. 

While, they were doing investigations, they were told about the ''mark 

scheme. 'f211005,P) 

I think we have to teach Sc1. Especially since year 7 gets the pupils prepared to 

put their own ideas forward for prediction and to be prepared to write about 

strange situations and about things, which they may never have heard of. That 



is a way of encouraging pupils to do that sort of thing. We have to take a step 

away from traditional experiments and take something that may be a bit odd 

like the 'rose~ It is not something... pupils would never have done before 

(040705,A) 

The National Science Curriculum has changed since 2001. Now pupils already 

know about llfair test" things when they are in year 7. In the past, we used to 

teach those things in year 7. Also we teach them differently from how we used 

to. We follow National Strategy closely. We have also got ''Booster kit" lessons 

and make sure if pupils know all about SC1 content. In particular, we run 
special classes during Easter for SC1 content (211005,A). 

Apparently, the way of teaching has changed We used to teach science 

knowledge but now we do more about process and enquiry (211005,H) 

.. , yes, things have changed We used to teach graph like the Korean question 

style. Now, we follow National Strategy. We used to teach knowledge, facts and 

details. I think the new strategy has been for the past 3-4 years time 
(211005,A) 

(Eng-23) 

. We can use plates/sheets to start off with. ... What you change, what you don't 

change, fair test and you have to say 'no, you've got to work out what you 

have to change' then explain. They have to reason how they are going to 

change one thing and how they are going to do that: making them make a 
choice (12100SA). 

We can use pictorial things. Dictate them. Put them up on the board. .... 

contributing an idea, sharing ideas. Build up from yr7 really, doing any type of 

investigation. Talking through things, sorting out what we are trying to find out, 

what we are changing, gradually building up... process starting at yr 7, as a 

routine. What are we going to change? And keep the same? You keep doing 

this all the time until you come to respect the nature so that by the time you 

get to GCSE practical assessments, they just do it automatically (12100SC) 



I did the 'Scurvy thing/ by making groups with each variable. then which one 

would be a cure or not( 21100~P) 

(Eng-24) 
... In year 7, 8, 9 nearly all of our lessons have some sort of scientific enquiry 

content every year towards what's a fair test, How do you plan properly? How 

do you consider all the criteria in scl or just pushing it again to the whole of 

year 7, 8 and 9 all the way through. Actually what we are doing is putting into 

year 9 two years of content based preparation one year of application based 

preparation, the subsequent year they should if we are doing our job properly, 

do better and better (04070~]) 

Pupils are familiar with this type of question because they have been continually 

taught this way. During lessons, they gradually grasp the meaning of terms. 

While, they were doing investigations, they were told about the 1 'mark 

scheme. Y21100~P) 

If you look at these investigative questions that they/ve got to answer it is very 

easy to train them because they are practical science. These are factors and 

these are variables. Here is method. Here is data. What they have been asked 

to do: here one word answers and tell them what they have got to write. So as 

long as you train them on answering the question, if your are training them 

with questions that are well· put, I think these will give you broader ranged 

children (04070~A) 

(Eng-25) 
I found this question on a previous paper and this year, I gave it to my current 

year 9 to do for the first part of the lesson then at the latter part of the lesson, 

I did the experiment. It worked well. Then we discussed the work, considering 

the key pOints and what the questions were asking for (04070~ E) 

I did the 'Scurvey thing/ by making groups with each variable. Then which one 

would be a cure one (21100~ P) 

Pupils are familiar with this type of question because they have been continually 

taught this way. During lessons, they gradually grasp the meaning of terms. 



While they were doing investigations, they were told about the mark scheme 

(211005, p). 

(Eng-26) 

8ecause it's(our teaching) driven by 5ATs we tend to teach POAE type at 

the moment because we need to know our facts except that a few weeks prior 

to the exam we teach terminology and investigation through cases using the 

case terminology and we do PORE type of thing for GC5E 50 we teach 

planning, obtaining evidence, analyzing and evaluating but we only really pick 

up on this type of question on POAE but not vel}' well and we pick out this in 

the revision programme and in practice questions before 5ATs in April 

(311005,8) 

I think our top set would probably... in a couple of month's time would know 

what a dependent and independent variable is ... The top set would not have a 

problem with that (121005, C) 

As I said, we used to teach this type. We taught knowledge and explain 

everything and make them get it right in the multiple choice or simple answer 

format. We can teach 8(Korean questions). It is not impossible but it is going to 

be a hard job to do (211005, A). 

(Eng-27) 

I think you have to teach technique ... you can incorporate that in your science 

teaching... so they pick up the skills when necessary. I do some practice 

questions from past papers. I think to build up over the previous papers. In this 

type of questions, I would make pupils do lots of practice. 50 they can see the 

format used and answering the multiple choice (040705,8) 

Probably, I wi/I tl}' to teach my pupils the process of elimination. Tl}'ing to 

figure out which ones don't make sense because I think a lot of these will throw 

pupils off really quickly. Apart from the vel}' vel}' top set. (040705,E) 

It has to be built up because with my year 8s, they can do OK with two lines on 

a graph but it could mean anything. There has to be training because you have 

to get analysis where graph work. ... 50 we put lots of work into teaching them 



to how to read graphs especially as they do incredibly well on the graph 

questions but then something else has been lost. There got to be a balance 

(121005,A) . 

... you can put that on to that. You can break this down into that and gradually 

develop it through. So you can use that idea with the brighter pupils and that 

for the bottom end (311 005, D) 

When you look at this graph, there is too much information. Only the vety vety 

bright pupil wi/I be able to pick up anything from that. They don't know where 

to look. You could train them. Lots of details.... There is a lot to explain to them 

step by step (211005, C), 

As I said, we used to teach this type. We taught knowledge and explain 

everything and make them get it right in the multiple-choice or simple answer 

format. We can teach 8(Korean questions). It is not impossible, but it is going 

to be a hard job (211005, A) 

It is almost KS4 questions, which I think these are too difficult for my pupils. 

Then they are more likely make children recall (121005, 8) . 

.. .it's a complete change to what we teach and work they'd find really hard. 

You need to work on the graphs and gradually overlay one on the other. A mix 

of practical and graphs (121 005, D) 

When you look at this graph, there is too much information. Only the vety vety 

bright pupil wi/I be able to pick up anything from that. They don't know where 

to look. You could train them. Lots of details. There is a lot to explain to them 

step by step (211005, C), 

(Eng-28) 

... this(TIMSS-2003) one is quite straight forward you just give them 

PACE(311005, A). 



I think the way we teach now instead of teaching PACE we prepare for this 

type of questions even for the younger (311005, B) 

It looks like a primary science. Puzzle stuff... It will be a similar way to teach 
KS3 questions (311005, P). 

(Eng-29) 

Those (English questions) are process based. I think, we have to teach sc1. 
Especially, year 7 pupils need to be prepared to write about strange situation 
and about things, which they may never have heard ot That is a way 
encouraging pupils to do that sort of thing. We have to step away from 

traditional experiments ... And take something that may be a bit odd like the' 
rose~ It is not .. pupils would have never done (040705, A). 



Korean transcripts 

(Kor-l) 

It looks like a question demanding understanding of a process of enquiry or 

scientific investigation rather than its result or conclusion. These kinds of 

questions are being dealt with at Year 10 Curriculum. (160705 C) . 

.. .it is scientific investigation question", process of science (130805 M) 

(Kor-2) 

The questions from English KS3 tests look like 'reasoning' or 'open-investigative 

projects done at primary school although it is here at a higher level. If we train 

primary pupils do this type of question, they would soon be able to solve them. 

I don't understand why we have this content- based curriculum at middle 

school leve/... Definitely I think, our curriculum is inconsistent in this sense 

(130805,K and A). 

These questions are scientific investigative questions involving a degree of 

common sense (190705,A) 

(Kor-3) 

Although our pupils understand the terms such as variables, they would 

experience difficulty in the process of problem solving and the process of 

enquiry because our kids do not have much investigative work. Pupils would 

have difficulty in planning, carrying out and drawing conclusions by themselves. 

I think, examinations tend to assess pupils' ability in interpreting data. Rather 

than assessing a comprehensive range of enquiry ability.. 

(130805, K) 

Although our pupils are good at interpreting graphs because we do a lot, they 

may not be able to create graphs from the tables. 

(130805, M) 

The pupils are used to solving multiple choice format questions. They are 

familiar with interpreting data or solving problems with similar content and 



context like this (Korean ones) (190705,A) 

(Kor-4) 

I also think, teachers would have difficulty in assessing answers to the 

questions because they do not have one right answer like the Korean ones 

(160705,K). 

I think, if a new type of questions is given such as the English questions, then 

teachers would take some time to work them out before they integrate them in 

teaching and assessing ... I think teachers would feel it difficulty to assess open

ended questions ... (130805 M). 

(Kor-S) 

Although the questions are quite difficult for pupils, they are getting used to the 

process of solving problems (190705,8). 

Korean questions have lots of mathematical content Some demand the process 

of science but more of them demand solving problems mathematically 

(160705,A) 

Pupils cannot get right answers unless they have known all of the content in a 

question including answers 1-5. Kids have to have enquiry ability, problems 

solving ability and mathematical ability. Then they keep practising the problem 

solving process in order to familiarise themselves with how to answer those 

questions (160705,8) . 

. (Kor-6) 

The Korean ones are not different from what we learnt in our schooling 

(190705, C) 

They are also familiar to our kids and us (190705,C) 

The Korean ones are mainly in the area of data interpretation rather than in 

planning or carrying out the process ... (130805, K) 



(Kor-7) 

TIMSS-2003 question is familiar with pupils because of multiple-choice format 

And these are being taught in primary science. 

Thus, it would not be difficult to solve them (190705 C) 

I think, the TIMSS-question is not unfamiliar with children because they have 

been taught by doing 'open-class' which have no right-wrong answers with 

various problem solving activities. Then the secondary school curriculum in 

Korea holds traditional content and seems to go backward from primary science 

to the traditional content curriculum (130B05,A) 

(Kor-8) 

I think, it would be good idea to start with TIMSS-2003 questions if we have to 

teach this type of questions (English ones) It is easy to apply in the classroom. 

If the questions are too difficult, it would take too much time to work out for 

teachers themselves .... (130B05,K) 

(Kor-9) 

These questions are scientific investigative questions involving a degree of 

common sense (190705,A) 

These questions would be useful in applying the ;th National Curriculum in the 

classroom They are simple and easy but they contain the core of scientific 

enquiry while pupils do scientific investigations or practical work (160705,K) 

(Kor-l0) 

'Questions from TIMSS-2003 and Korean HE are assessed within what kids have 

already been taught. Thus, kids would get the right answer 60% in TIMSS-2003 

and 30-40% in questions from Korean HE By contrast, questions from English 

KS3 seem easy but they are not from within the curriculum content Thus, 

pupils would not get the right answer (160705,A) 

Most of pupils would be able to do in TIMSS-2003. 10-15 out of a class of 40 

would get the right answers to the Korean HE questions. But I do not know 



how pupils would manage with KS3 questions without any experience. Pupils 

don't like reading and thinking ... (160705,A) 

Questions from KS3 tests demand pupils' ability of enquiry. But my low ability 

pupils ... and even the majority of my pupils would not even know how to even 

start to solve them ... Perhaps, bright or gifted children would try them 

(160705, C) 

(Kor-ll) 
I think, these questions need to do lots of practical work or investigations. But 

we don't do much practical work. .. Mostly, pupils do experimentations to 

confirm what they have learnt rather than planning or carrying out 

investigations to find out a new thing. We normally do open investigation once 

a year. (160704,1<) 

If we give them some time to think or read the context, the class would be 

messed up ... pupils don't like to think and read. .. to be honest Therefore, we 

tend to avoid giving time to pupils... because we don't want to disturb other 

class ... Consequently, pupils are not familiar in asking how and why,(160705. A) 

Pupils are used to do multiple-choice format choosing one out of 4 or 5 

examples. Although they understand science knowledge with the multiple

choice format, they may not do well in the question, which demands 

explanations with the same science knowledge... My pupils would not even try 

these type of questions 'suggest' or 'explain' or 'why' (130B05,M) 

(Kor-12) 
If we teach the new curriculum (the ;'h National Curriculum) properly, those 

three questions would be able to be dealt with by pupils easily. Through the 

traditional way, we can train them to solve the questions from Korean HE 

Through the enquiry based lessons, we can train them up to solve questions 

from TIMSS-2003 and English KS3. Once they get used to them, they could 

work out other similar questions (191705,C) 

I think, pupils can work out those questions by training them up easily. 



Although kids have not enough experience in open investigative works, they 

could work out easily as they can solve the Korean questions (160705,A, 

190705,~130B05,K) 

I think it will take 1 month to train them up to get the right answers (130B05,K) 

(Kor-13) 

I think, if we have to teach the English ones, we have to have sufficient 

knowledge in order to cope with open answers because the answers can be 

varied .. 160705,A) 

Assessment would be a crucial matter:. if we teach the KS3 type of questions 

As the Answers would be varied and in a descriptive form, assessment becomes 

a real matter to teachers (130B05,M) 

(Kor-14) 

Questions from nMSS-2003 and Korean HE are assessed within what kids have 

already been taught. Thus, kids would get the right answer 60% in nMSS-2003 

and 30-40% in questions from Korean HE By contrast, questions from English 

KS3 seem easy but they are not from within the curriculum content. pupils 

would not get the right answer (160705,A) 

Most pupils would be able to do in nMSS-2003. 10-15 out of a class of 40 

would get the right answers to the Korean HE questions. But I do not know 

how kids would manage with KS3 questions without any experience. Kids don't 

like reading and thinking ... (130B05, K) 

(Kor-15) 

As teachers, we cannot separate science lessons in the classroom from 

assessment. We have typical Korean style questions as we know. We are under 

pressure to train pupils up to familiarise themselves with the questions. Even 

though the English questions seems good to enhance scientific enquiry ability 

and to be consistent with primary science, we cannot teach this way because 

the examinations demand content knowledge rather than process or method of 

science such as control variables ... (130B05, M) 



(Kor-16) 

I think it is nonsense because the new curriculum recommends us to teach 

scientific enquiry with more or less similar content in which we were taught in 

our schooling. The worst thing is the assessment The examinations are 

assessed on content knowledge not on the process or the scientific enquiry 

(13080~A). 

Although we all acknowledge that school science should give children various 

experiences, under assessment driven school curriculum, the focus becomes 

change (130805 K) 

(Kor-17) 

A teacher who is not good at teaching may be acceptable but the teacher who 

fails to assess kids properly such as making a mistake in marking is not 

acceptable amongst Korean parents and pupils. If I assess the work of 

scientific investigation and I give 10 marks to one child, 9 marks to another 

child because he missed one thing out in the process, then the 9 marks child 

complains about it and I have to explain all about the assessment process. 

Some of the pupils and parents will not accept what I did. So, I would rather 

avoid those disputes. To be truthful, we are so used to assessing the 

knowledge in science because right and wrong answers are without any dispute 

(13080~M). 

(Kor-18) 

We have to give lessons, guide pupils extra-curricula activities, to do other 

paper works and do counselling ... so many things to do ... this kind of questions 

demands doing more open-investigations ... We may have to do feedback after 

the investigation ... it is all about time matter (16070~K). 

(Kor-19) 

I find difficulty in teaching terms and concepts in science. For example, pupils 

find it difficult to grasp the meaning of the terms solubility, amount of 

crystalliSing, saturated solution and unsaturated solution because pupils have 

never seen those solutions such as KCI, NaND3 or KND3. If I tell them NaCl is 

Salt, pupils would be surprised. I think the ways we teach lack real sense 

(16070~ C). 



(Kor-20) 

Not Korean questions ... because now we are teaching this way. .. 

I guess TIMSS-2003 and English KS3 tests look a similar type. TlMSS-2003 

questions regard as primary science whereas questions from KS3 tests as high 

school science. Thus, I would say questions from KS3 tests (130B05,K) 

(Kor-21) 

Scientific enquiry does not mean doing practical work. We can encourage pupils 

to think and stimulate discussions. I also do not think scientific enquiry is 

everything in science education (130B05,M) 

Often I feel I have wasted a lesson. I teach one thing with practical work in a 

lesson expecting kids would understand better. However, I find I have to 

explain again and again after practical work. Kids tend to remember more as I 

explain after doing practical work (160705,A). 

Pupils are not interested in the aims of practical work. They tend to look at the 

process and keep asking what the next step is. Only about 25-30% kids pay 

attention about what they are doing (160705,M) 

I encourage pupils to think as a way to apply enquiry based teaching in the 

classroom. I tell them about the life of famous SCientists, interesting apparatus 

and some history of science which is not found in the textbook in order for 

pupils to reduce their fear about content outside the National Curriculum 

(130B05,M) 

(Kor-22) 

I don't agree that the National Curriculum content should be reduced and made 

easier: In the jh National Curriculum, some difficult content has gone from the 

examination papers and the content was reduced considerably. I see the 

National Curriculum content is limited covering natural phenomena. 

Nevertheless, I don't think kids' achievement has improved. As the curriculum 

content level is lowered, pupils' achievements become lowered accordingly. I 

prefer the previous National Curriculum because pupils were working harder 

because they had to work out the higher level content (160705,K). 



(Kor-23) 

I agree that our HE questions concentrate on the area of data interpretations ... 

The questions should be varied in order to assess pupils' various ability. .. Our 

test papers tend to be knowledge based ... (130805,K) 

I tell them about the life of famous scientists/ interesting apparatus and some 

history of science which is not found in the textbook in order for pupils to 

reduce their fear about content outside the National Curriculum (130805,M). 

(Kor-24) 

I thinly these ones need lots of practical work or investigations. But we don't do 

much practical work. .. Mostly, pupils do experimentations to confirm what they 

have learnt rather than planning or carrying out investigations to find 

something new. We normally do open investigation once a year. (160704/K) 

(Kor-25) 

I explain to pupils the aims/ processes and results of an experiment because we 

don't have enough time .... So pupils expect what would happen as a result If 

the results are not the same as in the textbooly pupils would be confused ... As 

a result of this/ I am concerned about the conditions for doing experimentation 

in order that the results will conform to the results in the textbook. Although I 

te// pupils not to worry about different results from those in the textbooly they 

stick to the results in the textbooks (160705,K) 

(Kor-26) 

I thinly we have not enough time to apply various methods even in the 7the 

national curriculum (130805,M) 

I wish I could give pupils enough time to plan and carry out investigations so 

that pupils could carry out an investigation on their own if only we could have 

enough time and smaller class sizes (160705,A) 



(Kor-27) 

Pupils are not interested in the aims of practical work. They tend to look at the 

process and keep asking what the next step is. Only about 25-30% pupils pay 

attention to know what they are doing (160705,M) 

I encourage pupils to think as a way to apply enquiry based teaching in the 

classroom. I tell them about the bibliography of famous scientists, interesting 

apparatus and history of science which are not being found in the textbooks in 

order for pupils to reduce their fear in the content without the National 

Curriculum (130B05,M) 

Often I feel I have wasted my lesson. I teach one thing with practical work with 

one lesson expecting pupils would understand better. However, I find I have to 

explain again and again after practical work. Kids tend to remember more as I 

explain after doing practical work (160705,A). 

Scientific enquiry does not mean doing practical work. We can encourage pupils 

to think and stimulate discussions. I also do not think scientific enquiry is 

everything in science education (130B05,M) 

In order to teach Korean questions, teachers need to focus on pupils' 

understanding science concepts and principles, so called I academic basis' 

Unless children don't understand one of questions, then they could not get 

secure their marks. I think, this would be an advantage to foster pupils to be 

able to apply what they have learnt to other things(190705,8). 

(Kor-28) 
I don't agree that the national curriculum content should be reduced and the 

easier content mode. In the ? national curriculum, some difficult content has 

gone in the examination papers and the content was reduced considerably. I 

see the National content is limited within natural phenomena. Nevertheless, I 

don't think pupils' achievement has improved. As the curriculum content level is 

lowered, pupils' achievements become lowered accordingly. I prefer the 

previous national curriculum because kids were working harder because kids 

had to work out the higher level content (160705,K). 



I think, we have a problem in the national curriculum content because the 

content is the same as we used to be taught while we were secondary school. 

Then, the curriculum requires learning scientific enquiry rather than science 

knowledge. I really don't think, it is going to work out (130805, A) another 

problem in the national curriculum is that the content reduction brings 

fragmented and disintegrated textbook structure. Simple curriculum reduction 

makes school science bits and pieces. (130805, A) 

(Kor-29) 
, I would explain the terms such as solubility, mixture, saturated solution and so 

on. Then, I would explain all the details. Then I demonstrate how to solve 

problems and show the process of solving problems including mathematical 

processes if necessary. Then, pupils would get familiarized what they have 

learnt through example questions (160705, A) 

I don't think pupils would understand fully some of the assessment content. As 

we understand certain content with limited comprehension when we were in 

middle schools, pupils would understand partially and practice the ways in 

which the problems can be solved. As they move on to high schools, they could 

understand more about it (160705,C) 

I believe that 30% of able pupils can understand the Korean questions. Even if 

teachers do repetitive training for the context, it would be difficult to get 

answers right over 50% of pupils. In particular, the amount of crystallized 

solution would be the most difficult one (160705, K, 160705, 8). 

(Kor-30) 

... the questions from the English KS3 tests and TIMSS-2003 look similar types 

of questions because they demand knowing control variables .... although 

TIMSS-2003 questions are lower level ... (190705,C) 

(Kor-31) 

I think, pupils can work out those questions by training them up easily. 

Although kids have not enough experience in open investigative works, they 

could work out easily as they can solve the Korean questions. I would explain 
terms such as variables and science concepts. Then, I would give pupils to 



carry out investigation... Then, get them practice papers to familiarise the 

pattern. (160705,A, 190705,C,130805,K) 

I think it will take 1 month to train them up to get the right answers (130805,1<) 

There would be two ways to prepare for pupils to get answers the questions. 

If I have enough time, I would explain terms and principles. Then make pupils 

to do open investigation doing hypothesising, planning, carrying out 

experiments and analysis of the results. When pupils get the experiment 

wrong, I would make them do it again until they are happy about the results. It 

would be a good way to foster pupils' scientific enquiry ability. If I don't have 

enough time, I would explain the terms: independent variables and dependent 

variables. Then I would demonstrate examples and make them more familiar 
with similar patterns of questions of investigations (160705,C). 

Korean questions are found all within the national curriculum. Thus, we train 

children how to get the results rather than the process. I think, as a teacher, 

teaching the English curriculum would be easier and child-centred (190705, C) 

(Kor-32) 

I think, English questions demands high literacy skills which take time to get 

them and time to plan which would not easily be built up but built up by 

carrying out investigations (130805,M). 


