THE UNIVERSITY OF

7 WAIKATO Research Commons

gty 16 Whare Winanga o Waikato

http://researchcommons.waikato.ac.nz/

Research Commons at the University of Waikato

Copyright Statement:

The digital copy of this thesis is protected by the Copyright Act 1994 (New Zealand).

The thesis may be consulted by you, provided you comply with the provisions of the
Act and the following conditions of use:

e Any use you make of these documents or images must be for research or private
study purposes only, and you may not make them available to any other person.

e Authors control the copyright of their thesis. You will recognise the author’s right
to be identified as the author of the thesis, and due acknowledgement will be
made to the author where appropriate.

e You will obtain the author’s permission before publishing any material from the
thesis.


http://researchcommons.waikato.ac.nz/

Re-defining Teacher Education of

Primary Teachers of Science in Hong Kong

A thesis
submitted in fulfilment
of the requirements for the degree
of
Doctor of Philosophy
at the
University of Waikato

by

May CHENG May Hung

The University of Waikato
2000



il

Abstract

This study arises from my personal interest as a lecturer in the Hong Kong
Institute of Education with a responsibility to prepare student-teachers to teach
science at the primary level. This study was conducted based on three concerns
about science and science teacher education in Hong Kong. Firstly, there are
concerns about the quality of science teaching in local schools. Secondly, other
local studies concluded that the majority of both primary teachers and student-
teachers come from an arts education background in their secondary schooling
and that they lack the confidence to teach science topics. Thirdly, teacher
educators are concerned about the low impact of teacher education programmes,
as the school culture seems to have an important influence over classroom
practice. In the present study, the researcher attempted to address these problems
by finding out ways to better prepare the student-teachers for teaching primary
science, and to understand more about the process of learning to teach, by
describing the professional, personal and social development of the novice
teachers. Drawing on the findings, science educators can be better informed about
how to prepare the student-teachers professionally, and increase their confidence
in science teaching. Furthermore, with a picture on teacher development,
practices that are conducive to teacher development can be identified and hence

better support for the novice teachers can be designed.

In the present study, the constructivist view of learning was applied to inform
science teaching in the primary classroom, and the sociocultural view of learning
was used to explain the development of novice science teachers in the process of
learning to teach. The literature on the scoiocultural view of learning, teacher
development, teacher socialization and knowledge about teaching provided a
framework for the present study. Drawing on the literature about a sociocultural
view of learning, learning in the teacher education programme had to be re-
contextualised in the primary classroom. The teacher educator was seen to be an
agent, with the purpose of mediating between the novice teachers and the teaching
culture that is informed by a constructivist view of learning. Drawing on the
literature about teacher education, teacher educators need to acknowledge the past
learning experience of the learners, to practice what they preach and provide

experiences that increase the learners’ confidence in teaching science. They have
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to be aware of the possible influences of the school context on the teachings of the
novice teachers, and to provide continual support during the beginning teaching
phase. They have to be knowledgeable about the various aspects of teacher
development namely, professional, social and personal development. The novice
teachers have an active role to play in the learning process and have to be
involved in active discussions with their peers during the learning process.
Instead of viewing novice teachers as passively adapting to the school
requirements, they can be active agents that may lead to changes in the practice of

the school or the experienced teachers.

This was a two-year study that followed the development of the same group of
student-teachers during the teacher education programme to the time after their
graduation and continued until the end of their first year of teaching. This study
included three phases. The first phase involved the implementation of the
Curriculum Studies Module in the teacher education programme. The Module
introduced a range of science teaching approaches in which there was an emphasis
on teaching science based on a constructivist view of learning. The student-
teachers were interviewed before and after the Module. These interviews were to
find out if there were changes in the views of the student-teachers on science

teaching and learning.

The second phase was the teaching practice phase. During this period, the
student-teachers were observed in their lessons and there were interviews to find
out whether the Curriculum Studies Module had influenced their teaching and

their views of learning.

The third phase is the beginning teaching phase. This phase included interviews
with the beginning teachers three months after they started their first teaching
assignment. These interviews provide a background on how the support for these
beginning teachers in the form of resource packs should be designed. The support
included the provision of a resource pack, an introductory workshop and personal
support from the researcher. The resource pack included suggested topic
sequences, information about children’s preconceptions and suggestions for
activities. During the implementation of the resource packs, the beginning

teachers were observed in their lessons and were interviewed. These aimed to
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find out whether the support in the form of the resource packs, the interactions
with the researcher, and the interactions with teachers in the school (if any) had an

influence on their views of teaching and learning.

The data in the three phases were analysed in order to build a picture about the
professional, personal and social development of the student-teachers or the

beginning teachers.

Findings suggest that the student-teachers experienced a gain in their confidence
in teaching science after the Curriculum Studies Module, and were able to teach
with a constructivist view of learning in their teaching practice which was at the
end of phase two. However, as the graduates started on their first teaching
assignment in phase three, they were often unable to practice what was taught in
the module in their science classes. With the support of the resource pack and the
researcher, the science teaching of the beginning teachers was more consistent
with a constructivist view of learning and some were even able to influence their
colleagues to give more thought to their science lessons. It appears that these
interventions had facilitated the novice teachers to teach science with intentions
consistent with a constructivist view of learning; to perform the teacher actions
that help to engage pupils in thinking in the lessons; to develop better learning
outcomes and learning conditions as well as experience gains in their confidence

in teaching science.

Drawing on the findings, the study concluded with a dynamic model on teacher
development that emphasizes the interactions between the novice teacher with the
institutional culture and those with the school culture. From a sociocultural view
of learning, teacher development is seen as a contextualised activity and

recommendations for teacher educators were made.
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Chapter 1

Introduction

This study arises from my personal concern as a teacher educator to provide better
preparation for student-teachers in the area of science teaching. This chapter
summarizes the background of primary science teacher education in Hong Kong,

my concerns and why the research was undertaken.

1.1 Primary science teacher education in Hong Kong

Teacher education in Hong Kong underwent a major reform in 1995 when the
new Hong Kong Institute of Education was established. The former Colleges of
Education, which had existed for over 30 years, were replaced and amalgamated.
Initial teacher education programmes were restructured with the aim of upgrading
the quality of teacher preparation. At the pre-service level, the Institute offers a
two-year and a three-year Certificate of Primary Education programme. The entry
requirements for the two-year group is set at university entrance equivalence,
whereas the three-year group is set at a lower level. The first year in the three-
year programme is meant to be a foundation year to raise the students’ academic
standard. This group of student-teachers joins the two-year group in their second
year of study. At the end of the programme, both groups obtain the same

certificate.

The Certificate of Primary Education programme prepares students to teach three
to four subjects in primary school namely, Chinese, Maths, General Studies (an
integration of Science, Health Education and Social Studies) and one other
elective subject. Students can choose Science, Social Studies, Arts, Music,
Physical Education, English or Putonghua (Mandarin) as their elective subject.
The curriculum of the certificate programme was designed to meet the demands of
local primary schools, where all the teachers are expected to be capable of
teaching Chinese, Maths and General Studies. All the students in the certificate

programme will study a module on science academic knowledge, which aims to
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raise their understanding in areas particularly related to the topics in the General
Studies curriculum. The content of this module for the science and the non-
science group is different, taking into consideration their previous secondary
education background. Most of the non-science students are quite confused with
the contents in the module and have much difficulty in understanding the
concepts. In my experience, many of the science elective students find the
module content not directly relevant to their teaching in the primary school and

too difficult.

Although all the student-teachers are prepared to teach General Studies, of which
at least one-third consists of science elements, it is doubtful if they are all
confident and competent in teaching them. As science is offered as an elective
and admits students with science to secondary 7 level, the science elective
students are expected to be more competent in teaching the science topics. When
they graduate, these Science elective students are expected to take a leading role
in the school, as they are more familiar with the new curriculum and have an
adequate science background. However, the reality is that when all the students
graduate, regardless of their elective and secondary school background, they have
to teach General Studies, which contains science topics, in a primary school. In
view of this need for a better preparation in teaching General Studies for all the
students, there was an attempt to restructure the programme in 1996. Science was
also offered as an elective to the Social Studies elective students. This means that
this group of students who do not have science at secondary 7 level are also
admitted as science elective students, and this allows them to take an optional
module called Curriculum Studies which prepares them to teach science topics in
the General Studies subject. The module on Curriculum Studies in the science
elective develops their teaching skills, introduces teaching approaches, and
provides the opportunity for micro-teaching in science topics. Most of the science

elective students give positive comments about this module.

The science elective students, like all the other students in the programme, have a
chance to teach General Studies in both their year one and year two teaching
practice. There are 4 weeks of teaching practice in the first year of the two-year
programme and 8 weeks in the second year. Usually, the students have at least

one opportunity to teach General Studies. However, due to the structure of the
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General Studies curriculum, they may or may not have a chance to teach science
related topics. During the teaching practice, they have a chance to test out the
theories learnt, to have peer observation and in the first year to be under the
guidance of a co-operating teacher. The teaching practice provides an opportunity
for the student-teachers to test out the strategies that they have learnt in the

programme.

1.2 Primary science education in Hong Kong

The subject of primary science, which was taught for more than fifteen years, was
replaced by an integrated curriculum, General Studies, in 1995. There are debates
on the advantages and disadvantages of subject-separation against subject-
integration (Carin, 1993; Koballa and Bethel, 1991). The arguments rest on the
belief of the purpose of science education at primary level. One of the basic aims
of teaching science separately is to let pupils learn, from an early age, how
scientific information is obtained, and how it relates to evidence. =~ Arguments
supporting integration suggest introducing science more naturally, which assists
pupils’ understanding of the environment. It is mentioned in the syllabus for
Hong Kong General Studies (Primary I-VI) (1994) that through meaningful
activities children understand the inter-relationship and interdependence between
people, things and their environment, brought about by modern scientific and
technological advancements. This integrated approach claims to allow pupils to
look at issues from different perspectives, hence making their learning
experiences more holistic and less fragmented (Curriculum Development
Committee, 1994). However, teachers who feel insecure and incompetent in the
area of science experience great difficulty in teaching the integrated curriculum
(So, Cheng and Tsang, 1996).

1.2.1 An account of a "'typical'’ primary science lesson in Hong Kong

The concern for the quality of science teaching is realistic when science lessons in

Hong Kong are typically dominated by teacher-talk, with few opportunities for
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hands-on practical activities. Based on my experience as a teacher educator, the
primary teachers have a heavy reliance on the textbook and the accompanying
teachers’ guide. Very often these are the sole source of information on which the
teaching is based. On average, the teachers are occupied in class teaching for
about 80% of the school hours and there is very little time left for lesson
preparation. There is also a lack of science teaching resources in the school.
Most of the resources are provided by the publisher of the textbook, which may
include transparencies, wall pictures and CD Roms. However, as teachers have
little time for preparation, they may not even have time to find out if these
resources are suitable for their teaching. In teaching science topics, the teachers
are concerned mostly with covering the text in the textbook and getting pupils to

complete the relevant exercises in the workbook.

Practical activities are rare due to the limited time for lesson preparation, lack of
resources and the restriction of the small size of the classroom with a large
number of pupils. Many teachers rely on Educational Television to show pupils
the practical activities. Educational Television programmes are prepared for a
number of subjects including Chinese, English, Mathematics and General Studies.
The programmes cover the contents from primary three to six. The pupils may
watch the programmes at home or at school, and thus they may know all the
content before a certain topic is taught. In most of the schools, there are about
five lessons per week for General Studies and the teachers will devote one of them

to watch an Educational Television programme.

A typical science lesson is illustrated by the observation of one of the student-
teachers’ lessons in his first job. As the teacher was one of the student-teachers in
the present study, he understood what is meant by teaching based on a
constructivist view of learning and was influenced by the experience of the
Curriculum Studies module. Hence, the account may still vary from the
"typical”, although the practice was found to be close enough to what teachers

usually do in the science lessons in Hong Kong.

The topic was plants and the pupils were in primary four at age nine to ten. There
were about 30 pupils in the classroom with all of them sitting in rows facing the

teacher. The teacher started the lesson from where he had stopped in the previous
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one:

T: Yesterday we were talking about plants living in different places
having different characteristics. Does anyone remember why they
are different?

(There was no response for about 1 minute.) Teacher repeats the
question.

T: What are the factors that make them different?

P: Weather and season.

T: It is correct to say weather but they may not be different in
different seasons. There is one more factor.

P: Soil and nutrients.

T: Soil and nutrients have some effect but are not the major factors.
There is one more factor, which is more important.

P: Temperature.

T: Temperature, there is one more factor.

P: Rainfall.

(Ebol) (For a description of the coding, please refer to Chapter 3,
section 3.4.2.)

The pupils had a habit of remembering the key points or key words in the topic, as
this is important in examinations. The teacher introduced the development of the

lesson by asking the pupils to refer to the textbook:

T: Temperature and rainfall affects which species of plant can grow
and the way they live. Different types of plants live in different
places. How do plants adapt to the environment? Look at the
pictures in the book and see how the plant structures adapt to the
environment.

(Silence as pupils look at the pictures.)

What type of tree is that?

P: A deciduous tree.

T: Will the tree shed its leaves in autumn?

P: The leaf is dry.

T: Why did this happen?

P: There is less water in autumn and there is less rainfall. The
leaves are shed to prevent the plant from wilting.

(Ebol)

Teaching based on the content of the textbook is common as is the fact that the
teacher made use of the pictures in the textbook to guide the discussions.
However, the pupils were keen to find out the answers to the teachers’ questions

by reading the text:
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T: (Repeats the answer) Yes, that is correct. This decreases the
area of surface that is exposed to air and so decreases evaporation.
Besides this, there are other ways, in autumn; not all the trees shed
their leaves. Let’s look at other examples. What is special about
pine trees?

P: The leaves are sharp. This decreases the evaporation.

T: Do not just read the words, look at the picture of the leaves, how
are they different from normal leaves? What do they look like?

P: They are in the form of spikes.

T: Yes. Don’t just read the words, you can also find the answer
from the pictures. What is the advantage of being needle shaped?

P: This is another way of decreasing water evaporation.
(Ebol)

The teacher attempted to encourage pupils to observe the pictures and think about
the implications of the characteristics of a plant. The pupils were keener to read
directly from the textbook. The lesson continued in this manner for the whole 35
minutes. There were questions from the teacher, pupils' answers, and pupils
observing the pictures, and in the process a few pupils raised questions about the

adaptation of plants.

This lesson was close to a “typical” lesson in that there was no group activity for
the pupils, and teacher demonstration was rare, although this is more likely to
happen than group activities. Very often there is no pupil discussion in groups.
The pupils and the teacher rely a lot on the textbook, almost as the sole source of
information. This lesson is different from a typical one in that the teacher asked
challenging questions that stimulated pupils to think, he encouraged them to
observe closely and there were also pupils asking questions from time to time.
This can be interpreted as the influence of the Curriculum Studies module in the
teacher education programme which had emphasized teaching science based on a

constructivist view of learning.

1.3 Beginning Teachers in Hong Kong

In Hong Kong, the induction provision of beginning teachers is not widely
undertaken in schools (Cooke and Pang, 1991; Chan, 1996). As reported in a
recent study of secondary schools (Cooke and Pang, 1991), only 15% of the
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teachers who participated in the study had experienced some form of induction
provision. The Education Commission Report No. 5 (Education Commission,
1992) has recommended a systematic induction programme in secondary schools,
and has also recommended that one of the assistant principals in the school should
be responsible for arranging support for novice teachers. The situation in the
primary schools is largely unknown, and a unified induction policy is absent in
primary schools. Mentoring is still at an experimental stage in primary schools
(Chan, 1996). It can be expected that novices are left on their own and that
support from schools is limited, if not non-existent. While there may be informal
support from the more experienced teachers for the novices, the induction

provisions are not mandatory in schools, and a formal system has yet to be set up.

At present, graduates of the Institute of Hong Kong become qualified and
registered once they have successfully completed the Certificate in Education
programme. After the student-teachers graduate, the schools are the only parties
that evaluate the teaching performance of the teachers. Even if their work is
unsatisfactory during the 2-year probationary period, they may lose their job but
not their license to teach, although situations such as this occur very rarely. As a
result, it is doubtful if the quality of teaching is maintained or enhanced after the

teaching position is secured.

1.4 The Problem

There are three problems that have motivated the researcher to conduct the present
study. The first problem is related to the quality of science teaching, which in turn
may influence pupils’ achievement. According to the results of the Third
International Study on Science and Mathematics Achievement, the achievements
of Hong Kong students inscience were very different from their achievements in
mathematics at the grade eight standard (Law, 1997). They ranked 26 among the
44 participating countries in Science, while in Mathematics Hong Kong was
among the highest 4 in the list. The situation was more worrying when the results

of the Second International Study were considered. Science achievement for the
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primary 6 and the lower secondary students in Hong Kong was one of the lowest
among the 22 participating countries. It is a major concern among local science
teacher educators that students’ achievement in science is low by international
comparisons. There is therefore a quest to improve science learning and teaching
in primary schools. The data collection for the Third International Mathematics
and Science Study (TIMSS) was completed in 1993, while the new integrated
General Studies curriculum was introduced in 1994. Although little is known
about the effect of the new integrated curriculum on the science learning
achievements in primary schools, the situation is not expected to improve. The
lack of planning for lessons and inadequate resources in primary schools
aggravate the problem. The quality of science teaching at the primary level is of
great concern for local science educators. Improving the quality of the initial
teacher preparation programme is one of the attempts that may help to raise the

quality of science teaching in primary schools.

The second problem is associated with identifying ways of improving the current
teacher education programme in relation to the preparation of primary science
teachers. This does not seem to be an easy task due to the problematic context of
teacher education in Hong Kong, where the majority of the student-teachers have
an arts background in their secondary education (Cheng and Pang, 1997; Cheng,
1997). Teaching science has already been found to be difficult enough for
student-teachers with an adequate academic background suggested by a study of
beginning teachers with a science background at pre-university level (Cheng and
Pang, 1997). In the findings of the study, the novices reported more on the
teaching intentions they were unable to achieve, rather than on those they could
achieve in their science lessons. Some of the respondents even described most of
their lessons as "talk and chalk", and although some attempt to stimulate students
to think was made, they had little success in getting the students to engage in

thinking.

Science is taught in an integrated curriculum at the primary level, and all teachers,
regardless of their previous education background in science, are required to teach
the subject. The initial teacher education programme is charged with the
responsibility of improving student-teachers’ academic knowledge in science as

well as pedagogy. A study of student-teachers’ perceptions of primary science
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teaching (Cheng, 1997) revealed that the non-science elective student-teachers
(those with science at secondary two level) faced much greater difficulty in their
teaching practice than the science elective student-teachers (those with science at
secondary seven level). Their views of science teaching were largely inadequate,
as some equated science teaching to doing experiments, and their major concern
was whether the practical activities worked or not. Unlike the science elective
student-teachers, they did not consider safety issues, or pupils’ abilities and
previous knowledge in planning their lessons. Moreover, the student-teachers
found that the academic studies module in the teacher education programme
repeated their negative experience of science learning during their secondary
schooling, instead of raising their academic standard in the subject. This suggests
that the teacher education programme was inadequate in preparing student-
teachers to be competent and confident in teaching science. ~ There must be
efforts to identify ways of improving the current practice of preparing teachers to
teach primary science in the initial teacher education programme. In particular,
ways to support the non-science student-teachers need to be identified. This is
because the non-science group makes up the majority of the student-teacher
population, as out of a total intake of 500, approximately only 40 to 60 student-
teachers have science up to pre-university standard. If the quality of science
education is to be improved, ways of preparing the majority of the student-

teachers to teach science needs to be considered.

The third problem is associated with developing the classroom practices of the
student-teachers and beginning teachers. Although teacher educators may strive
to improve the quality of their teacher education programmes, these programmes
may have little influence on the classroom practices of the student-teachers.
Researchers (Calderhead and Robson, 1991; Zeichner and Gore, 1990) explained
this as student-teachers having preconceptions about teaching based on their
learning experience, and that these "role models" are not easily replaced by
education and teaching units in the teacher education programme. While the
preconceptions of the student-teachers may be a concern, Cater (1990) suggested
that "school-based socialization accounts for the low impact of teacher
education". Moreover, researchers (Olson and Osborne, 1991; Etheridge, 1989)
are concerned about developing an understanding about how the cultures of the

school and the teacher education institute influence the novice teachers in their
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learning process. Hence, apart from identifying ways to improve the initial
teacher education programme, the teacher educator needs to identify the needs of
the beginning teachers and support them in their beginning teaching. The result of
these two attempts may eventually lead to an improvement in the quality of

science teaching in schools eventually.

Given the situation that the quality of science teaching is a concern in Hong Kong,
that the quality of the initial teacher education has to be improved, and that ways
to support beginning teachers have to be identified, it is important that teacher
educators (i) devise strategies that can better prepare the student-teachers to teach
science in primary schools and (ii) understand more about the process of learning

to teach among the student-teachers and the beginning teachers.

1.5 An overview of the thesis

Having described the problem and aim of the study in this chapter. The second
chapter is a literature review outlining studies and theories on the constructivist
and sociocultural views of learning. Based on a constructivist view of learning,
implications for science teaching are also explained. Studies on teacher
development models and teacher socialization experiences are described. The
literature forms a basis from which teacher development is defined and analysed.
Chapter Three describes the method of the study, including the intervention
strategies, the data collection and data analysis. The prior views about learning
and teaching among the student-teachers are described in Chapter Four. Chapters
Five and Six portray the learning experience in the Curriculum Studies module
and the teaching practice respectively. Chapter Seven analyses the needs of the
beginning teachers as they enter into teaching, and presents the two resource
packs which were designed based on these needs. Chapter Eight reports on the
implementation experience of the beginning teachers, and depicts the learning
process during beginning teaching. Chapter Nine attempts to theorize the findings
of the study and describes learning to teach as a sociocultural activity. Chapter
Ten concludes the study, and the implications for teacher education and further

research are drawn.
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Chapter 2

Literature Review

2.1 Introduction

The present study looked at the process of teachers learning to teach as student-
teachers and beginning teachers. Therefore, the novice teachers were seen as
learners. Teacher educators have examined teachers’ learning from different
perspectives, namely, learning theories that explain teacher learning, the
knowledge to be learnt, the type of teaching teacher educators hope teachers will
learn, and the type of teaching that was learnt (Feiman-Nemser and Remillard,
1993). In the Teacher Educator’s Handbook (Feiman-Nemser and Remillard,
1993), teacher learning from each of the perspectives is analysed, the implications
for teacher educators’ practice in facilitating the task, knowledge and dispositions
to learn are drawn, and the processes and opportunities to learn are identified.
Borko and Putnam (1996), in looking at teacher learning from a cognitive
psychology perspective, developed an analysis of teachers’ beliefs and knowledge,
and ways to change them, how the learning is influenced by the school culture,
and ways to support teacher learning. There are studies on more specific forms of
teacher learning, for example Kennedy (1998), who examined how teachers learn
to teach writing. The study reported on teachers’ experiences as learners,
emphasizing the importance of longitudinal studies that investigate teacher

learning, and concluded by defining teacher learning as the transformation of
beliefs.

While the present study looked at teachers as learners and describes their
development, this chapter draws on the literature to identify studies in three areas:
e Views of learning
e Science teaching

e Teacher education for science teachers

In the first area, the implications of constructivist and sociocultural views of

learning for science education and teacher education are considered. The
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sociocultural view of learning is relevant for analyzing teacher development or
teacher learning while the constructivist view of learning informs the teaching of
science. The second area examines the meaning of teaching science based on a
constructivist view of learning. In the present study, the student-teachers were
prepared to teach science based on a constructivist view of learning. The third
area defines the practice of teacher educators to prepare student-teachers to teach
based on a constructivist view of learning. These strategies mainly inform the
design of the interventions of the present study. Further, the relationship between
science teaching efficacy beliefs and teaching confidence is explored. This area
relates to the development of the student-teachers in terms of their confidence to
teach science based on a constructivist view of learning. The third area also
provides a review of the different models of teacher development and studies of
teacher socialization. Finally, this chapter includes the aims that guided the

present study, and the research questions are listed.

2.2 Views of learning

This section describes two views of learning that may inform both science
teaching and learning, as well as teacher development. Given that teacher
development may be seen as teacher learning, there are commonalties between the
processes of learning and learning about science teaching. The two views of
learning reviewed in this section are the constructivist view and the sociocultural
view. The former is relevant in the present study for helping the student-teachers
to teach based on a constructivist view of learning, and the latter provides a

background to understanding the process of learning to teach.

2.2.1 Constructivist views of learning

The basis of a constructivist view of learning is that learning is effected by an
individual when a mental representation of an object, event or concept is formed
or constructed. Resnick (1991) suggested that mental representations which can

both enable and constrain individual learning, are a basis for mental and physical
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actions. The following review looks into four categories of constructivist views of
learning, namely, Piaget’s approach (Piaget, 1970), the personal construct
psychology approach (Kelly, 1969), personal constructivism (Osborne and
Wittrock, 1985), and social constructivism (Bell and Gilbert, 1996). The
discussion touches on each of the views briefly, and implications for the learning

of science and science teaching are drawn.

Piaget’s approach is characterised by the view that knowledge is constructed by
the cognition of the individual, and the process by which the person constructs the
knowledge of the world is of central concern (Piaget, 1970). The process of
learning is described as equilibration. The individual assimilates new information
into the existing mental structure, and if the process of assimilation fails, the
information will be accommodated in a modified form or the mental structure is
modified. These processes of assimilation and accommodation were referred to as
equilibration, which was seen as an essential process in learning. Moreover,
Piaget conducted research programmes that aimed to look at an individual’s
cognition through the development of content-independent logical structures and
operations, for example, logico-mathematical reasoning. The learning of an
individual was dependent on the personal developmental maturity according to the
defined stages of development such as concrete and formal operational stages.
Although Piaget’s perspective can be seen as the root of a constructivist view of
learning, there were problems with his perspective as outlined by O’Loughlin
(1992). Firstly, both the level with which an individual operates and the world can
change, while Piaget’s perspective takes a view that the individual can operate at
the formal operations level without considering the possible changes in the
environment. From a social constructivist point of view, knowledge is socially
constructed, and knowing is a dialectical process (Bell and Gilbert, 1996). Instead
of adapting to the reality from a Piagetian perspective, the individual is involved
in examining the reality critically, and constructs critical visions of the reality.
This process empowers individuals to envisage and enact social transformation.
Thus, both the knowledge of the individual and the world is changed in the
process. Secondly, the content-independent view and the emphasis only on
individual cognition are problematic. The emphasis on decontextualized learning,
decentration from experience, and rationalizing individual’s relationships with the

world is criticized. This view ignores the influence of the social, cultural and
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historical aspects in the learning process, and the place of socially constructed
knowledge. However, in theorising about learning, the social aspect has gained an
increasingly prominent position. The importance of the dialectical interchange

between the individual and the society is now being realised.

The personal construct psychology approach was developed by Kelly (Kelly, 1969,
Pope and Gilbert, 1983) who described the individual as a scientist who creates an
understanding of the world which is composed of tentative hypotheses about the
world. These hypotheses are the composition of the personal construct. Past
experiences are explained and future directions are predicted based on these
hypotheses or the personal construct. Hence, the physical and social worlds are
both compared and explained against the personal construct. While this view of
constructivism does not limit the application of the personal construct, changing
or unchanging of the personal construct was seen as relying on the individual
alone. The social environment was not seen as directly influencing the changes,
and interactions between individuals were not necessarily seen as leading to
consensus or construction of shared knowledge. This approach was mainly
proposed on a personal view of learning with little regard to the social

environment or interactions.

The above approaches (the Piagetian perspective and the personal construct
psychology approach) argue that learners compare new learning with past
experiences, and that new learning is a result of replacing or changing their
previous concepts. In a similar perspective, Osborne and Wittrock (1985)
described children’s science learning based on research on alternative conceptions
or “children’s science”. Their generative view of learning suggested that the
learner’s prior or existing ideas influence how sensory input is selected, ignored or
made use of. Secondly, the sensory input itself has no meaning until the learner
actively generates linkage between the sensory input and their prior experiences.
Thirdly, the linkages and the process of making meaning out of the input is a
personal construction process. The new concept may be tested and applied
further. This process of personal construction is an active one in which the learner
has to accept major responsibility for the mental activity. The importance of the
social aspect in helping the individual to link up existing ideas or prior

experiences has yet to be defined.
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The above approaches assume a common idea that the existing conceptions of the
individual guide the construction of understandings. The learners have prior ideas
that may influence their subsequent learning. Learning is forming linkages
between what the learner already knows and the new knowledge. Knowledge is
actively constructed by the individual, and images of the world are formed as a
result of the construction. In personal constructivism, learning is seen as an active
process as the individual learner makes linkages between existing ideas and new
ones. Moreover, the learner has to assume the major responsibility in learning and
mental processes. The individual is seen to have agency, that is he or she can

decide or not decide to change their existing conceptions.

As described above, in the personal constructivist view of learning, the influence
of the social context on the learning process is not addressed, and that knowledge
is seen as personal rather than socially constructed. In attempting to explain
science learning, the social constructivist view of learning was developed. Driver,
Asoko, Leach, Mortimer, and Scott (1994) described the construction of science
knowledge in the classroom and related how the students are socialized into the
community of science by the teacher. Apart from learning the concepts, this
socialization process involves helping students to communicate and think
scientifically. Science knowledge is seen as socially constructed by scientists, and
students learn this socially constructed knowledge through interacting with the
teacher and their peers. Although science knowledge is seen as personally
constructed, this socialization process also involves social mediation through
interaction with other learners and the teacher who comes from a scientific culture
(Tobin, 1993). Moreover, science educators (Bell and Gilbert, 1996) defined a
social constructivist view of learning in relation to teacher development as

composed of the following characteristics:

e Knowledge is constructed by people.

e The construction and reconstruction of knowledge is both personal and
social.

e Personal construction of knowledge is socially mediated. Social
construction of knowledge is personally mediated.

e Socially constructed knowledge is both the context for and the

outcome of human social interaction. The social context is an integral
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part of the learning activity.

e Social interaction with others is a part of personal and social
construction and reconstruction of knowledge. (Bell and Gilbert, 1996,
p-50)

This part of the literature review has described approaches related to personal and
social constructivist views of learning. The personal constructivist view partially
informs the present study by the ideas about learners (school pupils and student-
teachers) having prior experiences or ideas that influence subsequent learning.
For learning among school pupils, this can be applied when considering the
learning of the pupils who hold preconceptions about science, and the learning of
the student-teachers who had past experiences in their education. The view about
the formation of the linkages between new and old concepts informs the practice
of science teachers. Moreover, the importance of pupils accepting active
responsibility for their learning is also emphasized in science teaching. For
learning among student-teachers, this view is consistent with findings in other
studies on learning to teach (Borko. and Putnam, 1996; Kennedy, 1998). These
studies suggest that student-teachers come into the teacher education programme
with their own beliefs and images about teaching which are accumulated or
established through their previous education experiences. These views are
changed or gradually transformed during the process of teacher education.
Although the theme of constructing or changing their beliefs in teaching is
consistent with a personal constructivist view of learning, this explanation
provides only part of an account of the picture of teacher learning, as the social

aspect of learning is not given full consideration.

2.2.2 Sociocultural views of learning

A fuller consideration of the social aspects of learning is given in sociocultural
views of learning where learning can be taken as both an individual and a social
activity. The personal constructivist view emphasizes the individual learner in
acquiring knowledge and cognitive skills (Anderson, Reder and Simon, 1996).

Furthermore, a personal constructivist view of learning also suggests the
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construction of mental representations of concepts or ideas in the mind of the
individual (Resnick, 1991). On the other hand, learning can also be viewed as a
sociocultural activity. A sociocultural view considers learning as influenced by
the sociocultural context, emphasizing the participation of individuals, the
interactions between them, and the construction of knowledge through their
interactions (Salomon and Perkins, 1998). This includes the Vygotskian
perspective that learning depends on the interaction between the child and the
more competent others (Howe, 1996). According to these perspectives, the
culture and the social interactions are important parts of the learning. Learning
can be seen as a socialization process into a new culture through the use of

cultural tools such as signs, languages, and computers.

In order to provide an overview of what is meant by a sociocultural view of

learning relevant to this study, the meanings of social learning provided by

Salomon and Perkins (1998) are summarized. Salomon and Perkins (1998)

proposed a perspective that looks at both the individual and the social aspects,

emphasizing the interactions between the individual’s mind and the participatory

process in the social environment or the culture. They distinguished six meanings

of social learning, three of which are of relevance to this study:

i. Active social mediation of individual learning. This refers to the learning of

an individual as a result of the active social mediation from another person
who may be a teacher or a peer. In this case, the social system or a
facilitating social agent helps the individual to come to new understandings.

ii. Social mediation as participatory knowledge construction. Learning is seen
as a social process in which knowledge is constructed by the group.
Interactions between individuals are important and learning must be
considered in the light of the social context in which it occurs (Wertsch, del
Rio and Alvarez, 1995). Knowledge is considered to be jointly constructed
by the participants, and is distributed in the social system. The social
processes are a part of the learning process.

iii. Social mediation by cultural scaffolding. In this case, the individual learner
is helped by the use of cultural artifacts that may range from books,

computers, resource materials and sign systems like speech genres.

The sociocultural view of learning explains learning as a result of mediation.
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There are three main emphases made explicit by Wertsch (1991): learning as an
individual and a social process, learning involving the interactions between the
individual and the society, learning involving human action and learning involving
the use of tools and signs. These emphases are summarized in the following

suggestion:

1) a reliance on genetic or developmental analysis; 2) the claim that
higher mental functioning in the individual derives from social life;
and 3) the claim that human action, on both the social and
individual planes is mediated by tools and signs. (Wertsch, 1991,

pp-19)

Wertsch’s above suggestion is founded on the three themes that ran through
Vygotsky’s writings. Mediation is the process of socialization into a culture that
involves the use of the tools and signs to shape action (Wertsch, del Rio and
Alvarez, 1995). These tools and signs are referred to as mediational means and
they are “products of cultural, historical and institutional forces” (Wertsch, 1991).
The mediational means provide a linkage between individual actions and the
cultural settings. For example, human language is one of the widely and
frequently used mediational means, it is important in shaping thinking and hence
action. Wertsch (1991) related how Vygotsky focused on different forms of
speaking in relation to different forms of thinking. Mediated actions involve the
use of mediational means as well as the intentions of the individual or agent using
them. The mediated action is performed with the influence of both the intention
of the agent and the cultural settings which shapes the mediational means. In
teacher education, the process of helping novice teachers to learn to teach can be
seen as mediation. The use of language, signs and resources that help the novices
to learn are the mediational means. These mediational means are introduced with
the intentions of the teacher educator * through mediated actions. Moreover, the
mediational means and mediated actions carry with them cultural meanings.
These form a bridge between the novices and the professional teaching culture.
The use of mediational means and the performance of mediated actions involve

interactions between the teacher educator and the novices.

In explaining how mediational means and mediated actions help individuals to

learn, the sociocultural view of learning implies a close consideration of the
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interactions between the individual and the social system. Perkins (1993) put
forward the notion of “person-plus” to explain the learning of individuals. He
suggested taking on a person-plus perspective of thinking and learning. That is,
we need to consider the person plus the surround. In other words, the social
system is taken as one unit, and thinking is accomplished partly by the person and
partly by the social surround. He also argued that conventional schools do not
seem to emphasize the involvement or facilitation of the surround, and much of
the attention is given to the person-solo. This gives rise to the problem of
transferring what is learnt in schools to real-life applications. If learning is seen as
an activity that belongs to the person-plus, then the teacher will have to find out
ways in which the surround can support and form part of the learning of individual
learners. When applied to science education, this means looking at ways to
enhance pupil-pupil interactions. As pupils learn when they are interacting with
each other, teachers need to arrange for opportunities for pupils’ discussion,
participation in activities such that they may interact. The interactions themselves
form part of the learning. In teacher education, this means a consideration of the
interactions between the teacher and the school or teacher education institution, or
interactions with other teachers in the school, or with other student-teachers in the
teacher education institute. In these interactions, the individual teacher or student-
teacher may reflect on their own ideas. Learning to teach is thus both a cognitive
and a social process. Teacher educators therefore need to arrange for workshops

or opportunities for discussions to facilitate the interactions.

Having described how interactions may support and form part of the learning,
studies on teacher learning share with the sociocultural view of learning the
importance of interaction. In describing learning to teach, Borko and Putnam
(1996) summarized the findings of a number of studies on changing teachers’
theories of teaching reading. Their summary suggests that by encouraging
teachers to formulate their own practical arguments for their pedagogical actions,
and by sharing these arguments with knowledgeable others in an in-service
workshop, teachers can make their own beliefs explicit, and hence are more likely
to exhibit changes in their personal theories of reading. Moreover, Feiman-
Nemser, and Remillard (1993) proposed teacher learning in “authentic” activity
based on the argument that teacher knowledge is a form of situated cognition.

Teacher learning is seen to be socially supported and talking about a topic
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supporting the learning is also an integral part of the learning. Given the
importance of interactions, teacher development activities need to include

opportunities for the teachers to interact with each other.

The sociocultural view of learning considers interactions at both a cognitive and a
social level. In order to explain how individuals learn, Wertsch (1991) referred to
the mental functioning of the individual as intramental actions, while the
interactions between the individual and the social system are referred to as
intermental actions. According to Wertsch (1991), the importance of the linkage
between the individual with the cultural, historical and instructional context was
first considered in Vygotsky’s late writings. He urged that actions be analysed as
belonging to both the individual and the social. Individual actions are seen as a
component of the social. Moreover, the development of the individual actions
influences the social, and vice versa. In teaching and learning situations, the
interactions between the teacher and pupils as well as those between the pupils
themselves can be considered as intermental actions. At the same time, these
interactions influence the thinking of the individual or the intramental actions.
Moreover, the intramental actions of the teacher are influencing the thinking of the
learners through the intermental actions. Hence, learning is achieved both through
individual thinking and social thinking. This means that learning is both a

cognitive and a social process.

Mediated actions which facilitate the learning process can be seen as ways that
form linkages between the intermental and intramental planes. Extending
Vygotsky’s idea of the social situatedness of mediated actions, Wertsch (1991)
pointed to mediated actions as linkages between the intramental and the
intermental planes. The emphasis on the social situatedness of a mediated action
means that the action is designed in accordance with the contextual situation. In
helping student-teachers to teach science based on a constructivist view of
learning, an example of a mediational means may involve the provision of a
primary science teaching resource package for the beginning teachers. The
resource package could include the unit plan showing the preconceptions that
pupils may possess, the new concepts to be developed, and the activities to be
conducted. Apart from the unit plan, there could be worksheets, suggestions for

activities, and background reading materials for the beginning teachers. These
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materials would serve to help the novice contextualise what is learnt in the teacher
education programme to their classroom situation. If the design and organisation
of the materials are made based on the constructivist view of learning, the
resource package would serve as a mediational means for the novices that
socialize them into a culture of teaching science based on a constructivist view of
learning as advocated by the teacher educator. Further, the teacher educator
discussing with the novices the use of the package, could be taken as a mediated
action. The task of the teacher educator is to interact intermentally with the
novices about teaching science based on a constructivist view of learning, as well
as to socialize the novices into the culture of primary teaching that values the

constructivist views of learning.

From a sociocultural view of learning, Wertsch (1991) explained how mediational
means facilitate learning. He proposed that the decontextualization of mediational
means results in the mastery of abstract forms of knowledge. This notion of
decontextualization treats knowledge as abstract objects free from the context or
interactions between intermental or intramental action. However, in the thinking
of the individual, these abstract images are further contextualized. This process of
recontextualization or reinterpretation in the context of the individual gives rise to
new meanings. It therefore means that in order to facilitate learners to make
meanings out of an abstract concept, the teacher should consider ways that help
the learners to contextualize and recontextualise the concept. In the teacher
education programme, the design of teaching and learning is contextualized with
the values and views of learning held by the teacher educator. The knowledge
about teaching is then abstracted into basic principles about teaching and these
principles are decontextualised. When the student-teacher starts to teach in a
classroom, these principles are then recontextualised into the specific classroom
situation and the needs of the pupils. Hence, learning to teach involves
contextualisation, decontextualisation and recontextualisation among the student-
teachers. The role of the teacher educator is then to facilitate this process to occur

through mediated actions.

Language is an important mediational means and most mediation is achieved
through this. Wertsch (1991) maintained that languages mould cultural and

institutional forces, which in turn shape ideas and thinking in the individual’s
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mind. Consistent with how the mediated actions enhance interactions between the
inter- and intramental planes, language, as one mediational means, also effects the
same linkage. Wertsch (1991) made this argument based on Bakhtin’s view of
social languages and speech genres, which are appropriated from the social
settings through dialogic processes. Wertsch (1991) further describes the meaning
of a social language, speech genre and the appropriation of a social language. A
social language for Bakhtin is the language used that is specific to a stratum of
society (for example, the teaching profession). A speech genre is described as a
special form of speech that carries with it a meaning from the cultural setting and
the individual’s meaning. A speech genre is also a highly predictable framing
device to understand the cultural meaning. For example, in the school, the
beginning teachers can imply what other teachers may think about their teaching
from their expressions as they pass by their classroom. Social languages are
shared by other people or professions in society; the learner’s task is to make it
“one’s own” and use it with his or her particular intention. The process of making
the social language ‘“one’s own” is referred to as appropriation. The
appropriation, or the dialogic processes, means that an interaction between the
intramental and intermental planes must occur. When applied to science learning,
this means the appropriation of the scientific language on the part of the pupils
through their interactions with the teacher or with their peers. When applied to
teacher education, it means the interactions between the novices, with the teacher
educator, and with their peers that result in the appropriateness of the language for
teaching science in the primary classrooms. As suggested by Wertsch (1991), the
mastery of a particular language is essential in the process of socialization. In this
sense, the novice teachers’ appropriation of the language of teaching science can
be regarded as the mastery of a language as they are being socialized into a

community of science teaching.

Although this argument emphasizes social interactions, the mastery or the
appropriation of language by an individual represents a change in the thinking or
the mind of the individual. Speech genre, or the social language, is seen as a
mediational means that facilitates the thinking process. Moreover, since the social
language is acquired or appropriated through the socialization process, the
individual’s thought, which is expressed by the social language, is also

significantly influenced by the social context. It therefore suggests that the
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thinking of a novice teacher as a learner is influenced by the social constructs in
the school. Concluding from this, it can be seen that the thinking of the novice

teacher is mediated by the speech genre used by other teachers in the school as

well as what other teachers think about teaching.

Apart from language, the use of artifacts is one of the mediational means to
facilitate learning. Pea (1993) argued that the use of artifacts could shape or
advance the activity by providing the possible and necessary elements of the
activity. The design of the artifact or the resource is largely dependent on the
agent’s intention, which may modify the activity of another individual. For
example, the learning of the student-teachers may be mediated, influenced or
shaped by the resources provided by the teacher educator. The teacher educator
may encourage the student-teachers to teach science based on a constructivist
view of learning by providing them with a number of references or readings on the
development of children’s science ideas, or resource books that provide worked
examples of teaching science with an interactive approach. Further, the provision
of examples of worksheets that encourage children to write down their own
questions and video clips of science classes may also serve as resources for
helping the student-teachers to construct their understanding about what teaching

science is like based on a constructivist view of learning.

One way to bridge individual and social aspects of learning and thinking is that of
Rogoff’s (1995) suggestions to employ three planes of analysis to analyse human
action. These planes are: apprenticeship, guided participation and participatory
appropriation. These three planes were described as inseparable, and mutually
constituting, but each could be the focus of analysis with the other two in the
background of the analysis. The apprenticeship plane of analysis explains
sociocultural activity from a community plane. Apart from focusing on expert-
novice dyads, the apprenticeship plane of analysis considers constraining and
supporting resources in the institutional structure that facilitates the activity. On a
community plane, the resources available in the institution carry with them
cultural values and meanings which may shape individual actions. This plane also
emphasizes the interaction between peers in the process as they interact, and
challenge each other in the process. Guided participation refers to the

interpersonal plane of analysis.  This emphasizes the interactions and



Literature Review 24

communications between the participants in the activity, in which case the
participants may or may not be known or visible to each other. The individual
may follow the decisions made by other participants regardless of whether there is
a contribution from the individual in making the decision. According to the
notion of guided participation, the individuals may be influenced by the
participants who are not known or who are invisible. These can be visualized as
influences that are mediated through cultural artifacts like tools and signs,
including language. For example, as pupils are influenced by thoughts of
scientists, most of these scientists are not visible to the pupils. The third plane of
analysis is participatory appropriation. This plane of analysis emphasizes the
change in the participants during the process as they perform the activity. The
roles of the participants are changing and the interactions between them are active.
This plane of analysis is characterized by the dynamic nature of interactions, and

- how past experiences may inform and transform the activity. These three
planes of analysis can be applied to explain the learning process of the novice
teachers as their teaching actions interact with the school context. While all three
planes of analysis emphasize the interactions between the individual and other
participants in the system, the participatory appropriation plane of analysis
assumes a more active role in the individual, and is different from the other two
planes of analysis in the stress on the dynamics of the interactions and the
changing roles of the participants. The three planes of analysis may serve as good
lenses for studying the development of the novice teachers and offer potential
explanation of how the student-teachers, beginning teachers learn as they interact

with each other, with the teacher educator and with the school.

From a sociocultural view of learning, the student-teachers and the beginning
teachers are seen to be learners whose learning is not only an individual process
but is also influenced by the social surround. The sociocultural view of learning is
therefore more appropriate for studying the learning of the novice teachers. The
characteristics of the sociocultural view of learning which may be applied in
explaining teacher education or teacher’s learning include:
i. Social interactions are important in effecting the learning. Learning to teach
can be seen as a socialization process into the teacher education and school
context.

ii. The learning of the novice teacher may be facilitated with social mediation
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iii.

1v.

Vi.

Vil.

Viii.

from the teacher educator, their peers or other teachers in the school who
make up the social system.

The participation in social interactions and providing support for learning is
in itself a part of the learning process.

The learning from the teacher education institute is contextualised by the
teacher educator and the learning is then abstracted into basic principles or
decontextualised and has to be recontextualised in the school or classroom
context.

The learning of the novice teacher may also be facilitated by mediational
means which includes cultural artifacts and language. The use of cultural
artifacts includes reference books, samples of pupils’ activities, sample
worksheets, and activities conducted in the teacher education programme.
Language is an important mediational means that shapes ideas and thinking
in the novices’ minds.

The mediated actions and the cultural artifacts serve as linkages between the
individual learmer’s (novice teacher’s) mind and that of the teacher educator.
They help interactions on the intermental and intramental planes.

Learning to teach may be explained as an apprenticeship, guided
participation and participatory appropriation which range from a community
to an individual plane of analysis. The latter emphasizes the change in the
participants as they perform the activity, their active role and their changing

role as learners and transformers of the activity.

2.3 Science teaching

This section looks into studies of science learning and teaching that inform the

present study in helping student-teachers to teach science. The first part of the

section describes teaching science with a constructivist view of learning in terms

of teacher classroom practices and looks into research which shows that such

teaching does promote better learning. The second part compares teaching science

with a constructivist view of learning with teaching science using other teaching

approaches. The third part highlights the importance of interactions in helping

pupils to learn science. For the present study, this part of the review identifies
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what is meant by better science teaching and makes clear the direction towards

which the student-teachers need to develop their science teaching professionally.

2.3.1 Teaching Science based on a Constructivist View of Learning

Given the scenario of a “typical” primary science classroom in Hong Kong,
wherein science teachers tend to rely heavily on the textbook and there is limited
interaction between the teachers and the pupils, it is more appropriate to help the
student-teachers to teach science based on a constructivist view of learning. This
may help them to realize the importance of lesson preparation, group activity and
interactions in the classroom. This section looks into research in the area of
science education which explains what is meant by a constructivist view of
learning, and describes the implications of this view of learning on the teaching of
science. Research into children’s ideas of science (Osborne and Gilbert, 1980) has
found that children may hold different ideas about science, which can be different
from the scientific view (Driver, 1981; Driver, Guesne and Tiberghien, 1985).
Benson, Wittrock and Baur (1993) elicited pupils' conceptions of air by asking
them to imagine a magic, magnifying glass looking into an empty flask. Their
research indicated that pupils have different concepts of air, including a
continuous model as distinct from a particulate model, and a top vacuum model
against an evenly distributed model. The research findings also indicate that
pupils find it difficult to visualise space between particles.  In another study,
BouJaoude (1991) revealed that children's conceptions of burning are based on
everyday experiences. These views are fragmented, inconsistent, and not unified
into a coherent set of understandings. These studies suggested that children’s
ideas about science can be different from the scientific view and future learning

may be influenced by these ideas.

Having these ideas about science, children interpret new knowledge based on
these ideas (Osborne and Freyberg, 1985) and may eventually form a view that is
different from the teacher’s or the scientific view. Northfield, Gunstone and
Erickson (1996) quoted a summary of findings from research on students’ science
understanding over twenty years by White. The summary suggested that many

students retain their own preconceptions about science which were formed outside
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the science classrooms even after they were taught the scientists’ view. In
addition, there may be a wide range of discrepancies between teacher and pupil
perceptions in the science classroom, namely, the scientific context of the lesson/
activity, the scientific purpose of the lesson/ activity, the scientific design of the
investigatory activity, doing the activity, getting results, thinking about what was
done and what happened, the impact of the experience on children's views, and the
relationship to predetermined outcomes (Tasker and Freyberg, 1985).  The
research on children’s ideas about science has led to the development of a
constructivist view of learning in science. These discrepancies between the
children’s science, their interpretation of the classroom activities and the teacher’s
view were explained by the situation that children interpret their new knowledge
or experiences based on their previous concepts (Osborne and Freyberg, 1985).
Therefore, in order to help the children to learn, the teacher has to acknowledge
the existence of the children’s ideas. Moreover, based on a personal constructivist
view of learning, children are involved in the learning process by making linkages
between the new and old ideas (Osborne and Wittrock, 1985), or are assimilating
new information into the existing mental structure or are accommodating the new

knowledge in a modified form (Piaget, 1970).

The constructivist view of learning has a number of implications for science
teaching. Science teachers need to focus on the learning of the pupils instead of
their own teaching by:

e acknowledging pupils’ preconceptions;

e helping pupils to undergo conceptual change;

e helping pupils to take a greater responsibility for their learning;

e helping pupils to make connections in their learning;

e helping pupils to apply what they have learnt.

First of all, science teachers need to acknowledge the ideas that children hold
about science which are often described as ‘“alternative conceptions”,
“misconceptions” and “preconceptions”. The use of these terms implies different
assumptions about the learning and teaching of science. The term “alternative
conceptions” is used to describe the ideas that pupils have and may use to explain
how things behave as they do (Bell, 1993a). The term “preconception” has a

similar meaning and assumption about learning. However, the term
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“preconception” stresses that the idea is held before the science lesson has
occurred, while “alternative conception” may still be held after the lesson as the
pupils reject the new ideas. The term “misconceptions” emphasizes the fact that
the ideas that pupils have are different from scientists’ ideas and that they are
wrong. The science teacher’s role is to correct the misconceptions to achieve
scientists’ conceptions (Ebenezer and Connor, 1998). These “misconceptions”
may be held before or after the science lessons, but have to be modified by the

“correct” scientific ideas after the science lessons.

Although there are different terms for describing children’s ideas about science,
each of which imply different assumptions about teaching, identifying and
acknowledging children’s ideas is important in the teaching of science. Based on
a constructivist view of learning, the teachers’ role is to start with the
“preconceptions” and help the learners negotiate their own understanding towards
the science concepts (Ebenezer and Connor, 1998). The importance of
acknowledging children’s ideas and then helping students to understand the
science concepts were highlighted by Stavy (1990) and Cosgrove and Osborne
(1985). Stavy (1990) suggested using the students’ ideas as a starting point for
teaching and promoted the use of analogies in changing their ideas. In helping
students to modify their alternative science conceptions, Cosgrove and Osborne
(1985) proposed a “Generative Learning Model of Teaching”. The emphasis of
the model is on the preliminary phase in which the teacher needs to understand the
children’s view, and in other phases to make the science view intelligible and

plausible by their teaching activities such as demonstration or experimentation.

Secondly, based on a constructivist view of learning, science teachers need to
address the fact that pupils come to science class with previous conceptions, and
help them to undergo conceptual change. As Ausubel (1968) states, "The most
important single factor in influencing learning is what the learner already knows;
ascertain this and teach him accordingly." More recently, Appleton (1997)
suggests that teachers should constantly compare pupils' ideas with scientists'
ideas and find the fitness of match during the learning process. Similarly,
Demastes, Good and Peebles (1996), in studying patterns of conceptual change in
evolution, found that pupils' change in concepts does not always occur as

"wholesale" change, meaning that their ideas do not revert to scientists' ideas
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completely and instantaneously after the lesson, but instead, a cascade or gradual
change occurs. The teacher should hence realise in the first place the conceptions
that children hold at the beginning, and realise the changes as the teaching

progresses.

Thirdly, teachers need to encourage pupils to take a greater responsibility for their
learning and think actively in the science lessons. An attempt with an aim to
improve the quality of teaching and learning, though not specifically on science
teaching, is made by Baird and Northfield (1987) in the PEEL project. Consistent
with a constructivist view of learning, students are encouraged to think about their
learning and bring up questions on the topic, organising them into lists, and

determining their interrelations.

Fourthly, teachers need to help pupils to make connections and apply what they
have learnt. Brown (1992) suggested that teachers should use examples in
teaching physics. The connection of the examples to previous concepts is
important in order for pupils to easily make sense of their learning. From these
findings, the implications for teaching based on a constructivist view of learning
included recommending that teachers start with evidence and begin with examples
that maximize perceptual reinforcement for correct intuitive knowledge and
common typical examples. Moreover, teachers were also encouraged to set the
boundaries in helping the students to apply the knowledge and channel the
knowledge to relevant problems. In addition, the importance of helping to
develop their existing ideas and applying them in new situations is stressed by
Brown and Clement (1989). Recognizing the appropriateness and the
applicability of models in different situations are also seen to be important

learning outcomes (Stavy and Berkovitz, 1980).

To summarize the implications of the constructivist view of learning on science
teaching, the present study focused on teaching science as taking into account

pupils’ thinking, which was illustrated by Bell and Gilbert (1996) as:

o finding out the ideas, opinions, interests, concerns, and experiences
that students bring to a lesson;

e encouraging the students to think about their own prior ideas and (new)
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scientific ideas;

e finding out what meanings the students are constructing during the
lesson;

e presenting and explaining the scientific ideas using a variety of
resources (including the teacher);

e responding to, and interacting with, the students’ thinking;

e helping students ask questions, find answers to their questions, and
investigate and test out their own ideas;

e initially teaching science in contexts that are familiar to and of interest
to students;

e helping the students to reflect on their own learning, in terms of both
the degree of understanding of the content, and ways of thinking and
learning; and

e assessing the change and growth in students’ ideas, as well as the
extent to which they have learnt the scientific ideas. (Bell and Gilbert,
1996, pp. 10-11)

Although the constructivist view of learning does not dictate a certain teaching

approach, it does suggest certain teacher actions that are helpful in facilitating

pupils’ learning. A list of nine teacher actions that may help pupils in their

conceptual change was developed for the present study:

Presenting questions for pupils

Inviting pupils to ask questions

Asking pupils to predict results of practical activities
[llustrating by using a range of examples

Illustrating by using practical activities

Relating new ideas with previous concepts

Using the newly learnt ideas in new situations

Pupil initiated activity

Clarifying pupils’ ideas by using other examples

The development of this list is based on a teacher development project that

promoted science teaching based on a constructivist view of learning (Bell,

1993b). This list was relevant for the present study in carrying out the lesson

observations during the teaching practice period and beginning teaching phase.

However, these are teacher actions that are not common in “typical” science
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lessons in the Hong Kong primary school context. Based on a constructivist view
of learning, the teacher needs to acknowledge pupils’ preconceptions and hence
has to find out what the pupils’ ideas are as they teach. Therefore, they have to be
asking pupils questions and finding out pupils’ ideas before, during and after their
teaching. Secondly, the teachers need to promote their pupils to think and to raise
questions. This is seen as a difficult task for the teachers if they are teaching with
a tight teaching schedule and have limited science background themselves.
Thirdly, in order to promote pupils’ thinking and to find out their preconceptions,
the teacher needs to ask the pupils to predict the results of the practical activities.
Fourthly, the teacher may help the pupils to develop their ideas and concepts
through illustrations. In order to illustrate the concept, the teacher may employ a
range of examples or demonstrate practical activities. In the Hong Kong context,
as there is limited resource and space in the classroom, teacher demonstrations are
more frequent than pupils working on group investigations. Fifthly, the teacher
needs not teach according to the textbook and take each topic as separated lessons.
The teacher when teaching based on a constructivist view of learning, needs to
relate previous concepts covered in their lessons with the new ideas. The last two
teacher actions on the list are expected to be more applicable at the end of a topic
or lesson. The teacher may provide an opportunity for the pupils to use the new
ideas learnt and connect their ideas by solving a problem or case at the end of the
lesson. The teacher may conclude the topic and ask the pupils if they have
questions, or initiate a different investigation. If they find that pupils still hold
alternative ideas, the teacher may also attempt to clarify pupils’ ideas by using
other examples, which may not be planned or covered in the textbook. This may
be difficult for the student-teachers due to their limited science background and

for other teachers as they tend to rely heavily on the textbook.

It is important that the above teacher actions may lead to better learning among the
learners. In fact, teachers who participated in a “Learning in Science (Teacher
development)” project (Bell and Gilbert, 1996) suggested that teaching science
based on a constructivist view of learning may lead to the development of better
learning conditions and better learning outcome among their students. Better
learning conditions referred to more enjoyment of science, increased social
cooperation, gaining better confidence, improving motivation, increased

ownership and responsibility for learning. These conditions arise as a result of
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learners’ participation in the learning activities, and involvement in researching
their own interests and interactions in the classes. Moreover, the teachers also
identified better learning outcomes among their students. Students had developed
better learning skills, which included asking questions, discussion skills and
metacognition. Conceptual development, being able to transfer and use new
ideas, increased retention of new ideas, and better achievement in examinations

were also suggested by the teachers as evidence of better learning.

2.3.2 Comparing teaching science based on a constructivist view of learning
with other science teaching approaches

While the constructivist view of learning emphasizes the linkage between old or
previous concepts and the ones newly learnt, there are other teaching approaches
in science education that are based on different assumptions. This section
compares teaching science based on a constructivist view of learning with other
science teaching approaches. To summarize, a comparison of the various
approaches in teaching science is constructed based on Fleer and Hardy (1996)
and Barker (1991), and is represented in Table 2a. Teaching science based on a
constructivist view of learning emphasizes the active involvement of the learner in
the construction of the linkage between the new knowledge with previous
understandings. The teacher has to stimulate the learners to think, and monitor the
changes in the concepts. The process skills approach assumes a view that learning
is effected by observing, classifying, measuring, hypothesizing, predicting,
communicating and experimenting. The learners are involved in the process of
devising experiments and observation while the scientific laws are “out there” to
be discovered. The teacher’s role is to provide practical activities that help the
learners to develop the process skills. The discovery approach aims to help
learners to find out the scientific concepts which exist “out there” through
practical activities. The teacher is the designer of the required activity such that
the necessary “discovery” may occur. In the transmission approach, the learner is
assumed to learn by listening to the teacher and to attempt to understand or
memorize what was heard. This is a teacher-centered approach which requires the

teacher to select and modify science language for the explanation.
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Harlen (1998) compared rote learning with learning for understanding, the latter

being based on a constructivist view of learning. The difference between rote

learning and the constructivist view of learning is mainly based on having learners

capable of forming the linkage between ideas in the latter. This linkage allows

further transformation and applications in other contexts, which allows the learner

to make predictions and explanations. This application is not possible if there is

only rote learning, when verbal information is remembered, as encouraged in the

transmission teaching approach. The transmission approach does not consider

pupils’ experiences or preconceptions or how these ideas relate to their conceptual

development in the process of learning (Ebenezer and Connor, 1998).

Table 2a A comparison between various approaches in science teaching

Teaching science Process Skills Discovery Approach |Transmission
based on a Approach Approach
constructivist view off

learning

Views of Learning|*  Constructivist [¢  Learning by Learning by ¢ Learning by

underpinning  the view of learning. experiencing, discovery or listening to the

approach observing and finding out. teacher.
experimenting.

Learning ¢ Learners actively|* Learners Learnerstryto |*  Learners listen,
construct science observe, devise find out the try to understand
learning in experiments and scientific then memorize.
relation to discover principles
previous scientific laws or through hands-
understandings. truths. These on experiences

help to or by interacting
understand and with the given
predict. resources.

Teaching ¢ Stimulating ¢+ Provide Teacher provides|*  Direct
learners to think, opportunities for the resources and instruction or
discuss and hands-on arranges the exposition,
monitor changes activities and experience for a teacher-centred
in conceptions. guide learners to “discovery” of approaches.

¢+  Encourage pupils develop specific science concepts [¢  Select and

to ask questions, skills e.g. to occur. modify science
be active in their designing language to
learning, help investigations explain science
pupils to test out and knowledge and
ideas and apply communicating to ensure

what they have findings. learners’

learnt. understanding.

Teaching based on a constructivist view of learning differs from a guided
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discovery approach. In the constructivist view of learning, learners are not empty
vessels to be filled, nor is knowledge “out there” to be obtained. Learners have
preconceptions in their minds and that knowledge is constructed in the minds of
the individuals. The constructivist view of learning supports the notion of learners
having preconceptions. Harlen (1998) stated that “ideas emerging from each
learning experience are derived from those held at the start of the learning
experience”. Pupils may then have their own design based on their
preconceptions, and investigate the problem or find out the answer to their own
questions (Ebenezer and Connor, 1998). This contrasts strongly with the guided
discovery approach, which assumes that the learner has no prior idea of what is to
be learnt, and science knowledge has to be discovered in the physical world. In a
guided discovery approach, the teacher then arranges a sequence of investigations
and helps the pupils to discover the answer. In the present study, the student-
teachers had had much experience of learning and teaching based on the guided
discovery approach in their past education experience as well as through other
curriculum studies modules in General Studies. They may at times confuse the
constructivist view of learning with that of the guided discovery approach. The
main point of difference that the student-teachers need to note between the two is
on the view about whether the learner possesses preconceptions and whether
science knowledge is constructed in individual’s minds or is “out there” to be

discovered.

Teaching based on a constructivist view of learning differs from a process skills
teaching approach. Process skills include a number of skills such as observation,
recording, making hypotheses and analysing. The place of process skills in
science learning should be addressed, as these are helpful in facilitating pupils to
develop their concepts. There has been a shift from the processes approach which
was advocated in the 1960s in science education (Harlen, 1998). The emphasis on
processes in the 1960s was associated with a relative neglect of content and
development of science concepts. This suggests that process skills should not be
taught independent of the science content (Millar and Driver, 1987). Moreover,
when the constructivist view of learning is considered, the learning of process
skills is based on its role in the development of understanding, and, in other
words, conceptual development. These skills help the pupils to test out their

ideas, to form linkages with old concepts, and to apply what they have learnt. In
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this way, the learning of process skills should, therefore, be related to the

development of new concepts.

Drawing on the research findings on how pupils may undergo conceptual changes
and learn new concepts (Demastes, Good and Peebles, 1996; Brown, 1992) as
well as the better learning conditions and outcomes (Bell and Gilbert, 1996; Bell
and Pearson 1992) generated from science teaching based on a constructivist view
of learning, it is therefore recommended to introduce the constructivist view of
science learning to the student-teachers so that they can aim for pupils’
understanding, thinking and active involvement in the lessons. While keeping in
mind the basic idea of a constructivist view of learning, to aim for pupils’
understanding, and to engage them in thinking, the student-teachers may choose to
employ the various strategies of science teaching in different lessons. The
teaching activities as advocated in a guided discovery approach can be
implemented when the teachers aim to get pupils to explore new ideas. While
the strategies in a process approach described above can help the pupils to test out
their ideas, the process skills learnt can also be applied when the pupils are doing
their inquiry on specific concepts. The teacher may adopt the strategies in a
transmission approach in an attempt to explain to the pupils about a certain
concept after an inquiry or exploratory activity. As the student-teachers in the
present study are introduced to a constructivist view of learning, having this view
of learning in mind, the implementation of the various strategies at different times
of their teaching carry the purpose of helping the pupils with their concept

development.

2.3.3 The importance of interactions in the classroom

A central aspect of teaching based on a constructivist view of learning is that of
ensuring interactions between the teacher and students, and between students.
Therefore, teaching with a constructivist view of learning does not only include
applying the activities or finding out pupils’ preconceptions, but also stresses the
importance of interactions between the teacher and the pupils. Based on a
constructivist view of learning, these interactions may help the teachers to assess

pupils’ preconceptions and their change in conceptions during the teaching
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process, and to stimulate them to reflect on their own learning. Discussions,
convincing each other and explaining a situation to others are seen as important
aspects of a dialogue-based strategy in science teaching (Champagne, Gunstone
and Klopfer, 1985). Scott (1999) described how pupils treat the utterances of
others and of themselves as thinking devices. He explained that pupils take an
active stance toward the information in the classroom by questioning and
extending it. Through this process the pupils incorporate the ideas into their

thinking. Moreover, the importance of social interactions is also supported by the

social constructivist and the sociocultural views of learning.

Based on a social constructivist view of science learning, Driver, Asoko, Leach,
Mortimer and Scott (1994) emphasized the dialogic process in science. Science
learning is seen as enculturation, and the role of the teacher is to mediate learning
through the use of cultural tools. Teaching also involves understanding pupils’
thinking through the interactions and diagnoses of their needs. The discursive or
dialogic process is one that socializes pupils into the practices and knowledge of
the scientific culture. The significance of teacher-student and student-student
interactions is regarded as being ways that help the students to articulate their

thinking as they learn science.

The sociocultural view of learning emphasizes the role of social interactions in the
learning process. Congruent with Vygotsky’s perspective, pupils need to engage
in discourse if meaningful learning is to occur. The definition of reflective
discourse was offered by Van Zee and Minstrell (1997) (pp.209) as: (i) students
express their own thoughts, comments and questions, (ii) the teacher and
individual students engage in an extended series of questioning exchanges that
help students better articulate their beliefs and concepts, (iii) student/student
exchanges involve one student trying to understand the thinking of another. This
definition suggests the importance of the interactions between the teacher and the
student as well as those between the students themselves. The interactions

facilitate the learning and are also an integral part of the learning.

Taking the three views of learning together, the importance of interactions is
highlighted and relevant to science teaching. The interactions being a part of the

learning process, can facilitate the change in concepts, socialize the pupils into the
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scientific culture and support the learning while forming a part of the learning.

This section has defined what is meant by a constructivist view of learning in
science, and has drawn on research findings to find out the implications of this
view for teaching. The implications include engaging pupils in thinking and the
use of other approaches when necessary to support conceptual development.
While science knowledge is seen as actively constructed by the pupils, it is also
discursive in nature. On that account, besides considering pupils’ preconceptions,
and helping them to establish a linkage between new and old ideas, teachers also
need to engage pupils in discussions, question them, and encourage them to raise
questions. Having summarized the implications of the constructivist view of
learning in science teaching, the next part looks into the knowledge of the teacher
and the ways of helping novice teachers to teach science with this view in mind in

teacher education programmes.

2.4 Teacher education for science teachers

The constructivist view of learning has informed teachers about pupils’ learning in
the classroom, and hence suggested implications for science teaching. The
concern of the teacher educators is then to prepare student-teachers to teach
science with a constructivist view of learning in mind. This section describes
firstly how teacher knowledge is defined, and secondly, provides a framework to
study the teaching of the student-teachers and the beginning teachers. Lastly, it

outlines teacher education strategies that help to achieve this aim.

2.4.1 Defining teacher’s knowledge

In defining teacher knowledge, the present study draws on what Shulman (1987)
calls teacher’s knowledge base. He has identified seven knowledge bases upon
which teachers draw during their teaching. These are:

e Content knowledge;

e General pedagogical knowledge, with special reference to those broad
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principles and strategies of classroom management and organization
that appear to transcend subject matter;

* Curriculum knowledge, with particular grasp of the materials and
programmes that serve as “tools of the trade” for teachers;

* Pedagogical content knowledge: that special amalgam of content and

pedagogy that is uniquely the province of teachers, their own special

form of professional understanding;

* Knowledge of learners and their characteristics;

e Knowledge of educational contexts, ranging from the workings of the
group or classroom, the governance and financing of school districts,
to the character of communities and cultures; and

* Knowledge of educational ends, purposes and values, and their

philosophical and historical grounds. (Shulman, 1987, p-8)

Among the seven forms of knowledge, the Pedagogical Content Knowledge
(PCK) helps to define the knowledge that the student-teachers need to learn in
teacher education and a way to study teaching. The significance of Pedagogical
Content Knowledge is apparent in Shulman’s (1987) description of teaching as a
cyclical process. The cycle starts and finishes with comprehension when the
teacher thinks and re-thinks about the subject matter structures and ideas related to
the discipline. The teacher starts by comprehending the material to be taught, that
is, drawing on the content knowledge. This is the teacher’s understanding of the
substantive structure of the subject, the basic concepts, and the ways in which they
are related. This is then adapted to suit the students’ needs and is represented in
other ways when it is taught. The transformation draws on the teacher’s
Pedagogical Content Knowledge, that is the form in which content knowledge is
effectively taught, and includes examples and illustrations that aid explanation.
This also involves the selection of materials for use, the presentation of key ideas,
and the selection of an appropriate teaching method. The actual teaching is
referred to as instruction. This is followed by an evaluation of the effectiveness of
the teaching on students’ learning. The teacher reflects on the action of teaching
and the process is started again. Building on this cyclic conception of teaching,
research into teaching needs to include the various stages in the process from the
comprehension, transformation, instruction and evaluation to the reflection on

teaching effectiveness.
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This cycle has implications for how teachers are educated and how teaching can
be studied. Moreover, it has many characteristics of a good model that provides
an analytical framework for studying teacher cognition while providing an
integrated picture of teacher knowledge and classroom practice (Gess-Newsome,
1999). According to Shulman (1987, p.8), Pedagogical Content Knowledge is “the
blending of content and pedagogy into an understanding of how particular topics,
problems or issues are organized, represented, and adapted to the diverse interests
and abilities of the learners, and presented for instruction”. The representations
and alternative ways of explanation form part of the Pedagogical Content
Knowledge as “analogies, illustrations, examples, explanations and
demonstrations” (Shulman, 1987, p.9). This blending or integration of content and
pedagogical knowledge suggests that teacher education programmes need to
integrate the learning of the content knowledge and the pedagogy. This view is
supported by Lederman and Giess-Newsome (1999) who found that student--
teachers were heavily influenced by the quality of the teacher education
programme, in terms of whether they were able to integrate the subject knowledge
and the pedagogical structures learnt. Under Pedagogical Content Knowledge, the
various parts of the process appear in a cyclic form suggesting that the knowledge
is changing with time. This means that what is learnt in the teacher education
programme, including the content knowledge and the teaching method, are not
static forms of knowledge but have to be adapted in the classroom context and
continuously adjusted. This is also consistent with a sociocultural view of
learning that knowledge is contextualized. In terms of researching teaching, this
involves the study of the preparation, the selection of content and teaching
method, the actual instruction, and how teachers view or reflect on their own

performance.

The above cyclical process provides an overall picture about teacher preparation
and the research into teaching. The following discussion looks into how the
literature informs the practice of teacher education, and the attempts of teacher
educators in preparing science teachers to teach with a constructivist view of

learning in mind.
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2.4.2 Preparing teachers to teach with a constructivist view of learning

The intervention of the present study is informed by the literature about strategies
that may facilitate the development of student-teachers. The following are the
strategies that have been suggested in the literature to facilitate the development of
the student-teachers to teach in a way that is based on a constructivist view of
learning. They include:
i. Acknowledging the importance of the past experience of the student-teachers
ii. Teacher educators should “practice what they preach”
iii. Encouraging student-teachers to reflect
iv. Developing student-teachers’ confidence and self-efficacy in science teaching
v. Developing a pedagogical repertoire
vi. Influences of the school context

vii. The need for on-going support

These strategies aim to generate changes in the teaching of the student-teachers
such that they may teach science based on a constructivist view of learning.
However, changes in teaching actions may occur when there are changes in views
of learning and teaching, accompanied by gains in confidence in teaching science.
These strategies therefore aim to generate changes in the student-teachers’ views

of learning and teaching, confidence in teaching science, and classroom practice.

(i) Acknowledging the importance of the past experience of the student-

teachers

From a sociocultural view of learning, the previous learning experience of the
student-teachers may be interpreted as originating from a cultural background
which may not be consistent with the culture in the teacher education programme.
Studies of teacher education have also indicated the importance of past experience
in the process of learning to teach. The personal conceptions of student-teachers
that are held as they come to teacher education courses, can exert a powerful
influence on what they learn and accept as valid knowledge (Kagan, 1992;
Mahlios and Maxson, 1995).  Moreover, student-teachers differ in how they

conceptualise the process and have expectations for their own learning, which in
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turn influences how they attempt to structure and make sense of their training
experiences (Calderhead, 1991). Similarly, in in-service teacher development,
how teachers interpret and receive new ideas and practices is suggested to be
influenced by their previous ideas about teaching and learning (Bell, 1993b).
While research on student-teacher’s learning (Bennett and Carre, 1993; Halliday,
1996) suggested that student-teachers hold ideas about teaching and their roles as
future teachers as they join the teacher education programmes, the design and
content of teacher education programmes rarely relate to student-teachers’ beliefs
and conceptions. This gap in the teacher education programmes contributes to a
failure to achieve meaningful learning and reflective inquiry (Gunstone and
Northfield, 1992; Tobin, 1992). Feiman-Nemser (1989) recommended that
teacher educators be aware of the incoming beliefs and attitudes or the
preconceptions of the student-teachers in order to promote conceptual changes in

pedagogical thinking.

In line with this call for considering preconceptions in teacher learning, Loughran
(1997) maintained that student-teachers need to be challenged through pedagogy
and be stimulated to consider and reconsider their existing knowledge in light of
the new experiences. In this way, existing views of science teaching can be
reconsidered as the student-teachers gain new science learning experiences. On
the same line of argument, von Wright (1997) suggested that the student-teachers’
world view influences how new learning experiences gained in teacher education
are organised. Moreover, their views change as there are new social interactions,
suggesting that the learning experiences are re-interpreted. This notion that
teachers construct and reconstruct the meaning of what it means to be a teacher,
and develop evolving conceptions of teaching is also supported by Sutton,

Cafarelli, Lund, Schudrell and Bichsel (1996).

Therefore a part of teacher education is teacher educators eliciting student-
teachers’ preconceptions about science teaching, changing their views about
teaching and learning, and facilitating changes in their practice in the classrooms.
In changing teachers’ beliefs and practices, Louden and Wallace (1994) related
that teachers change in successively small steps as they are exposed to new ideas
and try alternative ways of teaching. Carey (1985) shared this view that changes

in teaching beliefs and practices are incremental. These studies suggest that
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teacher educators have to start from the student-teachers’ previous views about

science teaching and learning, and work to change these ideas to consider the

implications of the constructivist view of learning for the classroom practice.

(ii) Teacher educators need to “practice what they preach”

The second strategy for helping student-teachers to teach science based on a
constructivist view of learning involves the teacher educators putting into practice
what they preach. A number of studies have been conducted to inform how
science method courses in teacher education programmes may be conducted to
promote teaching based on a constructivist view of learning (Abd-El-Khalick and
BouJaoude, 1997; Stofflett and Stoddart, 1994; Munby and Russell, 1997;
McDevett, Heikkinen, Alcorn, Ambrosio and Gardner, 1993). Findings from
these studies suggest that as student-teachers are asked to teach with a
constructivist view of learning, teacher educators should assume the same
approach. Abd-El-Khalick and BouJaoude (1997) urged teacher educators to
regard student-teachers as active learners, and challenge their beliefs about
teaching and learning in the teacher education programme. Moreover, student-
teachers must learn science concepts or science teaching with a constructivist view
of learning before they are able to teach using the same approach (Stofflett and
Stoddart, 1994). However, there can be a discrepancy between the approach
adopted in the teacher education programme, and the approach for teaching young
children that the programme advocates (Munby and Russell, 1997). Therefore, in
order to convince student-teachers to teach with a constructivist view of learning,
teacher educators should "practice what they preach”. Consistent with this
argument, McDevett, Heikkinen, Alcorn, Ambrosio and Gardner (1993) suggested
that either science content or science method courses in teacher education
programmes should build upon student-teachers’ experiences, and emphasize
science concept development and changing alternative concepts. By “practising
what they preach”, the teacher educator is modelling the teaching approach that is
advocated to the student-teachers. The relationship between modelling and
learning to teach science is illustrated by Russell (1997) and Loughran (1997).
The process includes the communication of the approach by the teacher educator,

and reflection among the student-teachers. The message of how to teach in
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classrooms is communicated through how the teacher educator teaches, and the
student-teachers learn how to teach from their own learning experience
(Russell,1997). By being engaged in the learning process themselves, the student-
teachers have an authentic experience of seeing and feeling the diversity of

outcomes for themselves through learning from a particular approach.

In order to affect educational reforms, Liston and Zeichner (1991) summarized the
features that teacher education programmes should possess. The content and the
pedagogy of the programme must provide a condition or environment that
nurtures the development of the student-teachers in the desirable direction. They
further explained that this means a consistency and coherence between the content
and the pedagogy, in that teaching is modelled by the teacher educators. They
provided examples of teacher educators working with cooperative learning
structures themselves as they are advocating the same approach for the student-
teachers. In order to maintain coherence, to model or to regard student-teachers as
active learners, the science methods course has to be based on a constructivist

view of learning in its delivery, as the same notion is advocated in the module.

(iii) Encouraging student-teachers to reflect

The third strategy to prepare student-teachers to teach with a constructivist view
of learning is to encourage student-teachers to engage in discussion, and stimulate
their reflection. While the social constructivist view of learning regards science as
discursive in nature, and considers that learning science involves interacting with
the teacher and with the peers, learning about teaching can also be conceptualised
in the same way. Loughran (1997) suggested that student-teachers reflect upon
their cognitive and affective development after the teaching episodes in the
teacher education programme. The student-teachers reflect on the pedagogy
employed by the teacher educator, on how and why it was used as well as
developed. The student-teachers then make their own decisions about how to
adopt the approaches in their own practice. This process of reflecting on the
learning experience was referred to as a “debriefing” by Meyer-Smith and
Mitchell (1997). The debriefing included four dimensions: what science content

was learnt, what was learnt about teaching, what was learnt about learning, and
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what was the impact (if any) on their personal beliefs about teaching and learning.
Hoban (1997) suggested that the student-teachers analyse their own learning,
identify enhancing and inhibiting factors, and hence distinguish the impact on
their science teaching. Consistent with a constructivist view of learning, the
above process involves learning to teach through experiencing learning, and hence
leads to a construction of a personal pedagogy. The challenge for the teacher
educator is thus to determine and bring into practice enjoyable learning
experiences or effective teaching activities that are intended to be modelled, such
that it becomes more likely that student-teachers will desire to include similar
practices in their own science teaching. Moreover, reflection has to be promoted

among the student-teachers such that they can build up their personal pedagogy.

In the process of constructing the personal pedagogy among the student-teachers,
the sharing of experiences and discussions can promote their reflection. Pedersen
and McCurdy (1992) concluded that learning to teach involves not only divcfse
experiences in teaching, but also focussed discussions of the experiences. Chin
(1997) described the role of the teacher educator in a science methods course as
helping student-teachers to articulate, critique and practice their own perspectives
on teaching. Learning to teach was also found to have best occurred through
shared experiences and critical discussions. Through this sharing and discussion
among the student-teachers, the awareness of the goals and the views of teaching
and learning became explicit. Moreover, Sutton et.al. (1996) identified that
student-teachers found a variety of peers helped in changing their thinking as well
as stimulating their thinking. This finding points to the importance of having

opportunities for student-teachers to discuss and interact with each other.

This highlights the importance of the interactions between the student-teachers
and the teacher educator as well as the provision of opportunities for the student-
teachers to discuss their experiences and ideas about teaching. The teacher
education programme module therefore needs to offer a supportive environment
for the student-teachers to talk about, reflect, analyse and critique their ideas about

science teaching.
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(iv) Developing student-teachers’ confidence and self-efficacy in science

teaching

The fourth strategy for the teacher educator to help student-teachers to teach
science based on a constructivist view of learning is to develop student-teachers’
confidence and self-efficacy in science teaching. There are also studies that stress
the development of teachers’ attitudes and confidence in science teaching.
Westerback and Long (1990) found that increased content knowledge could
reduce experienced elementary teachers’ anxiety about science teaching. They also
reflected that teachers who are more comfortable with science are more likely to
devote more time to teaching it, and are more likely to teach it with creativity.
The notion of self-efficacy in science teaching is related to the attitudes and
confidence in science teaching. Self-efficacy refers to the teacher’s confidence
and belief in being able to teach science and effecting learning outcomes among
their pupils. The relationship between science teaching efficacy beliefs aﬁd
preparing student-teachers to teach science is supported by a number of studies.
Ramey-Gassert and Schroyer (1992) summarized related studies, linking
quantitative findings with qualitative ones, and suggested that elementary
teachers’ poor self-efficacy has resulted in a science anxiety, poor attitudes
towards science, and an unwillingness to spend time teaching science. Based on
this notion, one of the aims for science teacher education courses should be to
improve student-teachers’ science teaching self-efficacy. Schamann and Orth
Hampton (1995) believed that science teacher educators need to be aware of the
implications, and organise method courses that improve student-teachers’ science
teaching self-efficacy. Moreover, Ramey-Gassert and Schroyer (1992) suggested
that purposeful selection of science experiences can improve science teaching

self-efficacy and result in better attitudes towards science.

(v) Developing a pedagogical repertoire

The fifth strategy for helping student-teachers to teach science with a
constructivist view of learning is to develop a pedagogical repertoire among the
student-teachers. The constructivist view of learning implies a number of practices

about science teaching in the classroom, such as finding out pupils’
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preconceptions, helping them to change their concepts, offering opportunities to
test out and apply their ideas. Abd-El-Khalick and BouJaoude (1997) suggested
that the programme needs to provide opportunities for the student-teachers to
familiarize themselves with children’s alternative conceptions, and realize how
these may influence their learning. Teaching science based on a constructivist
view of learning is a perspective on teaching, not a detailed approach. For
example, the teacher needs to know about the students’ preconceptions before the
teaching is conducted. These preconceptions could be elicited using a number of
activities such as brainstorming, interview-about-instances and concept maps
(Bell, 1993a). Student-teachers as future science teachers need to know about the
science preconceptions held by their pupils.  Science teacher educators
(Peterman,1991; Russell, Harlen and Watt, 1989) have worked with teachers to
familiarize them with the research on children’s preconceptions, and to help them
to teach based on a constructivist view of learning in their science classrooms. In
this way, the novice teachers can then design strategies that target the changes in
the concepts among the children. Borko and Putnam (1996) reviewed those
studies that have identified that the limitations in student-teachers’ repertoires of
teaching strategies are associated with problems in teaching for understanding.
Hence, it was suggested that in helping student-teachers learn to teach, teacher
educators have to support them to develop a repertoire of instructional strategies
and representations. Moreover, Alexander (1995) indicated that a pedagogical
repertoire is necessary for the prospective teachers in adapting to the unique
practice needs and circumstances of an individual teacher’s professional situation.
This range of pedagogical strategies (which includes a range of materials, content
and teaching styles) can be used at different times (Gipps, 1995) or in different
contexts according to pupils of different behaviour and readiness to be active in
learning, and grouping pupils by their ability levels (Gipps, McCallum and Brown,
1999). Moreover, the teaching style is also likely to be governed by the prevailing
philosophy of the school. Based on these studies, a repertoire of teaching
strategies is essential in order to equip the student-teachers to meet the various
needs of the pupils and the school in the future. Further, the above studies also

point to the significance of the contextual influences on teaching in the classroom.

While a range of teaching approaches is introduced, McDiarmid, Ball, and

Anderson (1989) pointed out that teacher educators have to be aware of how the
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different approaches convey messages to pupils about the nature and content of
science, and the ways questions are taken or problems are solved. A comparison
of the various approaches in teaching science was made based on Fleer and Hardy

(1996) and Barker (1991), and was represented in Table 2a (Section 2.3.2).

Although there are differences in terms of the views of learning, the teaching, and
the nature of science among the various approaches, Fleer and Hardy (1996)
maintained that teaching science based on a constructivist view of learning
incorporates the positive aspects of the other four approaches. While the teacher
has a constructivist view of learning in mind, he or she may choose to implement
various strategies at different times of the teaching. For example, scientific
investigations or the use of process skills may help to give pupils a glimpse of
how a scientist works. The unstructured discovery activities may be adopted in
the early phase of a lesson to help pupils to explore widely on the topic, or for a
structured investigation, as the pupils have decided on a question to explore. The
transmission strategy may be used as the teacher chooses to introduce the
scientists’ views after the pupils have expressed their views. However, while
adopting the various strategies, the teacher is encouraged to emphasize engaging
pupils with thinking, developing their own understandings, and exploring using
their own questions, and the teacher has to be sensitive to the pupils’ ideas as these
change or develop in the course of study. Although the student-teachers are
introduced to a repertoire of teaching strategies and are encouraged to teach
science based on a constructivist view of learning, a number of factors may
influence their decision as they develop or construct their personal approach.
These influences include their prior experiences of learning science, and the

school or classroom context.

(vi) Influences of the school context

The sixth strategy that helps student-teachers to teach science based on a
constructivist view of learning is for teacher educators to consider the influences
of the school context. Based on a socio-cultural view of learning, the social
context both structures and influences the learning of an individual. Although

there are studies informing the structure and composition of science teacher
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education courses, what is learnt in the programme is influenced by the contextual
situation. Research studies have identified the influences acting on the learning
process of the student-teachers. In a study of the influence of teacher education
programmes on student-teachers teaching science and technology, Skamp (1995)
found that different sources of influence operate in various phases of the
programme. At the initial stage or on entry into the teacher education programme,
the student-teachers’ previous experiences as a science and technology learner set
a basis for further learning. Later in the programme they are affected by the taught
unit on science and technology. During the teaching practice, they are more
influenced by the supervising teachers and their classroom experience. The

school-based influence was found to be mostly negative.

The field experience provides an opportunity for student-teachers to select or
adapt the pedagogical approaches learnt in the programme for their own teaching
(Calderhead, 1988). This selection or adaptation is mainly determined by the
student-teacher’s personal view of teaching. Koehler (1983) regarded teaching
practice as an important element of any teacher education programme, and that it
imposes the strongest influence on learning to teach. This is a time when student-
teachers contextualize their learning in the programme. Moreover, it is difficult to
relate theory and practice if there is no reference to the school context or any form
of teaching experience. These experiences in the teaching practice influence how
the student-teachers interpret what is learnt in the teacher education programme
(Calderhead, 1988).

Apart from the dilemmas and influences that are specific to science teachers,
studies about student-teacher experiences in teaching practice in general, can help
to inform the present study about science teacher learning. Field experience or the
student teaching experience may provide a reference for the individual about how
he or she is going to teach in the beginning teaching stage. Student teaching has
been documented to involve emotional and professional changes in the student-
teachers. In an extensive study by Harrington and Sacks (1984), six aspects of the
development of student-teachers during their teaching practice were identified. In
the study, the student-teachers were invited to be videotaped, to fill out a role
transition questionnaire and to write an ongoing log over a fourteen-week

semester. The data collection was structured to capture the student-teachers’
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thoughts, feelings, their major concerns and how they have been preparing for
their new role. The data were collected prior to and during the teaching practice.
Harrington and Sacks (1984) suggested that before students begin to work in the
classroom, stage one (anticipation) starts. This stage is characterized by
eagerness, excitement and great anxiety. In stage two (entry), student-teachers are
excited about beginning the experience, but worry that the challenge is too great.
Student-teachers in stage three (orientation) feel themselves inadequate and
incompetent, painfully aware of the complexity of teaching. In the later stages,
the student-teachers develop through trial and error, leading to consolidation and
mastery at the final stage. To summarize the experience, the first three stages are

characterized by much emotional turmoil.

The stages of development described above involve an integration of changes in
professional terms as well as personal experiences of stress, feelings of
incompetence and changes in the meaning of being a teacher. In the teaching
practice period, the student-teachers develop their professional competence and
test out their teaching ideas. These experiences of classroom teaching, interacting
with pupils and other teachers may bring them feelings of satisfaction,
incompetence and loss or relief. This has many implications for the confidence,
attitudes, behaviour and performance of the student-teachers as suggested by
Diapoto (1980) who finds that student-teachers’ attitudes toward teaching and

school became less favourable after student teaching.

The school context as constructed by the teachers and school administrators has an
influence on the development of the student-teachers in their teaching practice
period. Zeichner (1978), in studying the changes in ideology adopted by the
students, finds that situational variables, the classroom and school environment,
co-operating teachers’ attitudes, and the curriculum, have a great impact. Meyer-
Smith and Mitchell (1997) conducted a study that aimed to identify the extent to
which student-teachers were able to teach with a constructivist view of learning in
the teaching practice period after a science method course. The teaching actions,
the procedures selected, and how the student-teachers related their practice were
studied. A continuum of different degrees of application of the constructivist view
of learning in science teaching among the student-teachers was identified. The

positive end included student-teachers who demonstrated practice that was
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consistent and coherent with the approaches advocated in the method course. The
negative end included student-teachers who had minimal understanding and
application of the approaches. The two groups that were in between the two ends
of the continuum showed different degrees of inconsistent practice and occasional
applications. The findings indicated that the student-teachers needed support and
guidance in order to develop the particular strategy in their practice. The
feasibility of the application depends on whether pupils, accustomed to traditional
approaches, can accept the new approaches. This can be taken as an influence
from the school context on the teaching of the student-teachers. How other
teachers in the school have taught has structured the learning habits of the pupils
and this influences how far the pupils can adapt to a different teaching approach
adopted by the student-teacher. The success of the implementation is also
influenced by the student-teachers’ knowledge and their beliefs about teaching and
learning. Moreover, the research concluded that changes in practice take time and
the single method course needs to be coupled with adequate support in the
practicum experience in order that student-teachers can experiment with the new
strategies advocated in the course. In the present study, this means that the
researcher has to consider how the teaching practice and the school context
influence the novice teachers, and think about appropriate forms of support to

facilitate the development of the student-teachers and the beginning teachers.

In studying how a secondary science teacher changed his beliefs from objectivism
to a constructivist view and the implication of this change on his classroom
practice, Tobin, Tippins and Hook (1994) identified a number of sociocultural
factors that influence the process. These include: the past education and teaching
experience of the teacher; the opportunity to observe the teaching of a colleague,
the opportunity to reflect on his own teaching; how other colleagues teach science,
and the expectations of the students. From a sociocultural view of learning, the
interactions between the teachers and students in the school were seen to be
contributing to the formation of a culture. At the school level, this culture
influences the definitions about the role of teachers and students. At the
classroom level, this culture determines what teaching and learning will be like.
Moreover, the interactions between other teachers and the students are also
mediated actions that influence how individual teachers construct their beliefs

about teaching. In the present study, this analysis about how the school and
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classroom culture influence teaching provides a background for analysing the

experience and the development of the novice teachers in the school.

(vii) The need for on-going support

The seventh strategy to keep student-teachers teaching science based on a
constructivist view of learning is to provide on-going support as they begin to
teach. Continual support for the novice teachers is necessary, as Bell (1993b)
pointed out the importance of on-going feedback, support and reflection in helping
teachers to develop.  Feedback was defined to mean the response given to the
teachers, who attempted a new practice, from other parties (Bell and Gilbert,
1996). The feedback may be professionally oriented and include the evaluation of
existing practices and the feasibility of new practices. The feedback may also
provide personal support and encouragement to the teachers as they attempt new
practices.  Bell and Gilbert (1996) further explained that the feedback helped the
teachers in terms of a sociocultural view of learning as they reconceptualised what
it means to be a science teacher, and the interactions with others helped the
teachers to reflect on themselves as teachers. Adapting these findings into the
context of initial teacher education means that continual interactions with the
teacher educator and the peers of the student-teachers during the programme and
at the beginning teaching stage are essential to enhance the development of the
novices. The feedback helps the novice to develop in three dimensions;
professionally through critical discussions about practices; personally through
sharing of encouragement and support, and in terms of social development
through re-defining their role as science teachers in school. Moreover, continual
support is needed for professional growth as Bell and Gilbert (1996, p.97))
suggested: “Innovative teachers and teachers wanting to change their classroom
practice need the support of others who value what they are doing.” In this sense,
novice teachers who are in an active stage of development are strongly in need of
continual support, which may come from the teacher educators or their like-
minded peers. Through the support, they may feel that their attempts are

meaningful, and thus they become more willing to take risks.

To summarize, a number of strategies which help student-teachers to teach based
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on a constructivist view of learning were suggested in the literature. Firstly,
teacher educators need to acknowledge the importance of past experience in the
process of learning to teach, and encourage student-teachers to engage in critical
discussions or reflections in order to promote changes in their views of teaching
and learning. Secondly, teacher educators have to “practice what they preach” and
help the student-teachers to develop a pedagogical repertoire in teaching science.
By having experienced the learning from the teaching approach advocated, the
student-teachers can model the teaching approach and understand the experience
as the learner. The significance of the school context in influencing the
development of the student-teachers also has to be acknowledged and hence, the
importance of on-going support after the novices start their first teaching position
is essential. Above all, it is crucial that student-teachers are able to develop their
confidence in the teacher education programme. The process of learning to teach
involves changing the student-teachers’ views of teaching and learning, and this
change has to be accompanied by positive changes in confidence to teach science,
otherwise it would be difficult to see changes in classroom practice. The next
section describes studies of science teaching efficacy beliefs and how they relate

to the confidence of teaching science.

2.4.3 Science Teaching Efficacy Beliefs

While the student-teachers learn to teach science, based on a sociocultural view of
learning, it is important they feel confident and believe that their teaching will
bring about pupils’ learning. Teaching Efficacy beliefs measures look into these
two aspects: a personal belief about one’s own ability to cope with a task (Self
Efficacy) and a belief about action and outcome (Outcome Expectancy) (Bandura,
1977). Bandura (1977) hypothesized that an analysis of these two aspects would
facilitate the prediction of behaviour. In the present study, this prediction may be
applied to reflect how likely the student-teachers or beginning teachers will
implement the science teaching strategies developed based on a constructivist
view of learning. Teaching Efficacy Beliefs measures are more related to the
conation aspect and tends to represent the sense of purpose or motivation of the

teacher. This idea is related to the sociocultural view of learning which defines
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the mind as including three aspects namely, cognition, conation and affect.
Although the notion of Teaching Efficacy Beliefs arise from a cognitive view, it is

helpful in the sociocultural view of learning as it highlights the conation aspect.

The notion of Teaching Efficacy Beliefs has been further developed since Bandura
first proposed it in 1977. Ashton, Webb & Doda (1983) have suggested that
Personal Teaching Efficacy is composed of Teaching Efficacy and Personal
Efficacy. Teaching Efficacy is comparable to Bandura’s outcome expectancy,
while Personal Efficacy refers to a teacher’s general sense of his / her teaching
effectiveness. Ashton et. al. (1983) viewed Personal Teaching Efficacy as an
accurate predictor of teacher behaviour, and maintained that the two components
of Teaching Efficacy and Personal Efficacy should be kept as separate constructs.
Gibson and Dembo (1984) confirmed Bandura’s two component model consisting
of a) a factor that relates to a teacher’s sense of teaching efficacy, or belief that a
teacher’s ability to bring about change is limited by factors external to the teacher
(Outcome Expectancy) and b) a factor that relates to a teacher’s sense of personal
teaching efficacy, or belief that he or she has the skills to bring about student
learning (Self Efficacy). In the present study, the meaning of self efficacy is
adapted to reflect the student-teachers’ or the beginning teachers’ confidence or
belief in being able to teach science and effect learning among their pupils. The
self efficacy measurement is also taken as an indication of how likely the student-
teachers and the beginning teachers will be to teach science with the strategies
advocated in the present study, which means teaching science based on a

constructivist view of learning.

As Bandura has defined self-efficacy as a general sense of teaching effectiveness,
a teacher’s overall level of self-efficacy may not accurately reflect their efficacy in
teaching Science. Riggs and Enochs (1990) devised the Science Teaching
Efficacy Beliefs Instrument, which is composed of two scales, the Personal
Science Teaching Efficacy Belief Scale and the Science Teaching Outcome
Expectancy Scale, to measure practising elementary school teachers’ sense of
science teaching efficacy. A similar instrument was also constructed for
preservice teacher education students and was applied in predicting science
teaching behaviours of student-teachers and in-service teachers (Enochs & Riggs,
1990).
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In a study identifying the changes in preservice elementary teachers’ sense of
efficacy in teaching science, (Ginns, Watters, Tulip and Lucas, 1995), the results
revealed that Science Teaching Efficacy and Science Teaching Outcome
Expectancy were not significantly correlated, the former being more dependent on
personal traits such as internal locus of control and self concept, whereas the latter
is related to levels of aspiration, academic interest and satisfaction. The study
concludes that the Science Teaching Outcome Expectancy is more easily
influenced by the teacher education programme than the Science Teaching
Efficacy, as the latter is concerned more with global personality traits. It is,
however, the concern of teacher educators to improve the students’ sense of
Science Teacher Efficacy, as this has implications for the teachers’ ability to teach
science and the children’s ability to learn science (Riggs & Enochs, 1990).
Finally, Ginns et.al. (1995) predicted that Science Teaching Efficacy is related to
an individual’s experience in learning science. For the present study, this means
that the teacher education programme may influence the student-teachers’ Science
Teaching Outcome Expectancy beliefs and the student-teachers’ experiences of

science learning may be related to Science Teaching Efficacy.

Outcome expectancy and self efficacy beliefs can be applied to predict an
individual’s persistence of coping behaviour. As Gibson and Dembo (1984)
predicted, the construct of teacher efficacy and outcome expectancy would reflect
the degree to which teachers believed the environment could be controlled or the
extent to which changes in students with given backgrounds can be made. They
also suggested that teachers scoring high on both variables will cope with difficult
situations with responsiveness, and teachers scoring low will give up readily if

they do not get results.

Another direction of self-efficacy research has been to identify the factors that
contribute to high science teaching self-efficacy beliefs. Ramey-Gassert, Shroyer
and Staver (1996) obtained the personal science teaching self-efficacy and science
teaching outcome expectancy scores of 23 elementary teachers. Among the 23
participants, 10 teachers representing a range of levels of personal science
teaching self-efficacy and science teaching outcome expectancy were invited to

participate in interviews. Analysis of the interview data showed themes related to
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the scores in personal science teaching self-efficacy and science teaching outcome

expectancy. High personal science teaching self-efficacy scores were found

among teachers who were described as “strong”, self-driven and more

independent. These teachers have a positive attitude and employ a minds-on/
hands-on approach in their science teaching. On the other hand, high science
teaching outcome expectancy scores were related to having personally
experienced success in science and with teaching science. Among these teachers,
the belief of students’ success in science learning is found to be influenced by the

teachers’ success in their own science learning and teaching experiences.

In another study, De Latt and Watters (1995) obtained the personal science
teaching self-efficacy scores of 37 primary teachers and invited 5 teachers with
high personal science teaching self-efficacy scores and 5 teachers with low
personal science teaching self-efficacy scores to be interviewed. The interviews
were conducted in an attempt to associate scores in personal science teaching self-
efficacy with individual teacher’s backgrounds, beliefs about teaching science,
current classroom science teaching practices, and primary concerns about the
teaching of science in the school. Relationships between individual attributes and
science teaching self-efficacy were identified, for example, teachers with the
highest personal science teaching self-efficacy scores expressed notions of
confidence in teaching science, and felt that science was fun and interesting.
These teachers were more oriented towards thematic and integrated approaches in
science teaching. Teachers with low personal science teaching self-efficacy scores
were found to have limited experience in science and their confidence in science
teaching was comparatively low. These data provide an association between the
quantitative scores and the personality traits, the teaching and the confidence to
teach among the primary teachers. In this way, positive changes in scores in
personal science teaching self-efficacy and science teaching outcome expectancy
can provide an indication of the positive changes in the confidence to teach
science, as well as changes in science teaching practices. Moreover, providing
positive science learning experiences for the teachers may also be one of the ways
to obtain an increase in the personal science teaching self-efficacy and/or science
teaching outcome expectancy scores. It is, therefore, of great concern among
teacher educators to structure teacher education programmes that provide positive

science learning experiences for the student-teachers and to see an increase in the
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personal science teaching self-efficacy and science teaching outcome expectancy

scores among them after the programme.

In this section, the studies have identified factors that are related with high science
teaching self-efficacy beliefs.  These include personality traits, personal
experience of success in learning science, feelings about science, and confidence
in teaching science. Moreover, self-efficacy beliefs measures can also be used to
predict a teacher’s persistence to cope with difficult situations. For teacher
educators, self-efficacy beliefs measures may be used to reflect student-teachers’
feelings about science, confidence in teaching science and the persistence to cope
with difficult situations. In the process of learning to teach, it would be best if re-
constructions in views of learning are accompanied by positive changes in the
self-efficacy beliefs measures or the confidence in science teaching, and with
these changes it would be most likely that changes in classroom practices can

ocCcCur.

2.4.4 Models of teacher development

In describing the process of learning to teach, models of teacher development may
inform the present study in three ways. Firstly, the models may provide a
framework for analyzing the development of the student-teachers and the
beginning teachers. The framework of analysis may also provide significant
indications of the changes and influences. Secondly, models may emphasize
different aspects of change, which may capture the characteristic of the
development. A mere distinction of pre-service and in-service teacher education
or development along a time line oversimplifies the situation. Thirdly, as
researchers who aim to build models of teacher development recognize that
teacher education is a complex process, representation in models is an attempt to

unfold the complexity.

In order to indicate the significance of continual teacher professional development
and to describe the characteristics of a professionally satisfactory career and the

evolution of instructional skills as teachers become more experienced in teaching,
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Huberman (1993) built a model of teacher professional development. He views
the professional life cycles of teachers as career development, and ‘sequences’,
‘phases’ or ‘maxicycles’ can describe development across different professions.
These ‘phases’ are not necessarily taken as stages but rather as a set of spirals,
traversing at different ‘elevations’. Characteristic themes of teacher development
are identified, namely “survival and discovery”, “stabilisation”, “experimentation /
activism”, “taking stock: self-doubts”, “serenity”, “conservatism” and
“disengagement”. Among these themes, “self-doubts”, “conservatism” and
“disengagement” are negative moves. The study also establishes that latter
development directions could be predicted based on experience of earlier
developmental phases. In conclusion, the study advocates staff development
activities that include actual experimentation over time within institutional
conditions. In the study, the development of the beginning teachers may be
predicted based on their experience in the teacher education programme which is

an earlier phase of development.

Another question associated with professional development was whether teachers
become more competent and committed with an increase in the number of years of
teaching experience. In a recent study in Singapore (Chia, Diong and Toh, 1994)
on teacher professionalism, results show that an increase in the number of years of
teaching experience does not contribute to the professional development of
teachers in the school. Professional development was defined to include teacher
competence and commitment to teaching in the study. It remains inconclusive
whether this lack of distinction among teachers with different years of experience
is due to a lack of “autonomy” among teachers in Singapore schools, or due to a
lack of distinction of responsibilities among experienced and novice teachers. On
the other hand, teachers who are actively involved in professional development
programmes, and those with higher professional qualifications, perceived
themselves to have a higher degree of teacher professionalism. These may be
different sides of the same coin, as teachers with higher qualifications are those
that are “chosen” for professional development programmes and are those that
face new challenges like school administrative duties and mentoring duties. To
conclude, engagement in continual professional development programmes rather
than years of teaching experience is related to professionalism. In the present

study, the number of years of teaching is not indicative of teacher development.



Literature Review 58

Teacher educators must look into the experience of the novice teachers and

identify the factors that influence teacher development.

Being dissatisfied with describing professional teacher development as consisting
of only three stages, namely, pre-service, induction and the rest of the teaching
career, Fessler and Christensen (1992) portrayed a teacher career cycle based on
literature and interviews with teachers. The model was built as a guide to
understand teachers’ career stages, and to point out the implications for teacher
development and professional growth. In describing the teacher career cycle,
Fessler and Christensen (1992) identified the influences of the personal and
organizational environment on the various stages of development. The pre-service
stage was described as a period of preparation for a specific role with the
developmental target being to learn and apply new theories and practices. The
opportunity for reflection on practice and feedback is essential at this stage, while
other support may come from friends, family and the teacher education institution.
The practice of the student-teachers is seen to be under the influence of both the
teacher education institute and the school for the teaching practice period. In
helping the student-teachers learn to teach, teacher educators are urged to consider
their individual needs. The second stage of development is the induction or
beginning teaching stage and is seen as a period when the teacher is being
socialized into the system through the learning of the “language of practice”. The
task of this stage is to gain the acceptance of pupils, peers, administrators and
parents. Influences from the personal life at this stage include adjustment to the
school community, while influences from the organizational environment include
support from the school principal and colleagues. The transition from being a
learner (in learning to teach) to being a teacher in the school involves the change
from relating theory and practice to socializing into the new school environment.
Given the complexity of the responsibilities of a teacher, the researchers urged
support from the personal and organizational environments. Unlike the pre-
service stage, the support shifts from peers and the teacher education institution to
the school principal and the colleagues. More emphasis is placed on the support
from the administration and the management of the school, including the
principals and supervisors. They are seen as having a key role in establishing a
positive climate that facilitates the development of the novice teachers. Learning

to teach as a beginning teacher is therefore not only an individual attempt but also
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a sociocultural process. It involves learning a new language or adapting to a new

culture of teaching in the school context in which support from the school

environment also plays a crucial role.

Based on the learning and interviews of forty-eight teachers involved in a teacher
development project, the “Learning Science Project (Teacher Development)”, Bell
and Gilbert (1996) constructed a model of teacher development. Three main types
of teacher development, namely, social, professional and personal, are described in
the model. Social development involves both the renegotiations and
reconstruction of what it means to be a teacher, as well as the development of
ways of working with others that will enable such reconstruction. Personal
development involves managing the feelings associated with changes in teaching
and beliefs, in particular when a teacher is using an approach different from the
norm. Professional development includes development in instruction skills, gains
in academic knowledge, and development of the underlying beliefs and
conceptions. This provides a framework or direction for investigations into
teacher development in these three aspects. Firstly, studies on development of
pre-service teacher education students and beginning teachers can be conducted to
describe the changes under each category (social, personal and professional).
Secondly, this model addresses the various roles of a teacher - apart from teaching
in the classroom, the teacher is also a member of the school staff, a member of a
professional community. Hence, the importance of social construction of the
knowledge about teaching is emphasized, and teacher development can be
explained using a sociocultural view of learning. Teacher development is seen as
taking into account the existing experiences and socially constructed knowledge
of what it means to be a science teacher. Teachers’ knowledge is seen as socially
constructed, which provides the context for and the outcome of social interaction
among teachers. Thirdly, teacher development is seen as a dynamic process and
involves phases or sequences of changes, which involve not only the individual

teacher but also other teachers in the school or even the profession.

The staged model of teacher development (Huberman, 1993) looked at the
development of the teacher as consisting of a spiral of stages of professional
maturity over time. Though this model pointed out that teacher development

studies have to include professional development activities over time, the models
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assume a sequential picture which progresses with the passage of time, with the
development involving only the individual. The Singaporean study (Chia, Diong
and Toh, 1994) highlighted the importance of continual professional development
programmes in stimulating continual teacher development, and concluded that
professional growth may not always occur with the accumulation of years of
teaching experience. ~ The teacher career cycle proposed by Fessler and
Christensen (1992) described the importance of the social environment as the
student-teacher transforms to become a beginning teacher in the school.
Moreover, a consideration of teacher development in terms of professional, social
and personal development provides a framework to study teacher learning. Based
on this framework, the development of a teacher can be defined, described and
studied. This also provides the backbone for designing attempts to facilitate
teacher development and in analysing teacher education. The emphasis on the
sociocultural view of learning and the importance of socially constructed
knowledge of what it means to be a teacher form an important basis in

understanding teacher development.

2.4.5 Teacher socialization

Teacher development is seen as a process that involves the social construction of
the knowledge of teaching and what it means to become a teacher. Based on a
sociocultural view of learning, teaching and learning is a process that involves not
only the individual teacher but also other teachers in the school context. Similarly,
teacher educators (Zeichner and Gore, 1990; Duesterberg, 1998) view teacher
socialization as a process in which the novice teachers are socialized into the
community of teachers in the school. Studies on teacher socialization provide
information of how beginning teachers undergo changes in their professional
practices and more importantly, these studies analyse how the school environment
consisting of the socializing agents - the colleagues and school administration -
influence their development. According to Deal and Chatman (1989), the
definition of organisational socialization consists of three processes. Firstly, it is
one that involves the transformation of being an outsider to being an effective

insider. Secondly, it involves the teaching of new members about the existing
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culture, and the learning of the individual’s role. Finally, it is a process that

involves the learning of the values and the norms of the organisation. This
analysis is comparable to a sociocultural view of learning based on which Rogoff
(1995) suggested to analyse these processes using three planes of analysis;
apprenticeship, guided participation and participatory appropriation. These planes
may be applied to study teacher development and interpret the teacher
socialization process. For the beginning teachers, the organization is the school,
and these learning processes include interactions with other participants in the
community including other teachers, the pupils, and the school principals.
Moreover, the interactions between the novice teachers and the participants lead to
new consequences and implications for their classroom practice. The following
review includes an introduction to the changes in teaching during beginning
teaching, the roles of the various socializing agents, that is the colleagues, the
school administration and the beginning teacher, and models of teacher

socialization.

2.4.5.1 Teaching and Beginning Teachers

The problems that beginning teachers have in teaching are extensively described
in the literature. For the present study, the problems highlighted the constraining
factors of the school context on teacher development. The extent of these
problems may also influence how ready the novice teachers are to teach science
with a constructivist view of learning. Day and Hadfield (1995) described the
primary teachers’ thoughts about teaching as involving “the head and the heart”,
which describes the difference and the dilemma between the “actual” and the
“ideal” images of the teachers themselves. This points to the phenomenon that the
teachers are unable to put into practice their teaching intentions. Classroom
management problems are common (Cooke and Pang,1991). There are others, as
Goodman (1987) and O’Neal and Hoffman (1984) described beginning teachers as
becoming managers of predetermined programmes, rather than practitioners of
innovative strategies. Beginning teachers were found to adopt traditional methods
of classroom control in a study by Vonk and Schras (1987). The “actual” or the
realities of teaching are under the influence of the school context. The influence

may be enhancing or constraining of the teaching of the beginning teachers.



Literature Review 62

While there are studies that addressed the problems of beginning teachers
(Veeman, 1984), and described teacher developments in terms of shifts in teacher
concerns (Lin and Yang, 1995) in which trends of problems and concerns seemed
to be shared widely by beginning teachers, teaching is seen as being largely
influenced by the specific contextual situations. For example, in studying
beginning teachers’ learning, Busher, Clarke and Taggart (1988) found that the
novices found themselves heavily constrained by the norms and expectations of
the school, parents and the public about how teachers should teach, and what
pupils should learn. In their study, some of the beginning teachers were left to
find their own way of teaching, and others worried about conforming pupil
activity to school expectations. Duesterberg (1998) offered a theoretical
perspective in explaining the teaching of the beginning teachers with a concept of
cultural identification. Cultural identification is a process in which the individual
has to identify with particular practices and decide whether he or she is going to fit
into the school culture. The decision involves overcoming the fear of difference,
and determining the boundaries of being normal or different. The setting of the
boundaries involves not only the individual teacher but also the school and the
community. In this line of thinking, the school or the community contexts
significantly influence the teaching of the beginning teacher. Being different from
other teachers includes surmounting the accompanying fear. In cases where their
teaching is considered to be different, the beginning teachers are at a crossroads
between identifying with the school culture and the construction of their own
identity. Congruent with a sociocultural view of learning, Liston and Zeichner
(1991) urged researchers to consider teaching as a situated activity. They
encouraged teacher educators to heighten their focus on the political, social and
institutional contexts of teachers’ actions, as well as the consequence of the
teachers’ actions. Taking this perspective, teacher’s actions should then be
considered in light of the school and classroom contexts. Studying the process of
socialization or learning to teach in the school context for beginning teachers,
needs to include an examination of the influences of the pupils, other teachers in

the school, and the school principal.
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2.4.5.2 Agents of Socialization and their influences on Beginning Teachers

Although the agents of socialization include both people within and outside the
school, this review focuses on the four main agents in the school context, namely,
the principal, the colleagues, the pupils and the teacher himself or herself. These
are the likely agents that are to be involved in the social construction and re-
construction of the knowledge about teaching, and the meaning of a science
teacher in the present study. Zeichner and Gore (1990) suggested the exploration
of the influence of the school culture on the beginning teacher. School culture was
defined as policies, tradition, power and personalities in the school context. A
study by Johnston (1981) has explored how beginning teachers viewed themselves
in fulfilling their roles within the school context. The beginning teachers reported
strong positive changes in their relationships with fellow faculty members,
students and, to a lesser extent, parents. However, teachers reported having
increased difficulty in their relationship with the principal. Organizational
constraints and role differences greatly affected their relationship, as principals
have an evaluative role which increased the beginning teachers’ anxiety.
Moreover, researchers have found that principals indirectly affect the socialization
of new teachers by setting expectations (Rosenholtz, Bassler, & Hoover-Dempsey,
1986; Zeichner & Tabachnick, 1985), determining classroom tasks, handling
disruptive students and their parents, providing opportunities for professional
development (Wildman, Niles, Magliaro and McLaughlin, 1989), and determining
the amount of autonomy teachers have (Kilgore, Ross & Zbikowski, 1990).

Colleagues influenced the beginning teachers in positive ways, namely, in
developing their teaching skills, in acquiring a sense of competence, and in acting
as role models. Conversely, if the colleagues are unsupportive, there are also
negative influences. On the positive side, Rosenholtz, Bassler & Hoover-
Dempsey (1986) found collaboration with colleagues important in teachers’
perceptions of successful skill acquisition. Olson and Osborne (1991) explained
that there is a need for affiliation or feelings of being a member of the teaching
staff for beginning teachers, and this affects their sense of competence and
security. Wells (1984) found that teachers are more likely to act as role models if
they are in a position to evaluate the beginning teacher and have established a

friendly relationship with the individual. Role models have a significant effect
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upon the individuals’ adoption of teaching strategies and values. On the negative
side, a number of unsupportive behaviours of colleagues have a negative impact
on how new teachers view themselves and their work, and that can ultimately
contribute to their leaving the profession (Applegate, Flora & Lasley, 1980). Vonk
and Schras (1986) found that co-operation between colleagues was not stimulated
in schools. Most beginning teachers in their study characterised their contacts
with colleagues as being rather formal, on the surface and businesslike. In this
situation, beginning teachers work on their own, and Vonk concluded that this
resulted in the development of the “lonely teacher”. The “lonely teacher”, or
having distant teacher relationships, was not considered to be a supportive
condition for the professional development of the novices or even for other
experienced teachers in the school. In view of this finding, Vonk suggested that

collegial coaching or support is to be encouraged in order to help the beginning

teachers to integrate the newly learnt knowledge and skills.

Pupils are both sources of support and frustration for beginning teachers. In
qualitative research by Wildman et al. (1989), students were identified as the most
influential factor in teachers’ early career development. The study found that the
extent to which new teachers’ incoming beliefs and expectations were confirmed
had a significant impact on subsequent teaching perspective, self-confidence and
job satisfaction. Etheridge (1989) concluded with a similar dynamic situation.
She argued that the beginning teacher makes strategic adaptations to their
instructional strategies based on their dialogue with students. Vonk and Schras
(1986) have illustrated this dynamic in more concrete terms. They concluded that
pupils’ reactions affect the beginning teachers’ attempts at innovative teaching
methods.  Usually the beginning teachers had insufficient insight into the
problems the students were experiencing. Consequently, they experienced failure
in attempting innovative teaching methods, mostly due to discipline problems.
Finally, the beginning teachers may resort to traditional teaching methods and
some teachers felt forced into that situation by their students. Blase (1986)
described such situations, which are related to classroom management and
instruction, with teachers becoming more conservative with “rationalization of

teaching”, a process involving “long term teacher adjustments”.

As shown by the above review, the school context has been shown to have a large
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influence on the development of the beginning teacher, and individual
characteristics and perspectives are also documented as very significant factors.
The emphasis on the interaction between the context and the individual has called
for a reconceptualization of the teacher socialization theory (Crow, 1986).
Kilgore, Ross and Zbikowski (1990) found that beginning teachers play an active
role in their process of socialization, and this may lessen the effect of the
contextual factors. In their study, the novices’ personal commitment and self-
confidence helped maintain a reflective approach to teaching, even when they
were confronted with unsupportive environments. The novices had a strong set of
ethical beliefs and viewed their problems as situational, not as indicative of their

inability to teach.

While the influences of the various agents on the socialization of beginning
teachers are discussed, the result of the interactions depends on individual
situations, and the direction of change is not conclusive as these may enhance or
deter teacher development. Despite the variety of possibilities and influences
operating simultaneously, a number of attempts were made to describe the process

and the models of teacher socialization.

2.4.5.3 Models of teacher socialization

While teacher development can be seen as a social process, an exploration of the
role of the individual in relation with his/her interaction within the school context
is essential. Models of teacher socialization attempt to explain the process as an
individual or a social process, and the role of the individual either as a passive
agent, totally under the influence of the school context, or as an active agent who
interacts with or may even change the school context. The latter view coincides
with a sociocultural view of learning where the interactions between the
individual and the social surround is emphasized and these interactions may result
in changes in both parties. Liston and Zeichner (1991) identified two extremes of
educational research which were composed of the holistic and the individualistic
view on either end of the continuum. The individualistic view, or the
psychological perspective, has been criticized for overlooking the importance of

the social context, which constrains and enables individuals. On the contrary, the
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holistic view was equally inadequate as it gave too much power to the social
whole, without acknowledging or accounting for the functions of the individual.
As both extremes seem unsatisfactory, a third view called a “synthetic approach”
was introduced, which takes into account the interactions between the teachers’
actions and the institutional context. It was stemming from this approach that
Liston and Zeichner (1991) called for the study in teacher actions as situated
practice, as outlined in the previous section. This approach of looking at the
synthesis of the social context and the individual actions is also known as the
dialectic approach. On a similar track, studies in teacher socialization account for
the process in two extremes, the functionalist and the dialectical perspectives.
The functionalist perspective considers teachers to be passive objects of
socializing agents (Parsons, 1951) wherein “socialization fits the individual to
society” (Lacey, 1977 p. 18). Novice teachers were seen as individuals who
internalize and import the external values into their practice. However, the
dialectical perspective takes on a very different view, as explicated by Zeichner
(1980, p.22). It is “a more complex, interactive, negotiated, provisional
process...that stresses the importance of man as a creative force, as a searcher for
solutions and as possessing a considerable potential to shape the society in which
he lives”. In this perspective, the importance of interaction between the individual
and the context is stressed and viewed in a multidimensional aspect. The
emphasis on the interaction between the individual and the context is consistent

with a sociocultural view of learning.

An alternative way of studying teacher socialization is to regard the school as a
workplace, and to analyze teachers’ actions with reference to the conditions of
work. Taking the school as a workplace, Liston and Zeichner (1991) summarized
a number of studies that reveal the school conditions as constraining rather than
enabling most of the time. They cited Gutmann’s (1987) work, which suggested
that many teachers are overworked, emotionally drained, and lack the time and
support to complete their educational tasks. Moreover, Feiman-Nemser and
Floden (1986) have also pointed out that teachers work mostly in isolation in their
own classrooms where there is little interaction with other adults. Teachers
interact with the school principal in two ways. While they do not want to be
interfered with in their teaching, and yet they want the principal to act as a buffer

to the outside world. Understanding the school as a workplace provides an
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alternative perspective for looking into teacher socialization and the learning
process of the novice teachers.

In actual fact, student-teachers are not exposed to the classroom or school
situation only after they become a member of the teaching staff in school.
Learning to be a teacher starts from early education experiences during which the
children can be regarded as observing teaching. Teaching is regarded to be a
profession in which the participants undergo the longest period of observation
before their practice (Schempp and Graber, 1992). During this period of
observation, viewpoints about the teaching role are built through the
internalization of classroom experiences. This period was referred to as
anticipatory socialization (Burlingame, 1972), pretraining (Zeichner and Gore,
1990) and the apprenticeship of observation (Lortie, 1975). From a sociocultural
point of view, this is an apprenticeship period (Rogoff, 1995) when the individual
interacts with the community and is introduced into the practice of the community.
From a constructivist view of learning, this is regarded as preconceptions that the
student-teachers held before they entered the teacher education programme, which
will be changed and developed into new conceptions about teaching and learning.
Having these views of learning in mind, the role of the teacher educator is to be
aware of the importance of these experiences and how they influence the learning

process of the student-teachers.

2.5 A summary of the literature review

This section provides a summary of the studies discussed in the above literature
review, in particular, the review on the sociocultural view of learning and its
implications for teacher education. The learning of the student-teachers and the
beginning teachers in science teaching can be informed by a sociocultural view of
learning. As the personal constructivist view considers that the learners hold prior
experiences or ideas that influence subsequent learning, or in the case of the
novice teachers: their teaching, this view only partially informs the study. The
sociocultural view provides a more comprehensive picture in explaining the

process of learning to teach. The sociocultural view of learning informs the
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present study in the following ways:

i.

ii.

iil.

Knowledge about teaching is socially shared among the teachers in the
profession and in the school. Novice teachers learn and may also transform
this socially shared knowledge about teaching.

Learning in a teacher education institute is contextualised in the teacher
education programme and the student-teachers have to re-contextualize their
learning to the school and classroom context.

Learning to teach can be explained by using an apprenticeship, guided
participation and participatory appropriation planes of analysis (Rogoff,
1995). The first plane of analysis explains the interactions between the agent
and the learner at a community plane. The second plane of analysis
emphasizes the coordination and communications at an interpersonal plane
where the agent acts as a guide or mediator for learning. The third plane of
analysis emphasizes the active role of the novices and their changing roles as

learners and transformers of knowledge.

Based on the sociocultural view of learning, a number of strategies for the teacher

educator, that may facilitate the student-teachers and beginning teachers in

learning to teach science, can be summarized:

1.

il.

iii.

1v.

Teacher educators need to acknowledge the importance of the past
experience of the student-teachers as their prior education experience may
influence their learning.

Teacher educators need to “practice what they preach”, that is to teach the
student-teachers with an approach which they themselves advocate. This
models the teaching and helps the student-teachers to experience what
learning feels like. This helps to socialize the student-teachers into the
teacher education and school context. This may also be considered actively
mediating the novices between their existing ideas of teaching to new ways
of science teaching advocated in the programme.

Student-teachers need to be encouraged to reflect and discuss with their peers
as well as the teacher educator in the process of learning to teach. The
discussion helps to shape their ideas and compare their thinking. The
novices are interacting with others at the intermental plane while reflecting
on their own at intramental planes.

The programme needs to be structured to provide positive science learning
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V1.

Vil.

Viii.

experiences such that the novices may gain their confidence in teaching
science. This may be shown by an increase in the scores in Personal Science
Teaching Efficacy Beliefs.

The student-teachers needs to be encouraged to develop a repertoire of
science teaching activities and use them according to the classroom context
and in a way that helps pupils to develop their science concepts.

The teacher educator has to be aware of the influences of the school context,
namely, the pupils, other teachers in the school, and the school principal, on
the teaching of the novices. As the novices begin to teach in the school, they
are involved in a process of teacher socialization which can be viewed as a
functionalist or a dialectical process. The latter assumes a more active role
among the beginning teachers and is consistent with the sociocultural view
of learning.

Ongoing support and continual interactions with the teacher educator and the
peers of the student-teachers during the programme and at the beginningl
teaching stage are essential for enhancing the professional development of
the novices. These interactions also provide chances for reflection. The
teacher educator may provide opportunities for interactions as mediated
actions.

Teacher development may be viewed as including professional, personal and

social development.

The sociocultural view of learning informs the present study both by explaining

the learning process of the novice teachers as well as guiding the practice of the

teacher educator in facilitating the learning of the novices.

2.6 Aims of study

There were two aims for the study. The first aim was to find out ways to facilitate

the development of the student-teachers’ and beginning teachers’ ability to teach

science in schools, so as to engage the pupils in thinking during the lessons, and to

use teaching activities based on a constructivist view of learning. Secondly, the

present study aimed to understand the learning process of the novice teachers, in
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terms of their development and the influences that may be acting on their

development during the period from student-teaching to beginning teaching.

2.7 Research questions

The following are the research questions that framed the present study:

1. What are the ways that can enhance the novice teachers’ ability to teach
science based on a constructivist view of learning in the initial teacher
education programme and in beginning teaching?

2. In what ways did the student-teachers develop professionally, personally and

socially (Bell and Gilbert, 1996) as they progressed through the initial teacher

education programme and the beginning teaching?
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Chapter 3
Methodology

This chapter describes the method of research and the data collection. As the
focus of the study is to find out about the development of the novice teachers and
to understand their learning process, the main sources of data are the beliefs, the
experiences and feelings of the individual participants. Moreover, the
intervention of the study aimed to try out ways of better preparing student-
teachers to teach science based on a constructivist view of learning. The
following sections of this chapter describe approaches to social science studies,
the three phases of the study, data collection methods, data analysis, intervention

strategies and ethical considerations made in the study.

3.1 Approaches and methods in social science research

This section describes the approaches to social science research and compares the
meaning of data, the method of analysis and how theory is derived under the
different approaches. By using a sociocultural view of learning to analyse teacher
development, the present study adopted an interpretive approach to find out how
the participants made sense of their experiences as they were socialized into a
culture of teaching. The second sub-section looks into the qualitative and
quantitative methods, and considers how each of these contribute to the
interpretive approach. The third sub-section focuses on the specific method of

data collection employed in the present study.

3.1.1 The positivist, interpretive and critical social science research

approaches

Three approaches to social science research were described by Neuman (1997)

namely, positivist, interpretive and critical social science approaches. A
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comparison of the three approaches as described by Neuman (1997) is
summarized in the following paragraph:s.

The positivist social science approach is congruent with the ontology and
epistemology of methods of investigation in the natural sciences. This approach
is described as “objective” and “value-free”. Data collection techniques are
associated with surveys and experiments. Data analysis techniques are associated
with statistics, and testing out hypotheses by using numbers or exact
measurements. The observations made must be replicable and the explanations
made must have no logical contradictions, and must be consistent with the
observations. Critics have found that the positivist approach cannot reflect the

actual lives of people as it does not provide information about the interactions of

individuals and human beings (Neuman, 1997).

The interpretive social science approach views social reality as constructed by
people. In contrast with the positivist approach, interpretive researchers do not
emphasize replication or objectivity, as every person’s definition and experience
of social reality is seen to be different, and varies from time to time. This
approach aims to describe how different people experience the world, create and
share meanings. The description provides others and the readers with a feel for
the social reality experienced by different people. Unlike the positivist, the

interpretive researcher does not attempt to be value-free.

The critical researcher starts with a point of view (e.g. feminist) and describes
issues associated with role and power that are ignored by the interpretive
researcher. The interpretive researcher differs in the way that their study provides
an account of the rules of behaviour, interpretive mechanisms and systems of
meanings, and does not necessarily hold a particular point of view at the
beginning of the study. The aim of the critical researcher is to change society
radically and to develop a critique that helps people to see the way to a better

world. Values and positions are divided into right and wrong.

The present study adopts an interpretive approach rather than a positivist or
critical approach. By taking an interpretive approach, the present study explains

the world not by means of abstract, logical theories, but instead attempts to
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understand the actions of the student-teachers: how they described their
experience and their feelings in the process of learning to teach. Congruent with
a sociocultural view of learning which was taken to analyze student-teachers’
development, the interpretive approach acknowledges that people create their
understandings of the reality in their social interactions with others. In using an
interpretive approach, the description of the reality in the present study did not
consist of deductive theorems, but included inductive descriptions and
interpretations of how the participants of the present study conducted and make
sense of their lives. The evidence or data were interpreted in the light of this
context. People’s actions and descriptions were understood in the light of the
contextual situation. The present study is also different from the critical approach
in that the aim was to understand and describe: student-teacher development as
viewed by the participants, instead of attempting to put forward a radical point of
view that changes society. Values were seen only to be different, instead of being

right or wrong as suggested by critical researchers.

3.1.2 Qualitative and quantitative research methods

In drawing a relationship between the three approaches discussed in the previous
section: positivist, interpretive and critical social science research approaches, and
the quantitative and qualitative research methods, Neuman (1997) suggested that
the positivist approach tends to be associated with quantitative methods whereas
the interpretive and critical approaches tend to be related with qualitative
methods. Although the quantitative and the qualitative methods of research seem
to be distinct from each other in how the researcher sees data, Neuman (1997)
suggested that all researches are a mix of both quantitative and qualitative types,
with the proportion of each type varying. Researchers can employ mixed-
methods designs by using both qualitative and quantitative methods to look at
different aspects of a problem (Crawford and Christensen, 1995). This is feasible
because each method contributes a different part of the picture, while both
methods may reliably be used to understand the constructed realities of the people
or activities in the study, as well as generate data that may be generalised (Drew,

Hardman and Hart, 1996).
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The present study adopted an interpretive approach. As suggested by Neuman
(1997), most studies involve a mixture of quantitative and qualitative methods,
with both methods of data collection being employed. Despite this, the main part
of this study is qualitative in nature, and phase three of the study adopted a case
study approach. The use of the qualitative method is consistent with the
interpretive approach, as both emphasize the importance of the social context in
understanding the social world and how the participants make meaning of their
experience. The teaching and learning of the student-teachers were explained and
described in the light of the social context of the teacher education institute and
the schools. The explanations may have been different if the teaching and
learning had occurred in different situations. This is congruent with a
sociocultural view of learning, which was employed to explain the results of the
study. The qualitative method used within an interpretive approach is consistent
with a sociocultural view of learning. Both consider people’s actions in the light
of the context or the purpose behind it; for example, in explaining the function of
a resource pack, the pack has to be viewed together with the intentions based on

which the contents are designed.

Consistent with the above comparisons, three strengths of qualitative research
have been identified by Miles and Huberman (1994). Firstly, qualitative data
were found to reflect actions instead of behaviour. Congruent with a sociocultural
view of learning, actions were defined as carrying with them the intentions and
meanings of the actor. Secondly, these actions were context specific and hence
reflect what “real life” is like. Thirdly, the strength of the qualitative data is the
fact that it reveals the meanings that people give to what happens around them, or
the “social world”. This is comparable to a social constructivist view that values
how people interact with each other and build up shared meanings about reality.
In line with these arguments about the strengths of qualitative studies, the present
study described the teaching actions of the teacher educator, the student-teachers
and the beginning teachers. Their actions were analysed embedded in the social
context, namely, in the teacher education institute and the schools. The
interactions between the participants and the researcher, as well as between the

participants and the schools, were analysed and valued.
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3.1.3 Data collection methods employed

A study that involves the same group of participants, with data collection lasting
over a period of time, is described as a cohort study or longitudinal design. The
present study is a cohort or panel study in which the professional, social and
personal developments of the student-teachers were followed over a 21-month
period. The strengths of a cohort study are identified by Cohen and Manion
(1994) as being capable of constructing patterns of development, producing
individual growth patterns, and being able to distinguish ‘real’ changes. It also
eliminates the influence of limited time associated with one-off studies.
Moreover, Shaughnessy and Zechmeister (1996) suggested that longitudinal
studies are crucial in studying changes over time. As the present study is
designed with a purpose to describe student-teacher development, it identifies
with the nature of cohort study. The advantage of a longitudinal design coincides
with the purpose of the present study, that is this design allows the researcher to
determine the direction and extent of change for individual participants

(Shaughnessy and Zechmeister, 1996).

Research studies with a longitudinal design need to face a potential problem that
the number of participants may be low (Shaughnessy and Zechmeister, 1996). At
the commencement of the study, it can be difficult to find a group of participants
who are willing to be involved in a long-term study, in which they may have to
fill in surveys over a number of years. During the course of the study, the number
of participants may decrease due to mortality. This mortality includes both a
literal and figurative meaning. Another problem associated with longitudinal
studies is that repeated interviews may have an influence on the participants.
They may strive to respond in consistent ways or the first interview may sensitize
the participants to the issue being investigated (Shaughnessy and Zechmeister,
1996). For example, having been prompted to discuss teaching science with a
constructivist view of learning in the interviews, the student-teachers may attempt
this strategy more frequently in their classroom teaching. Despite this, these
attempts of the student-teachers may not be interpreted as a negative influence as

this was the aim of teacher education.
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Having set the main approach and method of the study, the following section
describes the different methods of data collection, including: survey for field

research, interviews, classroom observations and journals.

The major portion of the qualitative data in the present study was collected using
interviews, classroom observations and journals. Through the interviews, data
was gathered through direct verbal interactions, and this allowed a greater depth
of data collection (Cohen and Manion, 1994). Furthermore, the use of interviews
in the present study was consistent with Neuman’s (1997) summary of the typical
field interview:
e The questions and the order in which the questions are asked are
tailored to specific people and situations.
e The interviewer shows interest in responses which encourages
elaboration.
e It is like a friendly conversational exchange, but with more interviewer
questions.
e Open-ended questions are common, and probes are frequent.
e The interviewer and member jointly control the pace and direction of
the interview.
e The social context of the interview is noted and seen as important for
interpreting the meaning of responses.

e The interviewer adjusts to the member’s norms and language usage.
(Neuman, 1997, p. 371)

These points reflect the importance of the context in the interviewing process and
in the interpretation of the interviewing data. The importance of developing trust,
a potentially long-lasting relationship and encouraging openness for the interview
process was pointed out by Reinharz (1992). Moreover, the importance of a non-
hierarchical relationship between the interviewer and the interviewee has been
highlighted by researchers (Oakley, 1981; Haig-Brown, 1992). While field
interviews are described as being unstructured, informal and long, the interviews
in the present study were semi-structured with the interview schedule constructed
in accordance to the three areas of teacher development. Despite this, the

interviews were in-depth, open ended without prescribed categories of responses,
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and to some extent unstructured as the participants were given the freedom to

elaborate on issues they felt to be significant to their development.

Part of the data was obtained by observations in the classroom. Observation
involves the collection of data on non-verbal behaviour, and is seen as a method
superior to surveys as it is less reactive and it eliminates verbal bias in structured
questions. Further, this method allows researchers to make appropriate notes and
describe ongoing behaviour which takes place in a more natural environment. A
more intimate and informal relationship between the researcher and the
participants of the study can be developed over an extended period of time (Cohen
and Manion, 1994). Realising the above summary of the inherent advantages of
observation, the present study incorporated observation data in relation to
interviews and journals in describing the actions of the novice teachers. It is not
only the behaviour that was described but the views and intentions of the novice

teachers were analysed thus providing a description of the actions.

Apart from having the novice teachers talk about their experiences in interviews
or observing them in classrooms, the collection of journals provides valuable
descriptions about how they think about their own experiences. The use of
“subject’s written words” as a form of data is found to be a rich source of data and
their use is often coupled with interviews and observations (Bogdan and
Biklen,1992). Moreover, Mikkelsen (1985) found journals to be a useful tool in
studying teaching as they may reflect how student-teachers make links between
theory and practice. In the present study, the data from the observations,
interviews and journals were to be interpreted in a coherent way to provide a

portrait of the development of the novices.

The design of the present study allowed triangulation of various sources of
qualitative data as obtained from interviews, classroom observations and journals.
The use of different data collection techniques can serve to eliminate bias and
overcome the problem of ‘method-boundedness’ (Cohen and Manion, 1994), that
is to be limited by a single method of data collection. Moreover, qualitative data
was supplemented with quantitative data from a survey or questionnaire study.

Neuman (1997) summarized from selected studies (Agar, 1980; Smith, 1987,
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Smith and Gene, 1987) and concluded on how surveys can complement field or
qualitative research. Among Neuman’s comparisons, three were particularly
relevant to the present study:

® Corrects for the tendency to see parts of a setting as congruent.

® Demonstrates that a single observation may be generalizable.

® Verifies field observations and interpretations. (Neuman, 1997, p.337)

The quantitative measurements of science teaching efficacy beliefs reflect the
changes in confidence to teach science among the participants in the study. These
measurements were compared with the emergent themes in the qualitative data,
and allowed the findings to be generalized to other participants in the study who
did not participate in the interviews. Moreover, the changes in the trends of the
science teaching efficacy beliefs measures verified the interpretations drawn from
the classroom observations and the interviews. The use of both quantitative and
qualitative data in a study was described as linking the two types of data by Miles
and Huberman (1994). They related that the analysis of quantitative data helped
to show the generality of the observations from the qualitative part of the study
and reduced the “holistic fallacy (monolithic judgement about a case)”’. A one-
sided view on judgement is avoided as the quantitative data may help to verify or

provide new interpretations of the qualitative findings.

The linking of the two types of data was also depicted at three levels, two of
which are relevant to the present study. One of the levels involves the linkage of
two types of data as described above, in which quantitative data were used to
support the findings in a qualitative study. Another level is the “quantizing” of
qualitative information, thus making qualitative information countable. For
example, this involved counting the frequency or the occurrence of a certain
response in the interviews. Instead of showing the relationship between the two
methods of data collection, this level described how qualitative data could be

analysed with representations in numbers.

Consistent with the adoption of an interpretive approach, the data collected in
the present study involved a combination of qualitative and quantitative methods,

with the latter supporting the findings in the former. As a longitudinal study, it
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was a cohort or panel study, which involved the same group of participants
throughout the period of study. The qualitative methods of data collection
included interviews, classroom observations and journals. Having described the
methods of data collection, the following section looks into the three phases of the

study.

3.2 The three phases of the study

In order to prepare the student-teachers to become better science teachers, the
intervention strategy of the presented study was conducted in 3 consecutive
phases: the curriculum studies module, the teaching practice, and the beginning
teaching over a twenty-one month period. The interventions actually included the
various forms of support for the participants at the different phases (Table 3a).
During the Curriculum Studies module, the interventions mainly included ways
that helped the student-teachers to be aware of the importance of children’s
preconceptions and to teach based on a constructivist view of learning. During
the teaching practice, the interventions provided opportunities for the student-
teachers to support each other and discuss their choice of teaching strategies.
During the beginning teaching phase, the intervention mainly consisted of the
provision of the resource packs, the workshops and telephone enquiry

opportunities.

The data were collected in pace with the interventions and included both
quantitative and qualitative methods (Table 3b). During the teaching practice and
the beginning teaching phases, lesson observations were made. Other forms of

data collection included the use of questionnaires, interviews and journals.

Having described an overview of the study, the following sections describe in
detail the data collection adopted to portray teacher development, and the

intervention strategies that aimed to enhance teacher development.



Methodology 80

Table 3a The three phases and the interventions in the study

Phase [ Activity The interventions that supported teacher development
1 Module on| 1. Helping student-teachers to be aware of the influence of
science their previous (science) education experience
Sept to | curriculum | 2. Strengthening pedagogical content knowledge, raising the
Jan, studies awareness of children’s preconceptions
1997 [(CS 3. Discussing characteristics of science teaching: pictures of
module) teaching situations, use of concept maps, videos of sample
lessons (stating the characteristics), card sorting, power
on/off/with/for, post-box
4. Discussing ways to develop children’s ideas and carry out
follow-up investigations
5. Discussing planning and teaching science
6. Microteaching
2 Teaching 1. During the Teaching Practice:
Practice - discussion of alternative ways of teaching
March - encouragement from peers
to 2. After the Teaching Practice:
May, - experience sharing
1998
3 Beginning | 1. Workshop on the resource packs -- to exchange ideas in
Sept, |teaching teaching; suggesting problems and solutions
1998 2. The resource packs
to 3. Telephone enquiry
June,
1999

Table 3b A summary of the three phases and the data collection methods

Phase | Activity Data Collection
1 Module on| 1. Invitation to participate in the study
science 2. Recordings of sessions
curriculum 3. Questionnaire
studies 4. Interviews (before and after teaching the module)
2 Teaching 1. Interviews after the teaching practice
Practice 2. Classroom observations
3. Questionnaire
3 Beginning 1. Interviews after 3 months of teaching and during the
teaching implementation of the resource packs

4. Journals

2. Classroom observations
3. Questionnaire

3.3 Data collection

The design of this study involved both qualitative and quantitative methods of

data collection. The qualitative data were collected to reflect the professional,
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social and personal development of the student-teachers and the beginning
teachers. The quantitative data were collected to represent the changes in the
confidence to teach science and the perceptions among the novice teachers about
science teaching. Qualitative data were acquired through interviews (Appendix
Al to AG6), field notes, journals (Appendix B1, B2) and observations.
Quantitative data were obtained through the use of the student-teacher
background questionnaire (Appendix C1), the science teaching efficacy belief
(STEB) instrument (Appendix C2), the science teaching questionnaire (Appendix
C3), the post questionnaire teaching practice (Appendix C4), and the beginning
teaching questionnaire (Appendix CS5).

The data was collected by the researcher, who was also a lecturer teaching the
group of participants, i.e. the student-teachers in the teacher education
programme. This teacher educator role motivated the study. The researcher role
was kept more prominent in the data collection in a number of ways. Firstly, data
collection was separated from assessment. The involvement of the researcher as a
lecturer was limited to the two-credit point Curriculum Studies module, and
within that module the researcher was involved in the assessment of the student-
teachers. The assessment took the form of the trying out or micro-teaching, and a
test during the last session of the module. Data was not collected during the
sessions when assessment was taking place. During the teaching practice period,
the researcher collected data through lesson observations with the student-
teachers. As the assessment for the teaching practice was conducted separately
from the other parts of the programme, the researcher did not play a dual role as
an assessor while data was collected in the lesson observations. Throughout the
period of the study, the researcher separated the data collection procedures from
the assessment of the student-teachers. Despite this, the researcher was aware of
the possibility that the student-teachers might respond in ways that closely
corresponded to what was taught in the module. To minimize this possibility, the
student-teachers were reminded in the interviews and in filling out the
questionnaires that they were part of a research project which had no bearing on
their assessment of the module. Secondly, the researcher reminded the
participants about the confidentiality and anonymity of the data collected. In the

interviews, the student-teachers were assured of the confidentiality of their
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identity and of the purpose of the data collection. Thirdly, the researcher tried to
build up a trusting relationship with the participants. The interview process was
more open and informal (compared with a general lecturer-student-teacher
relationship) and the dialogue was more like a daily conversation. The researcher
also attempted to conduct the interviews in a non-hierarchical atmosphere. The
student-teachers were encouraged to express their views honestly and openly
about the Curriculum Studies module and about their teaching during the
beginning teacher phase. Due to the research, there was more contact between the
researcher and the student-teachers which helped to build up trust among the
student-teachers. This trusting relationship was more prominent in phase three,
the beginning teaching phase of the study, when the student-teachers had
graduated. The beginning teachers were more ready to voice their concemns, to
talk about how other teachers taught in the school and their feelings, and to take
risks in implementing changes in their science teaching. At the beginning
teaching phase, the researcher did not play a dual role but was more of a peer or a
friend to the beginning teachers, supporting them informally in their science

teaching.

3.3.1 Participants

The participants were the final year student-teachers of the two-year Certificate in
Primary Education Programme at the Hong Kong Institute of Education. A total
of 39 student-teachers took the Curriculum Studies module, all of whom were
taking science as their main curriculum area. Table 3c represents the number of
participants in the qualitative part of the study. There were 13 student-teachers
who volunteered to participate in the interviews before the commencement of the
module. During the teaching practice, only 11 of them had a chance to teach
science topics and hence participated in the interviews. Among the 11 student-
teachers, only five of them managed to secure a teaching post in primary schools.
The others were either teaching in special needs schools or did not manage to find

a teaching post. As the curriculum and the classroom situations in the special
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needs schools' were quite different, only five of the beginning teachers were

included in the last phase of the study.

Table 3¢ The number of participants in the qualitative part of the study

Phase Number
Before and after the module 13

After the teaching practice 11

At the beginning teaching phase |5

The number: of respondents in the quantitative part of the study at the different
phases iis: summarized in Table 3d. The questionnaires were sent out to all the
student-teachers (N=39) in the first session of the Curriculum Studies module.
The student-teachers were invited to fill in the questionnaires in the last session of
the Curriculum Studies module. As three student-teachers were absent, a total of
36 questionnaires were collected. Another questionnaire was mailed to the
student-teachers after the teaching practice, and a reminder was sent to those who
did not return the questionnaires after one week. Finally, 27 returned the
questionnaire. According to the returns after the teaching practice, 20 of the

student-teachers taught science during their teaching practice.

Table 3d The number of respondents in the quantitative part of the study

Phase Number
Before studying the Curriculum Studies module 39
After studying the Curriculum Studies module 36
After the teaching practice 27
Student-teachers who taught science during the teaching practice 20

3.3.2 Qualitative measures

The qualitative measures in the present study include findings from the
interviews, classroom observations and journals as described in the following sub-
sections. The planning of the qualitative data collection was made with
consideration for an adapted cycle of teaching (Figure 3a) as suggested by
Shulman (1987). The cycle includes the selection of teaching material, the

selection of instructional strategy (or teaching approach), classroom teaching, and

1 The special needs schools are set up for children with special mental and physical needs. The curriculum,
the ability of the pupils and the classroom situations are very different from the primary schools.
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how teachers think about their teaching. Based on these, the interview included
questions on lesson preparation, the choice of teaching strategies, and how the

teachers think about pupils’ learning. Moreover, the lesson observations

conducted looked into the classroom teaching part of the cycle.

Selection of material < Reflection / Evaluation
Representation  —
Pedagogical Content Teaching /
Knowledge (PCK) Instruction
Selection of A

Instructional Strategy —

Adaptation

>

Figure 3a A representation of Shulman’s Conception of Teaching

3.3.2.1 Interviews

During the course of study, there were four rounds of interviews (Table 3e). The
interviews were scheduled to identify the changes in the views of science learning
and teaching, the strategies in planning and conducting science lessons,
confidence in teaching science, and the student-teachers’ feelings about teaching

science in school.

In constructing the interview schedules, the questions were organised under the
three aspects of development: professional, personal and social.  Under
professional development, the questions aimed to identify the student-teachers'
views of science teaching from a constructivist view of learning. In addition, how
important they regarded the subject in comparison with other subjects and their

view of what they thought pupils should learn in science were collected. Under
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personal development, their confidence to teach, and the feelings associated with
being a science teacher at the various phases were compared. Questions
concerning social development started to appear in the third interview, by which
time the student-teachers had had actual teaching experience. It is from this time
onwards that the student-teachers had a school context within which to think

about their role as a science teacher.

Table 3e Time Schedule of the Interviews
Phase | Interview | Interview | Timing
No. Schedule
(Appendix
No.)
1 1 Al At the start of the module N =13
1 2 A2 After the end of the Curriculum Studies module
N=13
2 3 A3 After the teaching practice N =11
3 4 A4 Three months after graduation N=15
3 5 A5, A6 During and after the implementation of the resource
packs
N=5

The interviews were focused to identify themes for comparing the development of
the student-teachers and the beginning teachers in the three phases of the study.
For professional development, the focus was on finding out the student-teachers’
views of teaching science from a constructivist view of learning, and their views
of science learning as a subject in primary school: the importance and what pupils
should learn. In terms of personal development, the questions aimed to find out
their confidence to teach science and their associated feelings. For their social
development, the focus was to find out their relationship with their pupils and
their relationship with other teachers and the school prinicpal. Although the

interview schedules were set, the interviews were semi-structured in that certain
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themes that seemed to be significant during the interviews were discussed in

greater details than others.

The first interview aimed to identify a baseline for comparing the development of
the student-teachers in the other phases of the study. In the area of professional
development, the prior views as to what pupils should learn in science, and the
importance of the subject, as well as the student-teachers’ previous knowledge
about teaching were collected. In terms of personal development, the influence of
the course on their view of science teaching, the influence of previous experience
on learning science, and their feelings associated with having to be a science
teacher or learning to teach science were identified. The following questions were

asked in the interview:

Professional Development

1. What do you think is or are the important things that pupils
should learn in their science lessons? ( What are your primary
concerns about the teaching of science? )

2. Is science more, or less, or equally important for primary
children as other subjects like English, mathematics, etc.?

3. What do you think science is? How would this view of science
influence your teaching? What is the role of the teacher in
teaching science?

4. With reference to science teaching, what are the steps in your
lesson preparation?

5. When you teach science, what are the most common strategies
that you would employ? What are the reasons or principles
for choosing these strategies?

6. Do you think that pupils have some preconceptions in science
before they go to the science lessons? What would you do if
you found out that pupils have such preconceptions?

Personal Development

1. Does the present 2PC (2-year Primary Certificate) course have
any influence on your science teaching? What are the
influences?

2. Can you describe your past experience in learning science?
(Have the teachers who have taught you before had any
influence on your teaching? What are the influences? OR Does
your experience as a student have any influence on your
teaching? What are the influences?)

3. How do you feel about having to teach science topics in
General Studies?

The second interview elicited how their views had changed in relation to the
module, and how they would plan to teach science in their teaching practice. The
questions addressed their professional development and focused on: post-module

views on what pupils should learn in science and the importance of the science
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subject, the teaching strategies learnt, and those that they expect they would
employ in their teaching practice, and the influence of the module on their
teaching. In terms of personal development, their feelings associated with

implementing the new strategies in their teaching practice was the theme of the

questions. The questions asked were:

Professional Development:

1. What do you think is or are the important things that pupils
should learn in their science lessons? ( What are your primary
concerns about the teaching of science? ) Have your views
changed? If so how and why?

2. Is science more, or less, or equally important for primary
children as other subjects like English, mathematics, etc.?
Have your views changed? If so how and why?

3. With reference to science teaching, what are the steps in your
lesson preparation?

4. When you teach science, what are the most common strategies
that you would employ? What are the principles in choosing
those strategies? (Or What do you remember about the
strategies that we have covered in the module? What do you
think about their applicability in your situation?)

5. How do you feel about studying the Curriculum Studies
module? Has the module had any influence on your science
teaching? What are the influences?

Personal Development:

1. How do you view yourself learning to teach science?

2. How do you feel about having to teach science topics with a
constructivist view of learning?

Social Development:

What does it mean to you to be a teacher of science?

The third interview, which was conducted after the teaching practice, was
designed to find out the student-teachers’ views of science teaching, how they saw
the importance of science as a subject after having classroom teaching experience,
the strategies that they actually employed in their teaching and the influences on
their teaching. Their feelings and confidence associated with science teaching
were also identified. Starting with this interview, questions that focused on
finding out the influence of the school, including the colleagues and the pupils,

were included. The following questions were asked in the interviews:

Professional Development:

1. Have your primary concerns about the teaching of science, and
your view at what the important things that pupils should learn
in their science lessons are changed? If yes, in what way?

2. Is science more, or less, or equally important for primary
children as other subjects like English, mathematics, etc. ?
Have your views changed? If so how and why?
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3. How actually did you go about teaching science topics in the

teaching practice?
Discuss: the preparation, the activities you employ, the
principles behind them, classroom management, assessing
pupils’ learning, and if there are any really successful lessons
that you remember.

(The above questions will reveal how the student-teachers teach

science e.g. the way they use the textbook, if they ask pupils to

read about a topic, how they use worksheets and experiments, etc.

This will show if the student-teachers take into account pupils’

thinking when teaching.)

4. What significant events occurred during the teaching practice
(this period) that influenced your practice in teaching and
learning science at the primary level?

Personal Development:

1. How do you feel about being a science teacher?

2. How do you view yourself learning to teach science?

3. Has the teaching practice had any influence on your confidence
to teach science? What are the influences? How do you feel
about having to teach science topics with a constructivist view
of learning?

Social Development:

1. How would you describe your relationship with your pupils?

2. How would you describe your relationship with other teachers
and the school principal? (How does this compare with the
time of student-teaching?)

3. In your view, what does it mean to be a teacher of science?

In the interviews during the beginning teaching phase, the focus was on how their
views had changed as they took up a full-time teaching position (if their views
about science learning and teaching had changed), how they taught in the lessons,
the support that they received from the school, and the preferred forms of support.

The following questions were asked:

Professional Development

1. What do you think is or are the important things that pupils
should learn in their science lessons?

2. How would you compare science with other subjects like
English and mathematics?

3. With reference to science teaching, what are the steps in your
lesson preparation?

4. When you teach science, what are some common strategies that
you would employ? What are the reasons or principles for
choosing these strategies?

5. To what extent were you thinking of a constructivist view of
learning during the lesson? Did the curriculum studies module
have any influence on your present science teaching? What are
the influences?

6. How would you compare the teaching now with your teaching
as a student teacher? What are the main differences?

7. What significant events occurred during this period (or what
are the factors) that influenced your views in teaching and
learning science at primary level? What are the implications
on your practice of teaching science?
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8. Do you have any suggestions on how to support the teaching of
beginning teachers? What support did you receive? What
additional support would have been helpful to you?

9. Did you reflect on your teaching? What was it like? What
help would you like to enable you to do more?

10. What feedback did you receive? What additional feedback
would have been helpful to you?

Personal Development

1. How do you feel about having to teach Science topics in
General Studies?

2. How do you perceive your future development in teaching
science, in terms of teaching skills and confidence?

Social Development

1. What does it mean to be a science teacher in school? Has your
view changed? What is influencing the way you see this?

2. Are you the same sort of (GS) General Studies teacher as other
teachers in the school?

3. What do you see as the role of the teacher in students’ learning
science?

In the interviews during the implementation of the resource pack, the beginning
teachers were asked to describe how they had used the materials, the reasons and
considerations for their choice, what teaching and learning was like during the
implementation, whether other teachers in the school were involved in the
implementation, their confidence in science teaching, and how they postulated
their directions of science teaching in the future. The following questions were

included:

Professional Development

1. How do you feel about the lesson you have just conducted?

2. What were your intentions in the planning and have they been
achieved in the lesson?

3. How differently have you taught compared to other science
lessons?

4. What are the ways that you have used to stimulate pupils to
think?

5. What are the ways that you have helped pupils apply their new
ideas?

6. How did you go about finding out pupils’ ideas? Having found
their ideas what did you do next?

7. What do you think about the pupils’ learning in the lesson?
Has better learning occurred?

Social Development

Did you discuss with your colleagues or peers the use of the

materials in the resource pack? What were the discussions about?

Personal Development

How do you feel about using the materials designed in the

package?
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In the last interview, after the beginning teachers had completed teaching the topic
with the resource pack, the questions were focused to identify their opinions about
the resource pack, how they chose the materials, whether they influenced other
colleagues in the school, the reactions of their pupils, their confidence to teach
science and what their future teaching would be like. The following questions

were asked in the interview:

Professional Development

1. Can you describe how you have used the resource pack?

2. What do you think are the strengths and weaknesses of the
resource pack?

3. Has the use of the resource pack influenced the way that you
look at what is most important in science learning?

4. Has and will the use of the resource pack influence your choice
of teaching strategy? What are the influences and why?

5. What are the influencing factors that may affect the
implementation of the materials in the resource pack?

6. Do you have any suggestions on how to improve the resource
pack or support the teaching of beginning teachers?

7. What is your view of teaching in general? How do you think
children learn best? How has your view changed compared
with before your graduation?

Personal Development

1. Does the resource pack have any influence on your confidence
in science teaching? What are the influences?

2. How would you perceive your future direction in teaching
science, in terms of teaching skills and confidence in using the
resource pack?

Social Development

1. Did you discuss with your colleagues or peers the use of the
materials in the resource pack? What were the discussions
about?

2. What were the reactions of the pupils towards the activities
suggested in the resource pack? How would these influence
your teaching and confidence?

*QOther questions were included as arising from the teacher’s

journals, pupils’ work and the questionnaire findings.

The interview schedules were used as a guide only, as each of the participants
responded differently, and their responses were further explored. For the first two
interviews, they were conducted in the office of the researcher. The interviews
after the teaching practice were conducted in the school after the lesson
observation. The interviews in the beginning teaching phase were all conducted
in the schools and after the lesson observations. Each of the interviews lasted for
about one to one and a half hours. The interviews were conducted in Cantonese

and were recorded. The interviews were transcribed and translated into English.
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3.3.2.2 Lesson Observation

The lesson observations were conducted during the teaching practice and during
the beginning teaching. For each participant in the study, one observation was
made in the teaching practice period and three others were made during the
beginning teaching phase. The focus of the observation was on the extent to
which the student-teachers had taught science based on a constructivist view of
learning. Each of the lesson observations lasted for one General Studies lesson
that ranged from 35 to 40 minutes. The observations were voluntary on the part
of the student-teachers and did not contribute to the assessment of the teaching
practice. The assessment for the Curriculum Studies module was independent of
their performance in the teaching practice. The student-teachers were assessed on
their teaching practice by other lecturers and the researcher was not involved in
the supervision of the student-teachers who participated in the study. During the
observations, field notes were taken and the lessons were audio-taped. As the
lessons were conducted in Cantonese, the lessons were translated and transcribed.
The observations provided support to the data obtained in the interviews
concerning how the participants’ views of science teaching were translated into

classroom situations.

3.3.2.3 Journals

In order to capture the thoughts of the beginning teachers as they started to teach
and as they employed the resource packs, they were invited to write journals to
document their thoughts and experiences. The beginning teachers were invited to
write about three episodes of teaching within the first three months of their
teaching and six lessons during the implementation of the resource packs. The
focus of the journals was to find out the extent to which the beginning teachers
were teaching science based on a constructivist view of learning and their
thoughts and feelings about their teaching. Each of the beginning teachers was

given the different guiding questions for writing up the journals during the two
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time periods. The first set of guidelines (Appendix B1) for the journals written

three months after beginning teaching was:

Describe three General Studies lessons that you were most
impressed with. For each of them describe:

i. the lesson content, how you prepared for the lesson, what your
considerations and teaching method were;

ii. what happened during the lesson, what activities were
conducted and how the pupils responded;
iii.  what your feelings were after the lesson.

The second set of guidelines for the journals (Appendix B2) written during the
implementation of the resource pack was:
Describe six lessons during which you employed the materials or
strategies suggested in the resource pack. For each of them
describe:
i. the materials or content that were employed;
ii. what happened in the lesson, what activities were conducted and
what the pupils’ responses and questions were;
iii. how you responded to the pupils’ questions;
iv. if you think the activities stimulated the pupils to think;
v. whether the lesson was successful or not, and what the reason
was;
vi. if you teach this topic again, what you will do;
vii. what support you need.

The findings from the journals were to support and add to those from the

interviews and the lesson observations.

Apart from the interviews, lesson observations and journals, data were also
collected in the module sessions. Summaries of the discussion records of the
student-teachers in the group activities were also taken by the researcher as a

source of data.

3.3.3 Quantitative measures

The quantitative data collection was conducted during the three phases of the
study as summarized in Table 3f. Before the commencement of the module, three
questionnaires were distributed to the student teachers. The first one was a

student teacher background questionnaire (Appendix C1). The items were
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adapted from a study by De Latt and Watters (1995) which revealed variables that
might possibly influence the scores in the Science Teaching Efficacy Beliefs. In

addition, reference was also made to a questionnaire on teacher education students

(Su, 1993).

Table 3f Administration of the questionnaires for the quantitative part of the

study

Time

Questionnaire Items

Before the commencement of
the Curriculum Studies module
N=39

1. The student teacher background (Appendix C1)

2. The Science Teacher Efficacy Beliefs questionnaire
(Appendix C2)

3. The science teaching questionnaire (Appendix C3)

After the Curriculum Studies
module N =36

The science teaching questionnaire (Appendix C3)

After the teaching practice
N =20

1. The post-teaching practice questionnaire (Appendix
C4)

2. The Science Teacher Efficacy Beliefs questionnaire
(Appendix C2)

At the beginning teaching phase
N=5

1. The beginning teaching questionnaire (Appendix C5)
2. The Science Teacher Efficacy Beliefs questionnaire

(Appendix C2)

The second questionnaire was the Science Teaching Efficacy Beliefs instrument
(Appendix C2). This questionnaire was administered before the module and after
the teaching practice. The Science Teaching Efficacy Beliefs instrument (Riggs
and Enochs, 1990) was adapted to reflect the local context, and was translated
into Chinese. In order to identify if there were changes in the Science Teaching
Efficacy Beliefs among the student-teachers in the teacher education programme,
the instrument was administered at two points. The first time was before they took
the Curriculum Studies module. This set the basis for comparison. The second
time was after the teaching practice, just before they graduated in around June,
which was the last month of the semester. The comparison showed the influence
of the module and the teaching practice on their confidence to teach science. This
captured the perception of the novices after they started teaching, and the data
supplemented the information obtained in the qualitative part of the study.
Moreover, this questionnaire was also distributed at the end of the beginning
teaching phase to find out the confidence of the beginning teachers in teaching

science.
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In the science teaching questionnaire (Appendix C3) which was distributed after

the teaching practice, there were three main questions, which included:

e the frequency of the teaching activities adopted in science lessons;

e the extent to which they agreed with a number of statements about science
teaching;

* asituation question that described a number of possible actions after having
found out that the pupils could not understand concepts about the properties
of air:

You have taught a topic on air to a class of primary 4 pupils. At
the end of the topic, you find out that your pupils think that:

air is weightless

water droplets that condense on the surface of a can of soft drink
come from the inside of the can.

What would you do in the next lesson?

The first two questions were rated on a five point Likert scale and a larger value
represented higher frequency of stronger agreement. In the third question, the

student-teachers were asked to rank order the ten possible actions.

In the post-teaching practice questionnaire (Appendix C4) distributed after the
teaching practice, the student-teachers were also invited to rate the degree of
difficulty they experienced for six tasks:

e understanding pupils’ preconceptions

e having sufficient science academic knowledge

e conducting activities

e conducting practical activities

e classroom management

e stimulating pupils to think.

The ratings were made from a 0, 1 to 5 scale with 0 meaning no difficulty, 1

indicating little difficulty, and S indicating extreme difficulty.

The beginning teaching questionnaire (Appendix C5) distributed at the end of the
beginning teaching phase included the questions about the degree of difficulty of

the various tasks, the confidence of the beginning teachers in teaching in general,
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and in teaching science topics as compared with other subjects such as
mathematics and Chinese, as well as with other topics in the General Studies

curriculum.

3.4 Data analysis

This section describes how the data were analysed and how the coding

represented the sources of the qualitative data.

3.4.1 Analyzing the data

The aim of the data analysis was to identify the social reality that the participants
had constructed. Themes and categories were developed as the researcher read
through the transcriptions and the journals. The findings in the journals and the
lesson observation transcriptions were analysed in much the same way as the
interview transcriptions. The data were coded according to the themes or
categories. A list of themes emerged after the coding process. This process was
conducted such that analytical categorization of data was achieved. In each of the
interviews, the number of occurrences of each of the themes was identified.
Moreover, the total number of occurrences across the interviews with different
participants was summarized. Finally, the similarities and differences across the
cases were examined in order to identify the patterns, and draw conclusions on the

study.

The method of analysis in the present study resembled that of a summary by

Neuman (1997) who related Spradley’s domain analysis as involving six steps:

(1) rereading data notes full of details

(2) mentally repackaging details into organizing ideas

(3) constructing new ideas from notes on the subjective meanings or
from the researcher’s organizing ideas,

(4) looking for relationships among ideas and putting them into sets

on the basis of logical similarity,
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(5) organizing them into larger groups by comparing and contrasting
the sets of ideas,
(6) reorganizing and linking the groups together with broader
integrating themes. (Neuman, 1997, p.432)
This is a process that starts from specifics in the data and builds up finally into an

overall set of logical relationships.

There were three phases in the study and, as in other qualitative studies (Miles and
Huberman, 1994), the data collected in each of the phases were analysed with an
aim to guide the next move in the field. Miles and Huberman (1994) suggested
that the purpose of the analysis of the qualitative data is to compare across data
and in deciding or choosing what to report, analytical choices are made
continually. They further elaborated that while meanings about people’s actions
were generated through observations and interviews, this information would guide
the researcher’s subsequent move. This is comparable with the process of
analysis in the present study. When the observations and interviews in the first
two phases reflected the learning experiences of the student-teachers and their
needs as beginning teachers, the intervention in the third stage was designed based
on these results and the analysis. In the present study, the data in earlier phases
informed the intervention in subsequent ones, and generalizations were made
from the interviews, classroom observations or data from the journals. For
example, the data obtained at the early beginning teaching phase was applied to
inform the design of the resource packs. The last stage of the analysis involved an
examination of the findings or generalizations from a sociocultural view of

learning.

In analysing the lessons observation records which included field notes and
transcriptions of the lessons, the researcher drew up a list of teaching actions that
were congruent with the constructivist view of learning. The list is drawn based
on a teacher development project that helped teachers to teach science from a
constructivist view of learning (Bell, 1993). The actions were chosen on the basis
that they characterized science teaching from a constructivist view of learning and
that they differed significantly from "typical" science lessons in Hong Kong as

follows:
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i. Presenting questions for pupils
ii. Inviting pupils to ask questions
iii. Asking pupils to predict results of practical activities
iv. TIllustrating by using a range of examples
v. Illustrating by using practical activities
vi. Relating new ideas with previous concepts
vii. Using newly learnt ideas in new situations
viii. Pupil initiated activity

ix. Clarifying pupils’ ideas by using other examples

These were also actions that were observable during the lesson observations. The
non-observable actions for a lesson, such as lesson preparation, were not included
in the checklist. The interviews and the journals provided data to supplement this
area. The planning and other teacher actions, such as eliciting pupils'
preconceptions that might not be observable in a lesson, were described and
analysed separately in the interviews and the journals. The number of
occurrences in each of the lessons observed was counted and the total number of

occurrences in all the lessons observed was also summarized.

The transcriptions, the field notes from the lesson observations, and the journals
were analysed and compared against the checklist. Each of the cases was
analysed, and actions that agreed with those in the checklist were counted and
summarized. = The counts were made if a particular action was found in the
observation, and then it was taken as an occurrence or match. Thus, the count
represented the frequency of the actions during the lesson observed, and the

quality of the actions was illustrated with quotations from the accounts.

The quantitative data in the questionnaires were analysed by the SPSS software
package. The mean values for each of the items were obtained. The findings
from the value before the commencement of the module and after the teaching
practice period were compared by using both a t-test and a sign test. In each of
the measurements, the mean value and sum of the items that contributed to
Personal Science Teaching Efficacy Beliefs, as well as the mean and sum of the

items that contributed to Outcome Expectancy Beliefs, were calculated. These
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values served to indicate the confidence of the novice teachers in teaching science

and in effecting positive learning outcomes among the pupils.

3.4.2 The coding of the transcriptions, lesson observations, field notes and
journals

The 13 student teachers who participated in the first phase of the study and were
interviewed before the study of the module were each represented by a letter from
A to M. The coding of the data consisted of the letter that represented the
participant, the second alphabet letter (e.g.i) represented that the data was
obtained from interviews and was then followed by a number that represented the
interview. The number “1” represented an interview before the Curriculum
Studies module, “2” represented an interview after the Curriculum Studies
module, “3” represented an interview during the teaching practice. For example,
“Ail” refers to participant A in the first interview. Among the thirteen student-
teachers who were involved in the first round of interviews, eleven had a chance
to teach a science topic in their teaching practice. Besides interview data which
were coded in the same way as in the previous round, the lesson observation data

were also coded.

A similar principle was adopted in coding the data from the lesson observation,
i.e. the first alphabet (e.g. D) represented the teacher, the second alphabet “0”
represented lesson observation, (or it could also be “n”, meaning field notes made
during the lesson observation), the last digit (e.g. 6) was the grade level of the
pupils. “Do 6” was therefore a piece of transcription of the lesson observation
and “Don6” was a piece of data from the field notes of the lesson observation of

teacher D, who was teaching a class of primary 6 pupils.

The discussions of the student-teachers during the Curriculum Studies module
were summarized and coded as “discussion notes”. These were conclusions that
the student-teachers wrote during the group discussions in the module sessions.

These were originally written in Chinese and were translated.
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The eleven student-teachers who participated in the teaching practice phase of the
study had all graduated from the programme, and among them three did not
succeed in finding a teaching job while three others taught in special needs
schools. The remaining five subjects who participated in the final phase of the
study were teachers B, I, L ,E and D. The representations of the teachers were the
same as those used in the previous phases of the study. Teachers B and I were

teaching in the same primary school but they were teaching different levels for the

subject of General Studies.

For the coding of the interview data at the beginning teaching phase, the first
letter represented the teacher, the second letter “b” represented beginning

[13%2]
1

teaching, the third letter “i” meant interview, and the last digit “1” meant that it
was the first interview in the beginning teaching phase. The number “2” means
that the interview was made during the implementation of the resource pack and
number “3” means that the interview was near or at the end of the implementation
of the resource pack. Thus, “Lbil” refers to the first interview with the beginning

teacher L.

The lesson observation data collected during the beginning teaching phase were
coded in a similar way. The first letter (e.g. B) represented the teacher, the second
letter “b” represented the beginning teaching phase, the third letter “o0”
represented observation transcription, and the last digit (e.g. 2) meant the
sequence of observation. “Bbo2” was a transcription from the second lesson
observed at the beginning teaching phase for teacher B. In situations where there
was an additional letter “n”, which represented the researcher’s notes. “Bbon3”
therefore came from the researcher’s notes as the 3™ lesson - observed for

teacher B.

For the coding of the data from the journals written by the beginning teachers at
the beginning teaching phase, the first letter represented the teacher, the second
letter “j” represented journal and the last number “1” meant that it was written
before the use of the resource pack, whereas the number “2” meant that it was

written after the use of the resource pack. Hence, “Ij2” was taken from the
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journal of teacher I written after the use of the resource pack at the beginning

teaching phase.

3.5 Interventions that support teacher development

There were three main phases in the study and the interventions were designed in
accordance to the needs of the student-teachers or the beginning teachers at each
specific stage. The strategies aimed to facilitate the development of the student-
teachers and the beginning teachers. Moreover, the design of the strategies was
made in accordance with the recommendation of the literature about how teacher
educators should teach, as summarized in Chapter 2 (Section 2.4.2). During the
first phase, the student-teachers began to learn about teaching science, and a
Curriculum Studies module was designed to facilitate their early development.
During the teaching practice, there were support group meetings, visits and
observations. Having identified the needs of the novices at the beginning teaching
phase, two resource packs were designed. The following sub-sections describe in
greater detail the Curriculum Studies module and introduce the support provided
during the teaching practice, whereas the design of the resource packs will be
elaborated in greater detail in Chapter 7, together with an analysis of the needs of

the beginning teachers.

3.5.1 The Curriculum Studies module

The Curriculum Studies module was designed such that (i) student-teachers were
more aware of pupils’ preconceptions in science, (ii) student-teachers were aware
of the various approaches to science teaching, and (iii) professional development
of the student-teachers was encouraged through enhancing their capability in
teaching science from a constructivist view of learning. Table 3g depicts the
outline of the module. A total of 39 student-teachers took the module and each
of the sessions lasted for 2 hours. The module was delivered in cooperation with
another lecturer who was teaching a parallel group. There were agreements on the
content of the module between the two groups but the sequence of the topics

varied. The assessments of the two groups were also the same.
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Table 3g The Teaching Schedule for the Curriculum Studies module for the Non-
science electives

Session | Content

1 1. Ways to find out children’s preconceptions in science
2. Stimulating awareness of the influence of previous (science)
education experience on teaching

2 Different approaches to science teaching

3 Different approaches to science teaching
Ways to develop children’s ideas and carry out follow-up
investigations

4 Different approaches to science teaching

5 Planning and teaching science — example topic “air”

6 1. The Nature of Science

2. Aims and content of science education
3. Science, Technology and Society

7 1. Science curricula in different parts of the world
2. Science-related topics in the Hong Kong Primary
curriculum
3. Teaching schemes or teaching plans

8 Microteaching

9 Microteaching

10 Microteaching

11 Microteaching

12 Test

3.5.1.1 The rationale behind the Curriculum Studies module for the non-

science elective

As the module was offered in the second year of the 2-year programme, the
student-teachers had already had some experience in teaching practice, and had
studied in other modules about constructing concept maps, and teaching activities
like brainstorming, group work and reflection. A 45-hour module was also offered
in the first year to strengthen the science content knowledge of the student-
teachers. The present Curriculum Studies module (Appendix D) was offered in
the second year as an option for the student-teachers who felt the need to further

their understanding of science teaching after their first teaching practice.

Instead of separating academic studies from curriculum studies, academic
knowledge was presented in the light of how it related to teaching. In the

module, the student-teachers learnt to relate their teaching with pupils’
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preconceptions of certain topics. Examples of selection and representation of
content material were discussed. While a number of science teaching approaches
were introduced, the module advocated science teaching based on a constructivist

view of learning.

There were two parallel teaching strands in the module. As the student-teachers
were learning to teach young children from a constructivist view of learning, they
were asked to consider learning for themselves as a learner. In the former strand,
there was an introduction to children’s ideas of science, an examplary teaching
unit on the topic of “air”, suggestions for possible activities that elicit pupils'
ideas or help them to change their conceptions, and activities that allow pupils to
use new ideas. In the latter strand, the student-teachers shared their previous
learning experiences, and experienced the various teaching approaches, namely,
the discovery approach, the process approach, the experiential approach, and
teaching science based on a constructivist view of learning. In this process, the
student-teachers had to consider their role as learners and the role of the teacher
as they adopted the different approaches. After having an experience of the
different teaching approaches, an analysis of the topic of air was introduced as an
example such that the student-teachers could better understand the considerations
in science teaching based on a constructivist view of learning. Finally, the aims of
the curriculum and the nature of science were introduced, and the last part of the
module included opportunities for the student-teachers to take part in micro-

teaching.

3.5.1.2 The Content of the Sessions in the Module

This section includes a more detailed description of the sessions in the module.

Session 1
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This session introduced to the student-teachers a number of activities for finding
out children’s preconceptions in science (Bell, 1993a):

e Interview-about-instances

e Surveys

e Viewfinder

e Card sorting

Selected activites were then conducted in order to increase student-teachers’
awareness of the influence of their previous educational experiences on their
science teaching. These activities were suggested by Schratz (1993). The first
activity conducted with this aim was the "magnifying glass". This involved asking
the student-teachers to write down their own feelings, problems or expectations in
their science teaching on a piece of paper. After each individual had finished, the
group shared and discussed their experiences. The second activity was to ask the
student-teachers to draw a concept map of what they thought science teaching
was. Finally, the student-teachers were also engaged in an activity in which they
wrote down their feelings, and shared how science learning was for them in their

secondary or primary schools.

Sessions 2 to 7

In these sessions, a number of approaches to science teaching were introduced. A
representation of seeing the approaches from a positivist to a constructivist end, as
suggested by Barker (1991), was used as an overview of the various teaching
approaches. As most of the student-teachers were familiar with a transmissive
teaching approach, the experience in the module covered the four other
approaches: guided discovery approach, process approach, experiential approach
and teaching science based on a constructivist view of learning, in order from a
positivist to a constructivist view of science learning. In the introduction to each
of the approaches, the student-teachers participated in the activities as a learner.
Then, they discussed their experiences as a learner and the role of the teacher in

the process. Moreover, they compared the experiences in the four approaches,
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and discussed the implications of the implementation of the various teaching

approaches.

In order to provide the student-teachers with a concrete example of what science
teaching from a constructivist view of learning meant, a teaching schedule
outlining the details of the topic sequence and the activities on the topic of air
were discussed in the sessions (Appendix D). The example included possible
preconceptions that children may have as shown in the literature, the sequence of
the topics, ways to help change pupils’ ideas, and the suggested activities. With
this worked example, the student-teachers could better visualise what science

teaching based on a constructivist view of learning is like.

The sessions also included an introduction to a number of ways that the teacher
may help children to develop their ideas; for example through acknowledging
ideas, questioning and differentiating ideas. Furthermore, the discussion moved
on to ways to represent the concepts learnt by using:

e Venn diagrams

e representation of concepts in diagrams (Baird and Northfield, 1987)

e concept maps (comparing pre- and post-teaching concept maps).

The researcher also analysed with the student-teachers ways to promote and use
pupils' questions.  Strategies that help pupils to reflect upon their learning and
teaching were adopted in the module, such as:

e post-box activity (Bell, 1993a)

» learning checklist (Baird and Northfield, 1987)

Apart from these, ways to conduct follow-up investigations and experiments were

included in the discussions.
Sessions 8 to 11
Each student-teacher prepared a science lesson and chose 15 minutes out of it to

share with other student-teachers in the class. Before teaching the lesson to other

student-teachers, the student-teacher prepared the lesson plan, the activities and
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the materials e.g. teaching aids, worksheets for the whole science lesson.  After
each of the try-out teaching sessions, the researcher conducted a discussion with
them to help them to reflect on their own teaching. In addition, the researcher and
other student-teachers in the group shared their feedback about the trial teaching.
However, since the micro-teaching was part of the assessment, data was not

collected in these sessions.

3.5.2 Support in the teaching practice and in beginning teaching

During the teaching practice and in the beginning teaching phase, the researcher
had a number of discussions with the student-teachers who participated in the
study. In the teaching practice, the discussions were mostly on a one-to-one basis,
in which the student-teachers called on the researcher at the office, or spoke over
the telephone. The discussions were about problems or implementations of
different science teaching strategies in their science classes. Moreover, two
workshops that prepared the student-teachers for teaching practice were held just
before the commencement of the teaching practice. In the workshops, the
student-teachers who were going to teach the same topic grouped together and

shared with each other their teaching plans, teaching ideas and resources.

During the beginning teaching phase, and after having identified the needs of the
beginning teachers, the researcher provided each of the participants in the study
with a resource pack, and a workshop was held to introduce to the beginning
teachers the ideas and contents of the packs. The first form of support was
provided through the design of the resource packs on the topics of “Heat” for
primary two level (Appendix E; Cheng, 1999) and “The Body” on primary four
level. While the main purpose of the resource packs were to help the beginning
teachers to teach science based on a constructivist view of learning, the design
was made after having interviewed the beginning teachers. Hence, their concerns
about the lack of time for lesson preparation and the need for teaching resources
were taken into consideration as the materials were chosen. The following are the

purposes of the resource packs:
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¢ to allow the beginning teachers to re-think the topic sequence that facilitates
pupils’ conceptual development;

e to provide information about children’s preconceptions;

¢ to include activities that find out pupils’ preconceptions;

* to have activities that stimulate pupils to think and discuss the topic;

e to let pupils apply newly learnt ideas in new contexts.

The resource packs included worksheets for pupils, notes for teachers,

transparencies and all the necessary stationary and materials for conducting the

practical activities, for example, large pieces of paper, felt pens, plastic bottles

fitted with drinking straw, plastic filtering funnels and filter paper.

The second form of support was provided through the introductory workshop,

which was an opportunity for the beginning teachers to:

e share with the teacher educator and with each other about their school and
classroom experiences;

e try out the activities suggested in the resource packs;

e discuss the results of the activities;

e discuss how the activities may be implemented in their classroom situation;

o discuss how the activities relate to the constructivist view of learning;

e raise questions about the resource packs;

e share with each other their teaching experience in the school.

These provided an opportunity for the beginning teachers to share their classroom

situations, their problems, and concerns and to reflect on their own teaching. The

feedback provided by the researcher and other participants in the workshop also

provided personal support. As the beginning teachers had seen each other

attempting to work with the activities, this provided a form of social support.

They knew that they would not be alone in the endeavor and could reconstruct

among themselves what it meant to be a science teacher. They knew that these

were common shared values and felt that the task was meaningful.

In addition, support to the beginning teachers was provided through telephone
conversations. These one-to-one conversations with the researcher supported
their development as the researcher:

e provided encouragement to the beginning teachers;
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e provided advice about the use of the materials and the conduction of the
activities suggested in the resource packs;

e provided feedback based on their descriptions of the teaching;

e stimulated the beginning teachers to reflect on their teaching and identify
other possible alternatives in their classroom context;

e clarified the meaning and the purpose of the activities;

e elaborated on the background of the activities and the design of the resource

packs.

Based on a sociocultural view of learning, the resource packs and the
opportunities for interactions carried special meanings. The resource packs may
be regarded as the mediational means that facilitate the socialization of the
beginning teachers into the culture of science teaching based on a constructivist
view of learning. The workshops and the telephone conversations were support
offered in the form of interpersonal interactions, which may be regarded as
mediated actions. A fuller description of the resource packs is provided in
Chapter 7 (Section 7.5).

3.6 Ethical considerations

A number of ethical considerations were made in the present study including:
e informed consent;

e privacy;

e anonymity;

e confidentiality.

Before the commencement of the research, the study had received the approval of
the University ethics committee. Moreover, it was necessary to obtain the consent
and cooperation of participants in the study prior to the beginning of the study
(Cohen and Manion, 1994). Consent was sought from the participants at various
stages of the study. Before the commencement of the study, the purpose of the
questionnaire and the use of the data were explained to the participants. The front

page of the questionnaire contained a consent form explaining to the respondents
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the purpose of the study and the confidentiality of the data obtained. Before the
first interview, the researcher explained the process of the study, including the
number and the approximate timing of the interviews and the classroom
observation sessions, to the respondent. In arranging the interviews and
classroom observations, the researcher first made telephone contact with the
respondents. The date and time of the interviews and the classroom observations
were agreed between the respondent and the researcher. Prior to the classroom
observations in schools, the consent of the school principals was also obtained.
Access to the teachers and the pupils was negogiated with the school principals in
the third phase of the study. By informing the participants of the purpose of, and
their involvement in the data collection stages, their consent represented an
informed decision. The researcher was aware that the participants had the right to
decline at any time. The participants could indicate whether they were willing to
participate in the study at various points: initially during the administration of the

questionnaire, prior to the interviews, and prior to the lesson observations.

In order to ensure anonymity and privacy, the student-teachers entered their
student numbers and not their names on the questionnaires, and in the qualitative
part of the study, each of the student-teachers or beginning teachers was
represented by a code. The respondents were assured that the data would be used
only for the purpose of this study and would be quoted anonymously. Although
the researcher, as a staff member of the Institute, could match the student number
and the names, there was no attempt to relate them in the analysis. In writing up
the thesis, the privacy of the participants in the study was protected by their
remaining anonymous throughout the process of data collection, analysis and
reporting of the study. Neither the names of the schools nor the individual
participants were mentioned in the thesis or were made known to the reader. If
the data is to be used in future for a different purpose, prior consent from the

respondents would be sought.

A number of measures were taken to make the identity of the participants and the
data confidential in the study. Both the quantitative and the qualitative data were
locked away and were kept confidential. They were not released to other lecturers

involved in the programme. The interview tapes were translated and transcribed



Methodology 109

by the researcher. Data collected in the form of field notes, recordings from
module sessions, recordings from discussion sessions and lesson observations

were also handled by the researcher.

As suggested by Cohen and Manion (1994), social studies research should not
cause pain or indignity to the participants, self-esteem should not be undermined,
nor confidences betrayed. The researcher was aware of the principle and also
realised that the lesson observations may cause feelings of stress for the student-
teachers and the beginning teachers. The participants were assured that the
observation would not have any bearing on their assessment. Throughout the

project, the researcher monitored the possible stress inflicted on the participants.

3.7 Summary

In order to understand teacher development, the present study included three
phases, namely, the first phase within the curriculum studies module, the second
during the teaching practice period, and the third during the beginning teaching
phase. The study adopted an interpretive approach. This approach was found to
match closely with the purpose and the nature of this study which adopted a
sociocultural view of learning to analyse teacher development. Although
qualitative methods of data collection identified with the interpretive approach, a
mix of both qualitative and quantitative methods was adopted such that the two

types of data could support each other.

In order to identify the development of the student-teachers and the beginning
teachers at the various phases, data collection strategies such as interviews,
journals, classroom observations and questionnaires were employed. These
provided data to portray the professional, personal and social development of the
student-teachers or the beginning teachers. The intervention strategies included
support in the form of the Curriculum Studies module in the first phase,
workshops in the teaching practice period and resource packs with other forms of
support at the beginning teaching phase. The inventions were drawn to enhance

the development of the novices such that they may teach science based on a
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constructivist view of learning. Finally, the chapter concludes with how the
researcher has ensured that the study was conducted with ethical considerations

including principles of informed consent, privacy, confidentiality and anonymity.
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Chapter 4
Student teachers’ prior views about

science teaching and learning

4.1 Introduction

The findings reported in this chapter provide a basis for comparing the changes in
the teaching and development of the student-teachers in the process of learning to
teach. This chapter documents the views about science teaching and learning held
by the student teachers before they took the Curriculum Studies Module. The
findings were collected from the interviews of the 13 student-teachers (interview

schedule in Appendix Al).

The findings are reported under four main categories, three of which are to be
compared at the later stages of the study. The three main themes that are
comparable in later stages are namely, the student-teachers’ views about the
importance of science learning, their views about science teaching, and their
feelings about teaching science. The fourth theme describes the previous science
learning experiences of the student-teachers which serves as a basis for

understanding the learning processes of the student-teachers.

4.2 Views of science learning - the importance of learning science
content in the primary curriculum

The student-teachers were asked to describe what they think is important for
pupils to learn in science, and to compare the relative importance of the place of
the science curriculum with other subjects at primary level. The importance of
learning the content knowledge was shared by most of them, as eight of the
thirteen student-teachers mentioned this as an important aspect (Table 4a). The
student-teachers regarded the study of science at the primary level as a foundation

for future study and that the learning of academic knowledge in the subject
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became the main concern, for example:

The basic concepts, they (the pupils) will then learn a lot of other
things later... Without a good foundation, they are not sure
whether they have learnt the concepts before or not... It is a
foundation for future learning. (Bil) (see Chapter 3 section 3.4.2
for a description of the coding)

Table 4a Student-teachers’ views expressed in the interviews on the importance

of learning science content in the primary curriculum
(N=13)

Importance of Learning Science Content in the Primary Curriculum

Occurrences'

(What do you think is or are the most important things that pupils should in the
learn interview
in their science lessons? What are your primary concerns about the data
teaching of science? )

To learn science knowledge/ basic concepts for lower primary/ build up a 8
foundation for future learning

To learn something that is related to daily life experience 5
To learn how to do experiments 1
To develop an ability to hypothesize; an attitude of finding out; an ability to 5
think

To develop self learning 1
To develop an interest in science 1

The relative importance of science as compared with other subjects

(Is science more, or less, or equally important for primary children as other subjects like

English, mathematics, etc.?)

The most important subject

One other subject was more important

Two other subjects were more important

Three other subjects were more important

All the subjects were of equal importance

N |—= || ]—

The need for including content relevant to the experience of the pupils was raised.

Five of the student-teachers suggested that the content at the primary level should

be related to the daily life experiences of the pupils, for example:

Pupils would like to learn more about their daily lives, relevant to
their experience. Content about the earth and the moon are too
difficult for the children and they may not want to learn these.

! The number of occurrences in all the tables of summary of interview results represents the total number of
times that a certain theme was mentioned in all the interviews. However, this number arises from a detailed

analysis of individual interviews. See also Chapter 3, section 3.4.1.
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(Hil)

The content was only part of what had to be learnt, another concern raised (by five
of the thirteen student-teachers) was that pupils should develop the ability to

think, hypothesize and find out by themselves, for example:

They should be able to think by themselves and not necessarily
following the way of the teacher. Children have a special way of
thinking (which is) quite different from adults. It is important that
they can use their own way of thinking. (Fil)

This quotation illustrates that these five student-teachers were able to realize that
pupils have different ways of thinking, which is different from the emphasis on
the content knowledge. Comparatively, only one student-teacher realised the
importance of the ability for self-learning and developing in pupils an interest in

the subject:

They (the pupils) should learn how to learn by themselves, not only
being told by the teacher. They should have the drive to find out...
They should be able to find out more by themselves. (Gil)

On comparing the importance of science learning with other subjects at the
primary level, science did not seem to be a very important area, the position for
science learning was quite low for the six respondents who put it in the third or
fourth place. Despite this, two respondents have suggested that all the subjects
should be equally important, while five respondents regarded science content as
being more important and put it in the first or second place among the subjects
(Table 4a). The student-teachers who felt science to be of relatively low
importance were like most of the parents and teachers in Hong Kong who
regarded the languages (Chinese and English) and mathematics as the more, if not
the most, important subjects. This is because the assessment results of these
subjects contribute to the secondary places allocation at primary five. However,

the assessment result for science or General Studies is not counted.

To summarize the views of science learning of the student-teachers, these

responses suggested that they shared much concern about learning the content
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knowledge of science, although a small proportion (5)* of them realized the
importance of developing the pupils’ ability to think, or self learning, as they teach
science. They did not place much importance on science learning as compared

with other subjects.

4.3 Views of science teaching

This section describes the student-teachers’ view of science teaching before they
studied the Curriculum Studies module. In order to find out about their views of

science teaching, the following questions were raised in the interview:

e What do you think science is? How would this view of science
influence your teaching? What is the role of the teacher in
teaching science?

e With reference to science teaching, what are the steps in your
lesson preparation?

4.3.1 Concerns and strategies during lesson preparation

Consistent with the importance that the student teachers gave to the learning of
science content knowledge in the previous section, they showed great concern
with the preparation of content for teaching. Concerns about content were

mentioned 16 times in the interviews (Table 4b), for example:

I have to clarify my own concept of the topic. There are times that
I was quite confused. (Iil)

This concern was expressed in different ways: reading up, preparing for pupils’
questions, clarifying their own concepts. These student-teachers shared an anxiety

about the science content to be taught.

2 The number in brackets represents the number of student-teacher(s) mentioning this in the interviews.
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Table 4b Concerns and strategies in preparing for science lessons
(N=13)

Area Lesson preparation Occurrences
in the

interview data
Content Read up the content (from other sources) 7

Read teachers’ guide (included in the textbook)

Digest content and teach (based on the textbook)

Understand the topic (based on the textbook)

Clarify own concepts (based on the textbook)
Find out main concepts

Prepare for pupils’ questions

Relate content to daily life experience

Pupils Find out pupils’ preconceptions

Find ways to impress pupils

Teaching Design activities

activities Design practical activities

Find materials/ teaching aids

Try out practical activities

Design worksheets/ questions

Discussions and [Consult supervising teachers / lecturers

bt |t | e | ot | S N Q| it | o [ | et [ DD et | et | = | N

consultation Discuss with peers

The second area in which the student-teachers shared much concern was in
conducting practical activities, as five mentioned this in the interviews. In
preparing for science lessons, besides preparing for the content, they designed
activities, practical activities, worksheets, and found the appropriate resources.
Only two of the respondents mentioned that they would consult with their peers or
the supervising teachers in their preparation. It is also interesting to note that one
of the respondents mentioned that he would find out pupils’ preconceptions in his

lesson preparation.

I will start with questions; these are direct methods for finding out
how much pupils know. Then, I will use practical activities if
applicable, if not, I may ask them to observe the things around
them. I will also ask the pupils to find out the relation or the
differences. (Cil)

This student-teacher was concerned about what pupils knew before the lesson,
instead of whether they had the “right” answer or not. Lesson preparation was

perceived to be a lonely activity as only two of them mentioned discussion with
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others during this exercise. The predominant concerns in preparing for science
lessons were the science content and conducting practical activities. There was

little awareness of pupils’ preconceptions.

4.3.2 Views about using various teaching strategies and activities in
teaching science

The student-teachers were asked the following questions in the interview:

When you teach science, what are the most common strategies that
you would employ?  What are the reasons or principles for
choosing these strategies?

When the respondents were asked this question, most of them (10 out of 13)
equated the teaching of science with doing practical activities or performing

demonstrations (2) (Table 4c), for example:

I will perform some demonstrations for the pupils, then explain the
concepts to them through the results. (Eil)

Few (4) considered discussion or other activities (e.g. games) in science lessons.

One of the student-teachers described how he would include games in lessons:

Provide some worksheets, perform some demonstrations, and let
them (the pupils) listen to some audio tapes. They would then
answer some questions or complete a worksheet. Sometimes, I
would design some matching games for the pupils. (Fil)
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Table 4c Teaching activities/ approach adopted by student-teachers in science
lessons

N=13

( : Teaching activities/ approach to be adopted Occurrences
(When you teach science, what are the most common strategies ;:ttel;eview
that you would employ?) data
Practical activities 10
Demonstration 2
Discussion 4
Games/ other activities 2
Using analogies 1
Teach in a similar way as Chinese/ mathematics 1
Discovery Approach 1

The reasons for selecting the teaching activities or approaches
(What are the reasons or principles for choosing these strategies?)

To let pupils experience the process

To relate to current issues

To engage pupils in thinking

To let pupils know what was happening

To matching activities with teaching objectives

—_— ] ] DN | —

Not to teach too much in-depth knowledge

There is confusion about which approach to adopt in science lessons, as student-
teacher A named the discovery approach but had also suggested that the teaching

of science was similar to that of teaching Chinese and mathematics:

I also think that pupils can have a deeper impression3 of the topic
by using the discovery approach. However, I do not have much
confidence in this. I doubt if pupils could be very attentive or
concentrate on doing a certain task. In my teaching practice I know
that this may not be the case. I would then perform some
demonstrations and give them the facts for science. Then they can
absorb the content. I would then consolidate their learning. It
would be quite similar to teaching Chinese and mathematics. (Ail)

In this response, the student-teacher appeared to have a confused understanding of

the discovery approach and how it relates to pupils’ learning. Due to practical

3 The literal translation for the word is impression, however, it means having a strong impact on the pupils.



Student-teachers’ prior views about science teaching and learning 118

constraints in the teaching practice, he chose to have a transmission approach by
“giving” pupils the facts and knowledge. The teaching of science topics was not
different from teaching other subjects. The findings suggest that science teaching
was mostly equated to conducting practical activities. The rationale for choosing
the activities or the teaching approaches was mainly based on teaching concerns
like matching the activities with the teaching objectives, making pupils know
what is happening, letting the pupils experience the process, and relating the

content with current issues. For example:

When doing practical activities, be aware if there are current news
items or issues that are related to the topic. As pupils are aware of
these, they will know that these really happen in life and are not
just introduced by me in the lesson. (Dil)

Unlike the above responses which show that the student-teachers did not have
clear ideas about teaching science, two of the respondents mentioned that the

approach or activities were chosen to engage pupils in thinking. For example:

I would stimulate them (the pupils) to think through the use of
questions. In answering my questions, they can find out the fact.
Either the pupils work on practical activities or I would
demonstrate. They then find out the conclusion. They learn
through the process and the conclusion. (Mil)

Although the student-teachers described the teaching activities and approaches to
be adopted in their science lessons, not all of them were able to provide a reason
for selecting such approaches. This is the reason why the occurrences in the
second part of Table 4c are lower than the number of total respondents. It appears
that the student-teachers did not have a clear concept about science teaching.
Science did not appear to be an important learning area. The concerns of the
student-teachers were mostly related to the science content and the practical

activities.
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4.4 The previous learning experiences

The prior science learning experiences of the student-teachers may influence their
subsequent learning in the teacher education programme and their teaching in the
classroom. The student-teachers were asked to start their description with the
most recent experience of learning science in the teacher education programme
(section 4.4.1) and then about learning science in their primary and secondary

education (section 4.4.2).

4.4.1 Learning experiences in the teacher education programme

To obtain the student-teachers’ perceptions of the programme, the following

questions were asked in the interview:

Does the present 2PC (2-year Primary Certificate) course have any
influence on your science teaching? What are the influences?

Regarding the student-teachers’ experiences in their teacher education
programme, some of them (9 of 13 student-teachers) (Table 4d) recalled a positive
experience in studying the General Studies curriculum studies or Science
Academic Studies modules in their previous year of study. The programme offers
a General Studies Curriculum Studies module that covers the methodology and
approaches to teaching the subject as a whole, and science teaching contributes to
about 3 hours out of the 30-hour module. The Science Academic Studies module
aims to strengthen the student-teachers’ knowledge in science with an
understanding that most of them have an arts background in secondary school.
The Academic Studies module was described as helping them to strengthen their

scientific knowledge, as illustrated by the following example:

What is taught is important and is related to teaching at primary
level. 1 can have a better understanding of the subject. The
methods modules are also very important. With more background
in the subject, I can better answer pupils’ questions and be able to
explain in a different way if pupils don’t understand. I can have a
better understanding of topics about space; usually pupils have
many questions about these topics. It would be embarrassing if I
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cannot answer their questions. It is advantageous for us to know
more about the topic. (Kil)

Table 4d Student-teachers’ learning experiences in the teacher education

programme
(N=13)

Occurrences in

Learning Experiences in the Teacher Education Programme . )
the interview data

Does the present 2PC (2-year Primary Certificate) course have
any influence on your science teaching? What are the
influences?

Positive views about the Academic Studies module

Negative views about the Academic Studies module

Positive views about the Curriculum Studies module

Negative views about the Curriculum Studies module
Influenced by Teaching Practice

Became more capable in answering pupils’ questions

—_— N[ N[ W]

Although the Academic Studies module may be perceived as strengthening their
understanding in science, others (3) described the module as not helpful, and one
found that the Curriculum Studies module in year one lacked a clear direction in

the teaching approach.

The Academic Studies module is too difficult for the level of
primary science teaching. I also understand that this can help us to
think about how to make the presentation of the content more
suitable to the pupils. However, I was not too attentive in the
lectures. This module could not really help me. (Ail)

From this quotation it can be seen that the student-teacher was not motivated to
learn in the Academic Studies module. Apart from finding the module too
difficult, the students (2) found that the content could not be applied to their

teaching practice:

The content (academic knowledge) that we learn is very in-depth
and we may not know how to present them in a simpler way to the
pupils (in the teaching practice)... The course should teach simpler
things that are directly applicable in our teaching. (During the
teaching practice,) the application of science content in the
programme is not as great as in other subjects like Chinese and
mathematics. (Iil)




Student-teachers’ prior views about science teaching and learning 121

Although not all of the student-teachers recalled particularly strong positive or
negative feelings about their previous learning in year one of the teacher education
programme, those who related positive or negative experiences may be influenced
in their future learning in the Curriculum Studies module or in their science

teaching.

4.4.2 Learning experiences in the primary and secondary schools

In the first session of the Curriculum Studies module, the student-teachers in the
whole group of thirty-nine were asked to describe, by writing on a blank piece of
paper their past learning experiences in science. The student-teachers had mixed
feelings about the learning of science in their past educational experience. A total
of fifteen student-teachers shared an interest in learning the subject. =~ Among
them, eleven found that it was exciting to conduct practical activities. However,
the majority (33) of the student-teachers had described science as a difficult
subject to learn or to understand. Twenty-nine of the student-teachers related
negative feelings in learning the subject which included finding the subject boring,
being uninterested and fearing learning it. Only a minority (11) in the class shared
positive feelings of finding science exciting and fun to learn. This provides a brief

picture of the perceptions of the student-teachers.

To obtain a picture of the influence of their past educational experiences on their
teaching, the following questions were asked in the interviews with the thirteen

student-teachers:

Can you describe your past experience in learning science? (Did
the teachers who taught you before have any influence on your
teaching? What are the influences? OR Did your experiences as a
student have any influence on your teaching? What are the
influences?)
A similar situation was found (Table 4e). Regarding their previous learning
experiences of science as a subject in their primary or secondary school, ten of

them described negative experiences. For example:

It was easier before Form 3 and later it became very abstract.
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There are Physics, Chemistry and Biology in Form 3. There are
equations, which are very abstract and are difficult to understand.
Biology is more concrete; the other two subjects are very abstract.
My achievement was not good and I am not happy about
it...Sometimes I didn’t know what the teacher was doing in class.
(Dil)

It seemed to be very difficult and there were a lot of terms to
remember in English. The teaching pace was very fast. It did not
seem applicable. The teacher taught in a boring way, we only
studied to get through the examination and forgot what we had
learnt afterwards. I found it very difficult, spelling, dictation and if
we could not answer a question, we had to stand for the whole
lesson. It seemed that we did not have enough apparatus around.
Six or seven of us shared one set, it was usually dominated by the
boys and we (the girls) had a chance to touch them only after the

practical and in cleaning up. (Hil)

Science was found to be abstract and hard to understand. There were problems

with the teaching approaches adopted by the teachers and the students experienced

low achievement.

Table 4e Student-teachers’ past experiences of learning science in primary and

secondary school
(N=13)

Past Learning Experiences

Can you describe your past experiences in learning science? (Have the

teachers who have taught you before had any influence on your
teaching? What are the influences? OR Did your experience as a

student have any influence on your teaching? What are the influences?)

Occurrences
in the

interview data

Positive

w

Negative

—
(=)

Low achievement

Difficult

English terms made the learning of science difficult

Could not understand the content

Depended on the teaching strategy of the teacher

Afraid to fail

Studied to get through examination

A lot to remember

Boring

Competition was keen to enter into the science stream at the senior
secondary level

NPT %] V] (SN 10} SN NS NS T

There was a quota in science stream and failed to study science

Science concepts are abstract

Choice of study was influenced by brother

Girls only do the washing in the practicals

Interested to read about science

[y U FEN IS [
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Four out of the thirteen student-teachers had difficulty in studying the subject
through the medium of English and two of them described the subject as having a
lot of things to remember. They also had problems with the teaching strategies of
their teachers. Their main concern as students was to study or to remember
enough to get through the examination. The feelings associated with the learning
process in the science lessons were represented by words like boring and fear.
They described the subject as difficult and abstract. Two respondents related the
social influences on their study, one being an influenced by his brother and the
other suggesting that girls were disadvantaged in studying the subject. Two other
respondents had hoped to study science in their upper secondary schooling but
were unable to do so due to the limited quota for the science classes in their

schools.

Despite the majority perceiving science learning as a negative experience,

three respondents described a positive experience. For example:

It was fun. I found science experiments interesting. There was a
problem with my secondary school as people said that all the
science classes failed in their public examinations. I thus chose the
arts stream. Science to me was fun. The teacher let us perform the
practicals, I would then think about the problems... I might not
have learnt too much science but the feeling was good and it was
not as boring as subjects like Chinese History. The science
teachers were quite good. (Ail)

These student-teachers developed an interest in science, which is an
important attribute for a science teacher. Another respondent related an
interest in the subject; however, his interest was not properly developed, due

to the competitive examination system:

Actually I would very much have liked to take science. However, I
could not take science, as the competition in my school was keen. I
read on my own to enrich my knowledge in science. I read books
and magazines, etc. The teachers were boring; there were only
demonstrations. Language (English) was a difficulty for me. In
the examination, I could not express my answers or I spelt the
terms wrongly. Science was fun but learning science in school was
a pain. (Gil)
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In summary, the majority of the student-teachers had negative science learning
experiences in their primary and secondary education. They found the subject
difficult, abstract, boring and experienced failure in getting into the science stream
at their senior secondary. They had more positive experiences with the
Curriculum Studies module than with the Academic Studies module.  The
learning of the science content knowledge in the Academic Studies module was
found to be another negative experience by three of the respondents who described
it as difficult and irrelevant for teaching at the primary level. These experiences
may have had a negative influence on their confidence to teach science, and the
student-teachers may find it hard to understand what is meant by good science

teaching without having a successful experience in learning science themselves.

4.5 Feelings about teaching science in the General Studies
curriculum

In the first session of the curriculum studies module, all of the thirty—nine student-
teachers taking the module were asked to write down how they felt about having
to teach Science in the General Studies curriculum. In relating their feelings about
having to teach Science, fourteen of them mentioned worries concerning their
knowledge of the subject, about how to handle science concepts and answer
pupils’ questions. Twelve mentioned difficulties in handling practical activities
and twenty in adopting effective teaching strategies. Their worries in teaching
included the difficulties of arousing pupils’ interest, helping pupils to learn
science concepts and the expectations of themselves as teachers to have good
preparation and clear scientific concepts. Negative feelings were mentioned by
fourteen student-teachers, while only four teachers shared positive feelings.
Words like “fear”, “feeling defeated”, “feeling helpless” were used by the student-
teachers who had negative feelings. This summary provides a brief overall picture
of the feelings of the student-teachers before they started the Curriculum Studies

module, while more detailed comments were collected in the interviews.
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In the interviews with the 13 student-teachers, they were asked to describe how
they felt about having to teach Science topics in General Studies. They expressed
much concern about their teaching of science topics, and negative feelings
towards the teaching of science content were mentioned by all the respondents
(Table 4f). Ten respondents were worried about the content and three about

conducting practical activities in class. For example:

I have some worries, I do not have enough knowledge, and the
pupils may ask more difficult questions. Compared with the Social
Studies and Health Education content in the GS (General Studies),
I would prefer to teach these rather than the science content. I am
not sure whether I can really handle the apparatus or not. (Hil)

I am afraid. I have more confidence in teaching the topics that are

more related to our daily life. For the Physics topics, I find it more

difficult and have limited knowledge. (Lil)
This is consistent with their responses to the previous questions on lesson
preparation, as the major concern was with the content and in conducting practical
activities. Other worries include finding the appropriate resources (1) and

classroom management (1) such as:

As I know in my teaching practice, the schools do not have
adequate resources for teaching the subject. I don’t know much
about the teaching approach and together with the lack of
resources, it is very difficult. (Jil)
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Table 4f Student-teachers’ feelings about having to teach science content in the

General Studies curriculum
(N=13)

Feelings about teaching science content in the GS (General Occurrences in
Studies) curriculum the interview

data

Worry

A bit frightened

Not much confidence

Afraid

Difficult

Incompetent

Psychological burden

Challenging*

Y Y DR R (o)

Confident*

Reasons for the feelings

Worried about having sufficient academic knowledge to teach the content

Felt embarrassed if failed to answer pupils’ questions

Do not know how to represent content in an understandable way

Worry about conducting practical activities

Lack of resources in schools

Cannot manage the class

Involves teaching abstract concepts

el I I R N RN |

Hope that pupils can learn in a different way*

* Positive feelings in the list.

One of the student-teachers hoped that his pupils could learn science in a way

different from his own experience:

I am interested to try to teach the subject. I hope that my pupils can
learn in a different way and not only follow the text. (Hil)

Despite having experienced negative past learning experiences in science, this
student-teacher is willing to try and provide a different experience for his pupils.
The main problem for the teacher educator is to find a way to help the student-
teachers with low confidence levels and negative learning experiences of science
behind them, to develop their professional competence and confidence in science

teaching.

4.6 Summary

This chapter described the prior views about science teaching and learning held by

the student-teachers before they took the Curriculum Studies module. The
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analysis suggests that the student-teachers had placed much emphasis on teaching
the content knowledge in science, although a small proportion of them were aware
of the importance of developing the ability to think among the pupils. They
equated science teaching with conducting practical activities and had little
consideration of engaging pupils in thinking. = The majority of the student-
teachers had previous negative science learning experiences in their secondary and
primary education, and had experienced failures in the examination system. The
experience of learning science in the teacher education programme was diverse,
some of the student-teachers realized how the learning in the modules in the
previous year influencedthem in the process of learning to teach, while others
failed to realize this. It appears that the negative science learning experiences in
their previous education may have an impact on their perceptions about science
teaching. They shared much worry over teaching science and the anxiety over the
content to be taught was great. There were also worries over conducting practical

activities and answering pupils’ questions.

The concerns and feelings of incompetence shared by the student-teachers in the
present study are similar to the findings in another local study on in-service
primary General Studies teachers (So, Cheng and Tsang, 1996). As suggested in
the literature described in Chapter 2 (Section 2.4.2), the teacher educator needs to
acknowledge the past learning experiences of the student-teachers and help the
student-teachers to reconsider their views of science teaching. The next chapter
describes the learning experiences of the student-teachers in the Curriculum
Studies module with an aim to understand the changes and development that the

student-teachers experienced in the process of learning to teach.
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Chapter 5

Learning in the Curriculum Studies module

5.1 Introduction

The Curriculum Studies module as an intervention in this study aimed to help the
student-teachers to teach science based on a constructivist view of learning.
Moreover, the data collection was focused to find out the learning experiences and
the development of the student-teachers during the Curriculum Studies module as
a part of their pre-service teacher education. In order to describe the learning
experiences and the development of the student-teachers, the findings from the
questionnaire (39 student-teachers) are reported together with the results from the
interviews (13 student-teachers), although the findings from the interviews
contribute to the main framework of analysis. In addition, the discussions in the
module sessions (thirty-nine student-teachers) are also reported to illustrate the

learning outcomes of the student-teachers in the module.

In the quantitative part, a questionnaire was designed to find out the changes in
the confidence and the conceptions about science teaching among the student-
teachers before (questionnaires in Appendix C1, C2, C3) and after (questionnaires
in Appendix C2 and C3) they took the Curriculum Studies module. The changes
in conceptions of teaching were compared before and after the module. The
number of respondents at the first and second round of collecting the quantitative
responses were 39 and 36 (3 students were absent). The questionnaires were
distributed during the lecture hours and were collected immediately after the

respondents had completed them.

The results of the questionnaires before the Curriculum Studies module (Table 5a)
show that the majority (77%) of the respondents had had science teaching
experiences in their first year, and of the 13 teachers, 5 had taught science in Year
One. None of the respondents had a science background in their secondary

education, and 64% were female.  Seventy-seven percent had some science
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teaching experience in their teaching practice of the previous year. Eighty
percent regarded teaching as their first career choice and ninety-two percent felt
an enthusiasm to teach. The demographic characteristics were congruent with the
characteristics of the student-teacher population of the Hong Kong Institute of

Education.

Table 5a Demographic characteristics of the informants

(N=39)
Characteristics Percentage
Gender Male 359
Female 64.1
Background Arts 100
Science 0
Previous full-time working experience With 513
Without 48.7
Previous full-time teaching experience With 5.1
Without 94.9
Taught science in the previous teaching practice Yes 76.9
No 23.1
Teaching as the first career choice Yes 79.5
No 20.5
Enthusiasm to teach Yes 92.1
No 7.9

The following sections report the learning experiences of the student-teachers as
analysed from both the qualitative and the quantitative findings of the study. The
analysis starts with an examination of the learning experiences of the student-

teachers during the Curriculum Studies module.

5.2 Science learning experiences of the student-teachers

In view of the low level of confidence among the student-teachers in teaching
science and their arts background (Section 4.5), the Curriculum Studies module
was designed in the study with an aim to introduce an array of teaching strategies
in science teaching with special emphasis on the constructivist view of learning.
Particular emphasis in the module was placed on letting the student-teachers
experience being taught in a way which was consistent with a constructivist view
of learning. This section reports the data that were collected from two sources:

e the discussions in the module sessions with the whole group (39) of student-

teachers;
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e the interviews with the 13 student-teachers after the module was completed

(Chapter 3, Section 3.3.2.1 ,Appendix A2).

5.2.1 Findings from the student-teachers’ discussions during the module
sessions

In the module sessions, the student-teachers experienced the various teaching
approaches (the discovery approach, the process approach and teaching science
based on a constructivist view of learning). After each activity they (thirty-nine)
were asked to discuss the following questions in small groups of three to four:

e How did I learn in this approach?

e What was the role of the teacher in this case?

e How did I feel about this approach to teaching and learning in science?

e In this approach what assumptions are made about the nature of science?

The aim of the discussion was to let the student-teachers draw upon their
experience and discover the implications for learning and teaching using the
different approaches. After the group discussion, each group then reported their
conclusion to the whole class; the following descriptions were summaries of their
reports. The following descriptions were discussion notes (Discussion notes 1 to
6) translated from their reports. These findings provide an overview of what the

whole thought about teaching science based on a constructivist view of learning.

Though the above discussion questions were applied to each of the teaching
approaches that the student-teachers experienced in the module, the following
section summarizes the discussions about teaching science based on a

constructivist view of learning.

How did I learn when the lecturer taught science based on a

constructivist view of learning?

e Learn through own experience, communication, and
interaction. Observation, recording, comparison and analysis.

e Find out the answers through the practical activities. Interact
with classmates, find out the questions, and then use the
practical activities to find out the answers. Correct own
misconcepts and develop more knowledge in science.

e Ask questions. Then suggest ways to find out the answers.

e To learn through experience, to develop pupils’ previous
knowledge and correct their wrong concepts. Interact with
pupils and find out the problems together and then find the
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answer through the practical activities. (Discussion notes 1)
(see Chapter 3, section 3.4.2 for a description of the coding)

Although the question itself asked the student-teachers to identify their own
experiences as learners, they started to compare their own learning with that of
teaching the pupils, in the discussion. The student-teachers emphasized the
significance of interaction with classmates and compared this with the interaction
with the pupils in their teaching. In this comparison, the two levels of interactions
were involved; the interactions between the learners and the interactions between
the teacher and the learner. The student-teachers noticed the development of
concepts and starting from previous knowledge as a basis for learning. They also
identified that the learners’ role was active in asking questions and in finding out
answers as well. These are views that are consistent with the constructivist view

of learning.

What is the role of the teacher if he/she is teaching science based

on a constructivist view of learning?

e To discuss, and as a facilitator

e To help pupils to think about problems, let pupils find out the
answers and conclude.

e Explain the procedure and help the pupils.

(Discussion notes 2)

From this discussion, the student-teachers acknowledged the role of the teacher in
discussing with pupils, in getting them thinking and helping them to assume an
active role in finding out the answers. The student-teachers also reported on their

feelings about teaching and learning science:

How do I feel about teaching and learning science based on a

constructivist view of learning?

e Interesting with different types of experiments.

e Able to develop in pupils an ability in problem solving.

e Pupils are willing to take part. Can clarify one’s concepts
through the activities. Can also make abstract knowledge
become more concrete and make it easier for pupils to master.

e Pupils can find out the questions by themselves and then find
out the answers. Develops a deep impression in pupils. Helps
pupils to be independent learners.  Pupil and teacher
interactions are important.

e Develops in pupils the ability to learn independently and find
out the questions.

e Not enough time. Pupils’ previous knowledge cannot match
with the teaching content.

(Discussion notes 3)
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The student-teachers found that teaching science based on a constructivist view of
learning provided a better learning condition in terms of arousing pupils’ interest;
increasing their participation and helping them to become independent learners.
However, some misunderstood and equated this approach with conducting
practical activities. Nevertheless, they were able to identify reasons that support
better learning outcomes among the pupils. These reasons included: clarifying
concepts; making abstract concepts more concrete; pupils assuming a more active
role in learning and resulting in better learning. The importance of pupils and
teacher interaction was again mentioned under this question showing that the
student-teachers were impressed by the learning outcomes that they achieved as a
group during the discussions. Despite the positive feelings about the learning,
some of the student-teachers raised the practical limitations about the time
available and the difficulty of changing pupils’ preconceptions. Moreover, the
student-teachers made some conclusions about the assumptions made about the

nature of science as science is taught based on a constructivist view of learning:

In this approach what assumptions are made about the nature of

science?

e A spiral approach in learning, to find out questions and
experiment again and again.

e To learn through experience and discussion with classmates.

Science knowledge is shared by people as they talk about it.

e Science needs to be proved, hypothesized. Raise questions,
find own answers, self-reflection, solve the problems by
oneself and helped by other classmates.

(Discussion notes 4)

It appears that the student-teachers were aware of the continual search for science
knowledge and that the knowledge is shared among people. In the responses, both
the learning experienced by the individual and by the group of students was
valued by the student-teachers themselves. Learning science was not seen as a
solo activity but was found to require discussion with and help from others in the
class. Finally in the discussion, the student-teachers summarized what they think
were the advantages and disadvantages of teaching science based on a

constructivist view of learning:

The advantages of teaching science based on a constructivist view
of learning as identified by the student-teachers are as follows:

e Ensure that pupils are thinking

e Teacher and pupils are involved in thinking
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Teachers and pupils can communicate about what they think
Teachers and pupils own the knowledge together

Involve reflection

Improve pupils’ ability to solve problems

Develop their self-learning ability

Pupils formulate their own questions

Correct and enrich pupils’ previous knowledge

Reinforce pupils’ concepts

Can change preconceptions

(Discussion notes 5)

The disadvantages of teaching science based on a constructivist

view of learning identified by the student-teachers:

e Pupils have very different preconceptions

e Difficult to change pupils’ preconceptions

¢ Difficult to take care of individual differences among pupils

e Do not have a similar learning experience in previous
education

e Different questions raised by pupils

(Discussion notes 6)

The student-teachers appreciated teaching science based on a constructivist view
of learning as teaching that involves pupils in thinking as well as acknowledges
and develops pupils’ preconceptions. However, they also realized the difficulties
associated with changing pupils’ preconceptions and the possible diversity of

pupils’ preconceptions.

This section has provided a picture of the learning experience of the student-
teachers during the module sessions. From the experience of the researcher as a
teacher educator, the learning outcome of this group of student-teachers was very
satisfactory, keeping in mind that these were students who had had negative past
learning experiences in science and who described their fear and worry about
teaching the subject at the beginning of the module. The teaching approach that
allowed the student-teachers to experience the various teaching approaches as
learners had an influence by getting them to reflect on the implications afterwards
from the position of a teacher. There was better learning by the student-teachers
as they were able to: draw comparisons between their learning experiences and
those of the pupils; identify the implications of the constructivist view of learning
in teaching; find out the conditions that encourage pupils’ learning, and explain
why better learning by their pupils may occur. It appears that the strategies

adopted by the researcher, for example, modelling the teaching approaches, and
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encouraging the student-teachers to reflect (Section 2.4.2) in the Curriculum

Studies module has facilitated better learning among the student-teachers.

5.2.2 Findings from the interviews with the student-teachers after the module
was completed

The experience of the student-teachers and the feelings about learning to teach
science can suggest two implications for the present study. Firstly, these may
provide a picture of whether the student-teachers were likely to implement the
science teaching strategies based on a constructivist view of learning introduced
in the module. Secondly, these may suggest whether the intervention strategies
employed by the researcher in the Curriculum Studies module were helpful in
facilitating the development of the student-teachers. The perceptions of the
student-teachers about the Curriculum Studies module were elicited during the

interviews after the module using the following questions:

How do you feel about studying the Curriculum Studies module?
Has the module had any influence on your science teaching? What
are the influences?

The findings are summarized under three headings in this section:
o feelings about learning;
e the module content;

o the learning process in the sessions.

The student-teachers generally shared positive feelings about the Curriculum
Studies module. Twelve out of thirteen of the respondents in the study found that
the Curriculum Studies module was a positive science learning experience (Table
5b). They found the learning process to be interesting and were more confident
about teaching science even though they may still experience some difficulties,

for example:

This module was more interesting than the Science Academic
Studies module. (Bi2) (see Chapter 3, section 3.4.2 for
descriptions of the coding)
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Table 5b Student-teachers’ perceptions of their experiences in learning science

teaching in the module
(N=13)

Student-teachers’ comment about learning in the Curriculum Studies
Module

(How do you feel about studying the Curriculum Studies module? Has
the module had any influence on your science teaching? What are the
influences?)

Occurrences
in the
interview
data

Feelings about learning

Positive learning experience

—
[\S]

Interesting / fun

Feel more confident than before

Feel some difficulty

— |- O\

The content of the module

The module was not as difficult as the Academic Studies module

Approaches learnt will influence future teaching or are helpful

Expect to be effective in using the approaches

Becomes clearer about the organization of topics using pupils’ concepts
as a basis

—| =

Having learnt the approaches, feel one-self more professional/ Have
learnt how to teach

[\S)

Would want to learn more about science education

f—

The learning process

Felt it difficult to learn by one-self

Enjoyed sharing views in teaching

Enjoyed participation and atmosphere

Emphasis on thinking and analyzing

Role of learner should be more active

Experience the approach or the process is important

Learn through teaching based on a constructivist view of learning

The process is lively

ot | et | QD | et | QD | e | bt | e

Negative Comments

Boring and lacks driving force in studying the module

Prefer to learn by reading and the lecturer talking about the various

teaching approaches

We experienced the approaches through the practical activities. It
was fun. (Gi2)

I find learning interesting and as there were practical activities, the
sessions were fun. (Ji2)

It was more interesting to work with classmates. I could grasp the
content better...(Mi2)

I liked studying the module. Before I was afraid to teach the
subject and thought that it would be best if I could avoid teaching
the subject. Having completed the module, worked through the
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assignment and gone through the written test, I feel that I know
more about how to handle the subject. I can follow the module
well. I feel quite good during the lessons. (Ii2)

At first, there was some difficulty and I tended to mix up the

approaches. Later, I could distinguish the differences and grasp the
characteristics in each. (Ei2)

The Curriculum Studies module had apparently provided a positive learning
experience for the student-teachers. The student-teachers (7)" felt that the content
of the module was not as difficult as the Academic Studies module on science
knowledge.  Furthermore, they identified the complementary nature of the
Curriculum Studies (CS) and the Academic Studies (AS) module from their

learning experience. For example:

The AS module is more on the content. The CS is on the teaching
approach. The two are complementary; I may have forgotten the
subject knowledge after all these years. After learning these, I
would know how to teach through the CS. I feel happier in
studying the CS....CS looks easier but is more difficult if you
really want to put it into practice. The AS is just on memorization;
there is nothing difficult about it. Ilike the CS more. (Li2)

This student-teacher had identified the different emphases of the two modules.
Moreover, the Curriculum Studies module was found to be helpful for preparing
them to teach. One found himself clearer about the organisation of topics having
known pupils’ ideas, and another expected herself to be effective in using the

approaches. For example:

The science academic studies module was difficult.  The
Curriculum Studies module is not on how much scientific
knowledge I have. It is on the method of teaching and is helpful in
my teaching. It is not as difficult. The notes are simple to
understand. I have experienced the various teaching approaches
and I can feel the advantages or disadvantages of each. It is not as
difficult. I become clearer about how to develop pupils' concepts,
which experiment or topic should go first becomes more obvious.
My planning will be improved. (Ci2)

In helping them to teach, the student-teachers were able to notice the importance

of developing pupils’ science concepts through the module, which is one of the

' The number in brackets represents the number of student-teachers mentioning this in the
interviews.
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major characteristics of the constructivist view of learning;:

It becomes clearer about how to develop pupils’ concepts, which
experiment or topic should go first becomes more obvious. My
planning will be improved. (Ci2)

The student-teachers indicated that the module has helped them to become more

professionally equipped with the understanding about the various teaching

approaches, for example:

The teaching approaches that I have learnt in the module will
greatly influence my teaching in future. (Ai2)

With the knowledge of the different approaches, I feel myself more
professional. (Gi2)

About the learning process, the student-teachers were able to realize that as they

commented about the participation (1), sharing of views with each other (1) and

assuming an active role were helpful in the process of learning to teach. For

example:

I have the chance to experience different teaching approaches....
We can share our views on different approaches and can improve
our teaching. (Bi2)

I am happier this year and we can participate a lot. The
atmosphere was good. How much we can learn depend on
ourselves. The Academic Studies module is taught through a
transmission approach and we can actually read these up from
textbooks. In the Curriculum Studies module, we really need the
lessons. (Gi2)

They (3) indicated that an emphasis on thinking and analyzing in the learning

process during the sessions of the Curriculum Studies module was helpful, for

example:

We do not learn the results in the practical activities but realize
how we think in the process. We consider the role of the pupils
and the teachers in the process. The process is lively and there is
less pressure. There is less memorization. The process of thinking
and analysis is more important in this module. (Ei2)

The Curriculum Studies module is on understanding and analysis.
We don’t need to memorize but to understand. (Hi2)
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It is different for the Curriculum Studies and is less difficult. We
do practical activities and reflect on the activity. We consider the
role of the pupils and how pupils think. (Mi2)

The above quotations demonstrated how the student-teachers defined the
significance of thinking, analysis and understanding in helping them to learn.
From this experience, they drew comparisons with the learning of their pupils and
in stimulating pupils to think or learn in a similar way. Hence, the student-
teachers were able to draw comparisons of their own learning experience with
their pupils learning science. They said that they themselves had learnt through
teaching based on a constructivist view of learning and that experiencing learning

through the various teaching approaches was important, for example:

In the Curriculum Studies module, we experience the approach,
discuss the theories and we then try out the lessons. This is
different and I feel that the approaches are applicable...We learnt
through teaching based on a constructivist view of learning as well.
I'have learnt more about science teaching approaches. (Ji2)

We experience the approaches through the practical activities and
the activities. (Hi2)

Despite the general positive comments about the learning experience in the
module, two negative comments were obtained. One of the student-teachers did
not appreciate the experience of having to think and discuss in the sessions. This
can be interpreted as an influence from the student-teachers’ past education
experience when teachers in Hong Kong generally adopted a transmission
approach. The learning experience in the module did not succeed to change his

views about the teaching and learning of science.

The student-teachers have related their experiences of failures in science in their
secondary schooling (Section 4.4.2). Moreover, in the interviews before taking
the Curriculum Studies module, they expressed their worry for the content to be
taught (Section 4.5). The module has provided an opportunity for them to rebuild
their confidence by sharing a positive science learning experience. Through this
experience, they have drawn parallels between their own and their pupils'
learning. The worry about content also decreased with the general increase in

confidence in science teaching. For the present study, as the student-teachers
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were going to become primary science teachers, the positive learning experience
in the Curriculum Studies module may help to build up their confidence in
teaching science. Moreover, the positive experiences may also suggest that the
intervention strategies in the module have facilitated the development of the

student-teachers.

5.3 Views of science learning after the Curriculum Studies
module - the importance of learning science content in the
primary curriculum

The student-teachers’ views about science learning may influence their views
about science teaching, and changing their views towards a constructivist view of
learning may be considered as a form of teacher development. The views about
science learning were collected in the interviews with the thirteen student-teachers
after the Curriculum Studies module (Appendix A2, Chapter 3, Section 3.3.2.1)

with the questions:

What do you think is or are the important things that pupils should
learn in their science lessons? ( What are your primary concerns
about the teaching of science? ) Have your views changed? If so
how and why?

Before taking the module, 8 out of 13 student-teachers considered science
learning as learning basic concepts to establish a foundation for future learning
(Section 4.2). After taking the module, though the number and nature of
categories of response remained the same (Table Sc), their views were more
diversified with increased in awareness of developing process skills (5), an
interest in science (2), and an investigative attitude or active role in learning
among the pupils (4). These were more frequently mentioned in the interviews
after the module. The importance of self and continuous learning among the

pupils was emphasized by four of the student-teachers, as one commented:

Time is limited during the lessons. We teach part of the content
and hope that the pupils will continue to learn outside the
classroom.... Now I think that pupils should not learn only when
the teacher is there to tell them. They should find out more by
themselves. They would have a deeper impression (impact) by
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assuming a more active role in learning. (Ci2)

The attitude. Life long learning is more important. The attitude of
trying to find out more about science is more important. It would

be useful throughout their lives. (Gi2)

Table 5c Student-teachers’ views on the importance of science content in the
primary curriculum after taking the Curriculum Studies module

(N=13)

Importance perceived by the student-teachers Occurrences | occurrences
before after
studyin§ the | studying
module the module

To learn science knowledge: basic concepts in science, 8 3

knowledge as a foundation for future learning

To develop process skills: ability to hypothesize, 1 5

evaluate, communicate, observe, measure and record

To develop an attitude of finding out and investigation, 2 4

self-learning, taking a more active role in learning

To develop an ability to think, analyse, understand 3 3

Build up a “schema” to help to understand other

knowledge

To develop an interest in learning science 1 2

To learn something that is related to daily life experience 5 5

and to apply it

To learn how to do practical activities 1 0

4 Findings reported in Table 4a with categories reorganised.

The interest in learning science as mentioned by two of the student-teachers was

taken as related to continuous and active learning among the pupils.

Their interest in science is more important than to build up basic
knowledge.... This would be a driving force for continuous

learning in the future. (Fi2)

It is important that the student-teachers valued not only the learning of content but

also engaging the pupils in thinking; developing an attitude for investigations and

developing in their pupils an interest in science. These are the conditions that

may lead to continuous learning outside the classroom or life-long learning as it

was referred to by one of the student-teachers. Apart from the diversity of

responses, the quality of responses also differed. After studying the Curriculum

Studies module, the student-teachers could better articulate what was meant by

getting pupils to think. For example:
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As a teacher, there are many ways to teach science. There are
different possibilities and ways to stimulate pupils to think. There
are different practical activities for teaching a topic. (Bi2)

They should be able to extend their understanding to something
that they have not learnt before. They should be able to build up a
schema and use this to understand something that they have not
learnt before. (Di2)

From this, stimulating pupils to think may be achieved by practical activities and
means to learn new ideas, as well as applying the way of thinking to learn
continuously. It appears that the module had widened the views of the student-
teachers on science learning and prepared them to accept and try-out different
strategies in science teaching, including teaching based on a constructivist view of
learning. In addition, the student-teachers had adopted a constructivist view of
learning by hoping that their pupils would assume a more active role in learning
by engaging in self-learning and in thinking. These views on science learning
were more diverse in considering the thinking of the pupils than the responses
made before the module (Section 4.2) when the importance of learning science
was emphasized only in the content knowledge and in performing practical
activities.  Moreover, the student-teachers compared their own learning
experiences in the Curriculum Studies module with science learning among the

pupils by saying, for example:

I think that it is the process of finding out, the ability to analyse
and understand that are more important. The pupils may know
already the science knowledge, these are less important. It is
pupils’ thinking processes that is important... Before I may have
regarded science knowledge as being more important. The answer
should be learnt. Now, I put more emphasis on the why, how and
process of learning. I feel this in the activities that we have done in
the module. I have to reflect on the activities and about the role of
the teacher and learner. It makes me feel that the process is
important. (Ai2)

From the findings in the previous section 5.2.2, the student-teachers had shared
positive feelings in the module, and in the above quotation the student-teacher had
also compared their own learning experiences with those of the pupils. By
experiencing the learning activities, they could better identify themselves with the
role of a teacher who helped the pupils to think in class. It may be interpreted that

modelling the teaching advocated in the Curriculum Studies module facilitated the
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development of the student-teachers (Section 2.4.2).

By having more diversified concerns than just learning the content and being
reflective of their learning experiences, these respondents can be viewed as
having experienced positive professional development. With a more diverse view
of the purpose of science learning, they have shifted significantly from placing
greater emphasis on learning the science content to an awareness about
developing an interest in, and positive attitudes towards learning. However, this
shift did not occur among all the student-teachers, as 3 out of 13 of the
respondents still retained the view that learning science content is the most

important aspect of science learning.

In the interviews after the Curriculum Studies module, the student-teachers were
asked to describe the relative importance of science as compared with other
subjects. The responses to this question, “Is science more, or less, or equally
important for primary children as other subjects like English, mathematics, etc.?
Have your views changed? If so how and why?” are summarized in Table 5d.
Although the number of student-teachers who thought that science was of equal or
greater importance than other subjects had increased from three (Section 4.2) to
five after the module, eight of them still allocated more importance to the subjects
that were examined. As a result, only two of the thirteen student-teachers shifted
their opinions from thinking that science is less important than other subjects to
thinking that science is equally important. Six of the student-teachers related the
importance of learning science as an area that develops pupils’ thinking, promotes
environmental awareness among the pupils, and includes subject content related
to daily life. However, the others thought that it was just common knowledge (1)
and the importance of a subject was proportionate to the curriculum time available
in school (1). Given the fact that the pupils’ achievement in General Studies do
not carry any implications for secondary school places allocation, and that the
curriculum time spent in General Studies is only half of the time for any of the
three other subjects, namely Chinese, English and mathematics, it is not surprising
that the views of the student-teachers regarding the importance of science learning
did not shift significantly after studying the module. It appears that the school and
curriculum context influence how science should be taught and what are

considered to be the value of teaching a subject. Despite this, the slight shift
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among the student-teachers towards giving science more importance may be taken

as an influence of the learning experience in the Curriculum Studies module.

Table 5d Student-teachers’ views on the relative importance of the subjects as

compared with other subjects after taking the Curriculum Studies module
(N=13)

What do you think is or are the most important thing that pupils should | Occurrences
learn in their science lessons? ( What are your primary concerns about in the
the teaching of science? ) Have your views changed? If so how and | interview
why? data

Relative importance of the subjects

Maths and Science are equally important/ 5
Maths, languages and science are more important than the cultural
subjects/

All the subjects are of equal importance

Chinese and English are more important than other subjects

W

Chinese, English and Maths are more important than other subjects

Reasons regarding relative importance of the subjects

Develop pupils’ ability to think/achieve deeper understanding/ 6
The subject contents are related to daily life /
Should promote awareness of the environment among the pupils *

Learning languages enables pupils to learn by themselves 1
Science is just common knowledge 1
Chinese and English take up more curriculum time and are thus more 1
important

* Reasons that support science as an important area to learn at the primary level.

5.4 Views of teaching science after the Curriculum Studies module

As the present study looks into the development of the student-teachers in the
process of learning to teach, the shift in views of teaching may be interpreted as
the influence of the Curriculum Studies module. This section describes the
changes in the views about science teaching among the student-teachers after they
completed the Curriculum Studies module (Appendix A2, Chapter 3, Section

3.3.2.1). The following questions were asked during the interviews:

With reference to science teaching, what are the steps in your
lesson preparation?

When you teach science, what are the most common strategies that
you would employ?

What are the principles in choosing those strategies? (Or What do
you remember about the strategies that we have covered in the
module? What do you think about their applicability in your
situation?)
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The following analysis includes mainly the qualitative data summarized from the
interviews with the thirteen student-teachers and is supported by the quantitative
data obtained from the questionnaires (Appendix C1, C3) of the whole group of
thirty-nine student-teachers where appropriate. The student-teachers’ views of
science learning are reported under:

e concerns and strategies during lesson preparation, and

e teaching strategies and activities to be adopted in teaching science.

5.4.1 Concerns and strategies during lesson preparation

Before taking the module, the main concerns expressed by the interviewed
student-teachers during preparation for science lessons were designing activities
and studying the content to be taught (Section 4.3.1). After taking the module,
more student-teachers (5 out of 13) (Table Se) shared the concern for identifying
what pupils have learnt before the lessons and made considerations based on a
constructivisit view of learning. They described their teaching as related to the

preconceptions held by the pupils. For example:

I would find out about what pupils know about the topic. Before
the lesson, I would ask them some questions to find out what they
know. (Fi2)

I would ask the pupils some questions before the lesson and adjust
my teaching accordingly. (Ki2)

It would be good to know about pupils’ preconceptions. I would
start from there and develop my teaching based on that. (Ji2)

Another strategy raised that was consistent with a constructivist view of learning
was about planning to stimulate pupils to think in class (mentioned by one of the

student-teachers):

I would provide the stimulation, the environment to get pupils
thinking in the lessons. I would ask more thought-provoking
questions. Let pupils find out the results. (Ai2)
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Table 5e¢ Strategies for preparing lessons as reported by the student-teachers

(N=13)

Strategies as reported by student-teachers Occurrences | Occurrences
(With reference to science teaching, what are the | before after
steps in your lesson preparation?) studyin% the | studying the

module module

Items that showed an increase after the module
Consider what pupils have learnt before 1 5
Stimulate pupils to think in lessons or 0 1
Ask thought provoking questions
Prepare for questions from pupils 1 2
Stimulate pupils to recall their own experiences 0 1
Reflection on different teaching approaches 0 4
Think of ways to impress/ attract pupils’ attention 1 2
Try out practical activities 1 3
Collect information about the topic (including 0 3
activities and children’s ideas)
Items that showed a decrease after the module

Consider the aims, and design appropriate activities 8 7
and practical activities
Prepare teaching aids 4 1
Design worksheets/ questions 1 0
Study the content and be clear about the topics to 5 3
be taught (from textbook)
Read up the content/ Consider the content to be 7 4
taught (from other sources)
Relate content to daily life experiences 1 0

A Findings reported in Table 4b with categories reorganised for comparison.

The student-teachers were prepared to ask more questions in class. One thought

about how to stimulate pupils to ask more questions. He suggested achieving this

by getting pupils to recall their personal experiences:

Science knowledge is related to their daily life experiences. If I
can relate the knowledge to life, they can learn better. I would just
stimulate pupils to recall their own experiences...I can ask them
some questions before the lesson or stimulate them to ask

questions through an activity. (Ci2)

The various teaching approaches introduced in the module would also

become strategies that the student-teachers (4) might consider in their

teaching in the coming teaching practice, for example:

I would read the notes and reflect on the different teaching
approaches. I would lead pupils to think. I would provide the
stimulation and the environment to get pupils thinking in the

lessons. (Ai2)
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I would consider which approach is applicable.... After the first
lesson, I would know about the pupils and would decide if I can
use a certain approach. (1i2)

Apart from concerns about preconceptions and increasing interactions in classes,
other concerns about preparing for content, and practical activities (7) remained.
However, the reliance on the textbook (5 to 3) and the heavy concern with content
was lowered (7 to 4). As suggested in the above analysis, the concern for the
content has thus become more diversified to include not only the teacher’s
knowledge but also pupils’ ideas before the lesson and likely questions that pupils
will raise. The student-teachers also had better ideas about how to teach or the
possible teaching approaches that they may adopt. On the whole, it appears that
the student-teachers shared considerations that were consistent based on a
constructivist view of learning, as they reflected that they were concerned about
pupils’ preconceptions, that they would stimulate pupils to think, that they would
attempt to relate science learning with pupils’ experiences and that they would
prepare for challenging questions from pupils. They were more knowledgeable
about the possible teaching approaches to be adopted, and shared a wider view of
science teaching that was no longer limited to conducting practical activities or

teaching the textbook content.

5.4.2 Views about using various teaching strategies and activities in teaching
science

The module aimed to prepare the student-teachers to teach science based on a
constructivist view of learning. Apart from the concerns during lesson
preparation, the choice of adopting various teaching strategies and activities in the
science lessons may also suggest whether the student-teachers were influenced by
the Curriculum Studies module and adopted a constructivist view of learning in
their science teaching. The views about the choice of teaching strategies and
activities which were collected from interviewing the thirteen student-teachers
(Appendix A2, Section 3.3.2.1), and the quantitative part from questionnaires
(Appendix C3, Section 3.3.3) responded to the whole group of student-teachers

(39), are analysed and discussed.
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5.4.2.1 Views collected from the qualitative part of the study

Before taking the module, science teaching was equated by the student-teachers with
conducting practical activities, as shown by the large number of respondents (10 out
of 13) noting these in their answers (Section 4.3.2). After taking the module, the
student-teachers had a better understanding of the various approaches and
diversified opinions about the approaches and teaching activities to adopt, as shown
by the distribution of responses in Table 5f. A closer examination shows that the
two most common mentioned approaches were discovery (11) or teaching science
based on a constructivist view of learning (7), and at the same time some (6)
considered adopting a mixture of the two approaches. The discovery approach was
introduced earlier in the programme in another module in year one (the General
Studies curriculum module) on the teaching of General Studies as a subject as a
whole. The discovery approach that was introduced described a guided process
through which learning experiences (in the form of activities) were arranged, and
pupils had to think about their results and make their conclusions with the help of
the teacher. For these (11) student-teachers, this was more familiar and may not
have differed too much from teaching science based on a constructivist view of
learning, as they interpreted them as both involving pupils in thinking actively.
They may not have been aware of the difference in the basic assumptions of the two
approaches about pupils’ preconceptions, the social construction of meanings and the
gradual changes in pupils’ concepts. However, other student-teachers were found to
have related the constructivist view of learning into their teaching, as they supported
their choice by saying that they would consider pupils’ preconceptions (3), adjust
their teaching based on what pupils knew (3), and arrange activities to develop

pupils’ concepts (1). For example:

I would consider what they think and see how that is related to the
topic.... I would perform practical activities or use diagrams or
videos or discussion. They can share their thoughts and see how
others think. This may change their ideas. (Ci2)

Pupils’ perconceptions, ways to stimulate thinking, and sharing of ideas were all

seen as ways to change pupils’ preconceptions.
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Table 5Sf Student-teachers’ comments on the application of the various teaching

approaches before and after studying the module
(N=13)

Student-teachers’ comments on the application of | Occurrences | Occurrences
various teaching strategies/ approaches before after
When you teach science, what are the most common | studying the | studying the
strategies that you would employ? What are the| module” module
principles in choosing these strategies?
Choice of teaching strategies/ approaches
Teaching science based on a constructivist view of 0 7
learning*
Discovery approach 1 11
Adopt a mixture of discovery approach and teaching 0 6
science based on a constructivist view of learning
Process approach 0 2
Teaching activities
Practical activities 10 5
Discussion 4 1
Games/ other activities 2 3
Investigation after lessons 0 1
Activities to change pupils' concepts 0 1
Reasons for the choice of activities or teaching approaches
To let pupils experience the process 1 0
To relate to current issues 1 0
To let pupils know what was happening 1 0
To match activities with the teaching objectives 1 0
Not to teach too in-depth knowledge 1 0
To engage pupils in thinking 2 2
To let pupils take a more active role in learning 0 1
To consider pupils' preconceptions 0 3
To consider what pupils know, and relate teaching 0 3
content to their environment

“ Findings reported in Table 4c. * Not a defined approach but a range of strategies consistent with
a constructivist view of learning.

Other reasons that were used to support the choice of teaching approaches and the
teaching activities were also related to a constructivist view of learning. These
included: aiming to engage pupils in thinking (2) and having pupils taking a more
active role (1). These reasons were in sharp contrast with those given by the
student-teachers before the module. Before the module, only two of the thirteen
student-teachers mentioned engaging pupils in thinking by guiding them and
letting them form their own ideas (Table 4c, Section 4.3.2). The above reasons
related to a constructivist view of learning, and preconceptions were either not
mentioned before or were mentioned at a very low occurrence. The student-
teachers related how they would take into account pupils’ thinking as they taught

in the coming teaching practice:
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I would think about how pupils think. If they are wrong, I need to
find out why they think in this way, or challenge them or correct
them. It provides a reference for teaching. (Ei2)
Moreover, a student-teacher also summarized the change in her views about

science teaching, which were consistent with a constructivist view of learning:

The activities would emphasize on getting the pupils to find out
and think.  Science should not be taught or transmitted.
Transmission is boring. Teaching science based on a constructivist
view of learning emphasizes the pupils’ preconceptions. Through
the questions, there is communication with the pupils. The teacher
can also correct the conceptions of the pupils. There is more room
for pupils to think. (Why is this good for the pupils?) The pupils
can relate the knowledge in science with other subjects. The pupils
will have a high ability in analyzing and thinking..... I think this
can be applied. I would try this in the teaching practice and more
preparation will help, and I hope that I can master the approaches
as soon as possible. (Gi2)

This quotation summarized the student-teachers’ enthusiasm to try out the teaching
approaches in the teaching practice and how this was motivated by her view about
science teaching after the module. This may suggest that the Curriculum Studies
module has influenced not only the actions to try using activities or questioning,
but also the student-teachers’ views that correspond more closely to a

constructivist view of learning.

Despite the shifts in the constructivist view of teaching, the student-teachers
highlighted a number of constraints (Table 5g). In considering which teaching
approach to take for a particular class, the student-teachers suggested that the
choice depended on the nature of the topic (1) as well as the learning style and
ability of the pupils (2). They also voiced their concerns about not having
sufficient background in science (2) and the possible difficulties of changing

pupils’ concepts (1). For example:

Teaching science based on a constructivist view of learning is more
desirable for me. I can tell whether pupils understand and their
problems in learning. However, I am afraid that I do not have a
sufficient background to teach based on a constructivist view of
learning. (Bi2)
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This suggests a concern about academic content knowledge and others (2)

described how the interactions with the pupils may influence teaching science

based on a constructivist view of learning:

As there are many pupils in a class, it seems more difficult to teach
based on a constructivist view of learning. It depends also on the
motivation of the pupils. If the pupils are more active, it is good.
In a class of thirty, for the pupils who are more active and out-
spoken, they can learn more. For those that do not speak up, they
just sit there and cannot learn much. Little interaction with the

teacher can be achieved. (Ki2)

It therefore seems that the student-teachers were very much influenced by the

reaction of their pupils in their teaching. They might lack the skill or the

competence to motivate their pupils to share their ideas. This process may require

more experience on the part of the teacher. Other perceived contextual constraints

include the concerns about the tight teaching schedule (3), the diversity of pupils

ideas (1), and pupils’ not being active in class (1). Moreover, the student-teachers

had a perception that teaching science based on a constructivist view of learning

takes more time (2).

Table 5g Constraints perceived by the student-teachers in the choice of teaching

strategies
(N=13)
Perceived constraints Occurrences
in the
interview
data
Time constraints 3
Teaching based on a constructivist view of learning takes up more 2
teaching time
Large class size, little interaction, depends on pupils 2
Worry about having insufficient background in science 2
Choice of teaching approach depends on the nature of the topic 1
Choice of teaching approach depends on the learning style and 2
ability of the pupils
What pupils know may vary a lot 1
It is difficult to change pupils’ concepts 1
Pupils are not active in class 1

Before the module, the student-teachers tended to see science teaching as mostly

concerned with conducting practical activities (Section 4.3.2). It appears from

the findings that they had better knowledge of the various teaching approaches
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for science topics after the module and shifted towards having a constructivist
view of learning (Table 5f). In actual practice, there were however, many other
factors to consider besides their own knowledge of the teaching approach. These
factors included their knowledge of the science content, the ability of the pupils,
the nature of the topic, and the most common concern for primary teaching was
the time available (Table 5g). The perceived influence of the ability of the pupils
and the curriculum time available may be taken as sociocultural factors that may

influence the culture of teaching and learning in the school.

5.4.2.2 Views collected from the quantitative part of the study

The views of the student-teachers (N=39) about science teaching were collected

through the administration of a questionnaire before and after the Science

Curriculum Studies module (Appendix C3, Section 3.3.3).  There were three

main questions in the questionnaire:

e the frequency of the teaching activities adopted in science lessons;

e the extent to which they agree with a number of statements about science
teaching;

e a situation question that described a number of possible actions after having
found out that pupils could not understand concepts about the properties of air.

The first two questions were structured on a five point Likert scale where a larger

value represented higher frequency or stronger agreement. In the third question,

the student-teachers were asked to rank order the possible actions. A paired

sample t-test and a sign test were conducted to compare the two sets of responses

concerning the views of science teaching among the student-teachers.

The same trend of difference was obtained from the paired sample t-test and the
sign test (Table 5Sh), while the sign test indicated the direction of the change after
the module. The directions of changes are summarized in Table 5i. Regarding
the frequency of adopting the various teaching activities, the student-teachers
rated pupils doing library research, and discussions led by the teacher or among
the pupils in small groups to be more frequent after the module. Teaching
activities such as checking workbooks and the teacher explaining the text were

rated with lower frequency. They expected the pupils to assume a more active
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role in learning and hence they agreed more on asking pupils to do library

research. They gave higher value to the discussions in the classroom. The choice

of the teacher explaining the text in the lesson was rated as less frequent. These

ratings may indicate a departure from the transmission approach and a shift

towards the constructivist view of learning by acknowledging the importance of

classroom interactions.

Table 5h Comparison of responses about the frequency of adoption of certain
teaching activities and agreement with statements about teaching by paired-

sample t-test

Teaching activity or statement |Mean Mean after P P
before S.D. |studying (S.D. | value | value
studying the module by by
the module N=36 sign | t-test
N=39 test

Teacher led discussion 3.61 0.84| 3.97 0.56/0.049*/0.014*

Pupils discussing in small groups | 3.47 0.77| 3.92 0.60/0.027*(0.014*

Pupils doing library research 2.54 1.04| 3.23 0.94/0.043*/0.006

%k %k

Teacher explaining the text 3.56 1.18] 3.03 0.81| n.s. |0.013*

Teacher checking workbooks with | 3.49 1.02| 3.08 1.02|0.035*| n.s.

pupils

My previous learning experiences | 3.22 1.02| 3.58 0.73| n.s. [0.051*

in the secondary and the primary

school science have strongly

influenced my teaching.

(constructivist view)

It’s no good just letting pupils 3.28 1.00{ 2.47 0.84(0.000 [0.000

discuss their ideas among *kx o PRxk

themselves. They tend to focus on

the unimportant and the irrelevant.

(against constructivist view)

I should provide pupils with good | 3.86 0.42| 3.53 0.74|0.049*(0.016*

structured explanations of the text

and workbooks for each topic,

something they can revise at home

and learn. (transmission view)

P<0.05 * p<0.01** p<0.005***  n.s. not significant at p=0.05
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Table 5i Results of the sign test about the frequency of adopting various teaching
activities and agreement with statements about teaching

The frequency of adopting various teaching activities

Items that showed an increase in frequency after the module:
Teacher led discussion *

Pupils discussing in small groups *

Pupils doing library research **

Items that showed a decrease in frequency after the module:

Teacher checking workbooks with pupils *

Teacher explaining the text (decrease from quite often in every lesson to
sometimes) *

Statements about teaching

Statements that shifted from agree and strongly agree to disagree

Its no good just letting pupils discuss their ideas among themselves. They tend to
focus on the unimportant and the irrelevant. (against constructivist view) ***

I should provide pupils with good structured explanations of the text and
workbooks for each topic, something they can revise at home and learn.
(transmission view) *

Statement that shifted from strongly disagree and not agree to no opinion
and agree
My previous learning experiences in secondary and primary school science have

strongly influenced my teaching. (constructivist view) *

p <0.05 * p<0.01 ** p<0.005 ***

Student-teachers’ responses to three of the thirteen statements showed a
significant difference in the ratings after the module. The student-teachers agreed
more with the importance of previous learning experiences influencing their
teaching. They agreed less with the statements that discussions are not important
and that teachers should provide pupils with good structured explanations of the
text and workbooks, which are regarded as being contrary to the constructivist

view and in agreement with the transmission approach.

These patterns of the frequency of teaching activities and the agreement with
statements about science teaching were consistent with each other. The student-
teachers accorded higher value to discussions with pupils, pupil-pupil discussions
and pupils taking an active role in learning than with teacher explanation.
Moreover, they also indicated that they agreed more with statements that reflected

the influence of their past learning experience on their teaching.
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Apart from the two questions above (rating the frequency of the teaching
activities and the extent of agreement with a number of statements), the student-
teachers were also presented with a situation question in order to identify the
changes in their views about science teaching (Appendix C3, Chapter 3 Section

3.3.3). The situation question about science teaching read as follows:

You have taught a topic on air to a class of primary 4 pupils. At
the end of the topic, you find out that your pupils think that:

air is weightless

water droplets that condense on the surface of a can of soft drink
come from the inside of the can.

What would you do in the next lesson?

However, the response from the situation questions did not provide further or
different information from the other two questions above. Hence, the results are

not presented or discussed here.

On the whole, the quantitative and the qualitative findings were in agreement,
suggesting that the student-teachers had shifted more towards a constructivist

view of learning.

5.4.2 Summary

In summary, the above discussion described the changes in the views of the
student teachers in terms of their concerns during lesson preparation and their
views on the adoption of teaching strategies and approaches. The changes in the
views about teaching among the student-teachers provides a picture of how the
Curriculum Studies module might have influenced them, as well as the resulting

development or learning.

It appears from the data that the Curriculum Studies module has influenced the
student-teachers to adopt a constructivist view of learning. The findings in the
interviews with the thirteen teachers suggested that during lesson preparation,
the student-teachers would give more consideration to pupils’ preconceptions
and stimulating pupils to think. They shared more diverse concerns than just

focusing on the content and conducting practical activities as compared with
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before they completed the module. Regarding the teaching strategies, they were
more ready to try out the various teaching approaches, though they related more
about the discovery approach and teaching science based on a constructivist
view of learning. Their choice of teaching strategies as reported in the
interviews were made mainly based on a constructivist view of learning, as they
emphasized an active role in learning, the importance of getting pupils to think,
considering pupils’ preconceptions, and attempting to relate their teaching with
pupils’ experience. The quantitative data supported the findings in the
qualitative part. The emphasis on classroom discussions was prominent after the

completion of the module.

Apart from the apparent shift to a constructivist view of learning, the student-
teachers described a number of sociocultural factors that may influence the
school culture. They were conscious of the practical or contextual constraints
that they may face in schools, such as the limited time available and the large
class size. They worried about getting sufficient interaction with pupils,
showing their concern for effecting quality classroom discussions. These may
be taken as sociocultural factors that determine the school culture which may in

turn influence the classroom teaching of the student-teachers.

5.5 Feelings about teaching science based on a constructivist view
of learning

The changes in the feelings about teaching science with a constructivist view of
learning among the student-teachers before and after the module may be taken as
the personal development of the student-teachers. This may also.provide a basis
for predicting how likely the student-teachers may be able to adopt science
teaching based on a constructivist view of learning in the future. The responses to
the question were summarized and compared with those collected before the

Curriculum Studies module:

e How do you view yourself learning to teach science?
e How do you feel about having to teach science topics with a
constructivist view of learning?
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Before taking the Curriculum Studies module, the thirteen student-teachers shared
a lot of negative feelings about teaching science in General Studies as in their
interviews (Table 4.5) negative feelings were mentioned 16 times, while positive
feelings were mentioned only twice (Table 4h). Their worries included both
content and pedagogy. Though most of them lacked positive experiences in
learning science in their previous education, the concern for providing a
"different” learning experience for their pupils was raised. After taking the
module, the feeling was mixed and diversified (Table 5j). There were thirteen
positive comments and among them four student-teachers shared positive feelings
about finding out pupils’ preconceptions, and six found it helpful to know pupils’

preconceptions. For example:

I agree with the point that pupils know something before the
lesson. There should be a gradual change in pupils’ science
concepts. Finding out what pupils know is helpful. I can teach or
start from what they are interested in. I can also find out their
wrong concepts and correct them. The teacher needs to do more
preparation and be aware of pupils’ interests and lives. This is
worthwhile. Understanding what pupils think and are concerned
about is helpful in creating a lively learning atmosphere. To know
what the pupils think is interesting in itself and I am not doing it
only for the job. (Ei2)

The teacher can also know more about the pupils and know if they
understand the topic, unlike the transmission approach. The work
of the teacher is worthwhile. You can tell if the pupils understand
or not during the lessons. You don't need to wait until exams to
know if you have taught effectively. (Bi2)

These student-teachers noted that it was a worthwhile task to identify pupils'
preconceptions (1) and could appreciate the interest in doing so (1). They saw
teaching as getting pupils to understand as well as trying to understand pupils'

thinking.

It is difficult to find out pupils' conceptions. It is time consuming
and takes time to teach. However, it is good and can help to
develop relationships with pupils. Pupils have some form of
scientific knowledge in their daily life. I would try the approach
and would make use of the time during recess to find out their
preconceptions. Understanding what they know will also save
time during the lesson. I would try this approach. (Ci2)

The emphasis is on thinking about how the pupils think. Before I
would have considered more about how the teacher teaches. I have
one more consideration now: how do the pupils think? I consider
their thinking or ability level, how their knowledge or concepts are
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developed. I have the confidence to teach with that approach.
However, I haven't tried this before, I may try this in the teaching
practice. (1i2)

The student-teachers making the above positive comments defined teaching as

trying to relate what pupils know from their daily life experience and helping

pupils to develop their concepts from what they know. These considerations are

congruent with a constructivist view of learning. They also come to analyse

teaching from a new perspective, that is from teacher teaching to getting pupils to

think. The task was described as a difficult but worthwhile one.

Table 5j Student-teachers’ feelings about teaching science based
constructivist view of learning after studying the module.

(N=13)

on a

Feelings about teaching science based on a constructivist view of learning
as perceived by the student-teachers

(How do you feel about having to teach science topics based on a
constructivist view of learning?)

Occurrences
after studying
the module

Positive feelings

Helpful to know pupils’ preconceptions in teaching

Having confidence to teach through a constructivist view of learning

Worthwhile attempt but would be difficult

Difficult but workable

This belief coincides with own belief in teaching

Have more considerations in teaching

Pupils can achieve genuine understanding

Pt | et | e | e | et | N | ON

Concerns or considerations for implementation

Hard to change pupils’ preconceptions

Hard to consider preconceptions of individual pupils

Difficult to understand the philosophy behind it

Difficult to implement

Spend more time to prepare for lessons

Takes more time to teach

Nervous about putting it into practice

Lack practical effectiveness

et | et | ot [ N | (D | st | et | (0D

Neutral comments or feelings

Observe the pupils before deciding the approach to take/depend on the
situation/topic

N

Would try different approaches

Would need to read about the approaches

Haven’t seen past teachers teaching with the same approach before

Takes time to develop competence

Change in pupils’ concepts depends on whether the teacher has clear
concepts

et | e [ et | NI [ 9

Although there were positive comments, the student-teachers raised a number of

concerns (thirteen comments were made) about teaching based on a constructivist
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view of learning in classrooms. These include finding it hard to change pupils’
preconceptions (3), the time needed to develop competence in teaching science
(1), the teacher’s concept in the subject (1), and not having experienced learning
with that approach as a student in school (1). These feelings were described by

the student-teachers. For example:

I would find out pupils’ experience through questioning in class.
Then I would follow up on these. In the lesson, I would perform
practical activities. I would try to change their concepts. But this
may be difficult. The pupils may follow you and put down the
correct answer. However, in their thoughts they may still persist in
their own belief. This is more difficult if we have to change that.
(Li2)

The student-teacher in this case was concerned about changing the pupils’ ideas.

It (teaching based on a constructivist view of learning) means more
work but is not too difficult... In the teaching practice and the first
year it may not be very good, but I have the confidence to use it.
This may however, take more time e.g. one year. (Di2)

Though it may mean more preparation, this student-teacher related her confidence

to teach.

I have seen how my teachers taught using the discovery and the
process approach; I have memories of those lessons. For teaching
science based on a constructivist view of learning, I have not learnt
in that way before and it is less familiar to me. The trying out in
the module is not sufficient. I haven’t seen how pupils learn in that
way and the classroom situation may influence the effectiveness of
the approach... When we have to catch up with the teaching
schedule, it would be risky. (Ki2)

Moreover, this student-teacher was concerned about having prior learning
experiences with teachers who taught based on a constructivist view of learning.
In making this comment, the student-teacher was trying to relate the personal

learning experience as a student with his classroom practice.

The above concerns are interpreted as practical considerations about putting into
practice what the student-teachers have learnt in the module. . They
considered pupils’ ideas, thought of how to represent abstract ideas and were also
aware of the difficulties for these changes in their teaching to occur. From these

considerations, it appears that the student-teachers not only had the theoretical
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understanding of the teaching approaches but also came to consider the practical
implications of such practice in the classroom. Realizing the practical difficulties
and the importance of teaching experience can also be taken as a measure of
positive professional development. It appears that the experience of taking the
module has developed among the student-teachers positive feelings in learning
and has influenced them to reflect on their own learning experiences and science

teaching.

5.6 Summary

It appears from the findings that the student-teachers had shifted towards a
constructivist view of learning. In the Curriculum Studies module, the student-
teachers compared their learning with that of the pupils. The experience of
learning through the different approaches themselves helped them to conclude the
implications of each on teaching and learning in the primary classroom. They
identified the implications of the constructivist view of learning in their teaching
as engaging pupils in thinking, clarifying pupils’ concepts, and continuous self-
learning. They indicated the importance of discussions, teacher-pupil interactions
and pupil-pupil interactions in the learning process. Regarding the choice of
teaching strategies, the student-teachers made their considerations based on a
constructivist view of learning emphasizing engaging pupils in thinking,
considering their preconceptions, and relating the content with daily life
experiences. It may be assumed that the learning in the Curriculum Studies
module has influenced their views about learning and teaching science. Learning
science was not regarded only as learning the content knowledge, but was taken
as engaging pupils in thinking, developing an increased awareness in developing
process skills, nurturing an interest in science, and equipping pupils for
continuous learning. These changes in views of science learning and teaching
which matches a constructivist view of learning may be taken as the professional

development of the student-teachers.

Despite the awareness of considering teaching from a constructivist view of

learning, the student-teachers still held a belief that the examination subjects are
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more important than science in the primary curriculum. This is not surprising
given that achievements in the subjects Chinese, mathematics and English have a
significant bearing on the secondary school places allocation system and are
widely accepted by parents and primary teachers as more important. Although
the majority of the interviewees held positive views about the influences of the
constructivist view of learning in science teaching, there were concerns about the
limitation of time and the lack of responses from the pupils. These may be taken
as sociocultural factors in the school context that may influence the views of

teaching and learning science among the student-teachers.

Feelings of confidence in science teaching may be taken as positive personal
development. The feelings towards teaching science were more positive when
compared with those held by the student-teachers before the module. It may be
interpreted as the influence of the Curriculum Studies module that helped them to
develop better confidence in teaching science. Though it appears that the
Curriculum Studies module has influenced the student-teachers to develop
professionally and personally, the student-teachers expected a number of
difficulties in teaching science based on a constructivist view of learning in the

primary classroom.
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Chapter 6

The student teaching experience

6.1 Introduction

This chapter describes the professional, social and personal development of the
student-teachers during their teaching practice experience. The teaching practice
of eight weeks took place after the Curriculum Studies module was completed and
this was the second teaching practice for the student-teachers in the teacher
education programme. Among the thirteen student-teachers who were involved in
the previous rounds of interviews, eleven of them had a chance to teach a science
topic in their teaching practice, which took around two weeks to complete. The
qualitative data documented in this chapter comes from the interviews (Appendix
A3, Chapter 3, Section 3.3.2.1) and lesson observations with these students. The
quantitative results reported in this chapter include the data collected from the
questionnaire for all the 39 student-teachers who took the Curriculum Studies

module, as in Appendices C2 and C4 (Chapter 3, Section 3.3.3).

The discussion in this chapter documents the student-teachers’ experiences of
teaching science in the classrooms, the problems or influences that they

experienced, and their feelings about teaching science in school.

6.2 Teaching science with a constructivist view of learning during
the teaching practice period

This section describes how the student-teachers taught science, based on a
constructivist view of learning, in schools. The eleven student-teachers who

taught science topics were interviewed and asked the following questions:

How did you actually go about teaching science topics in the
teaching practice?

Tell about: the preparation, the activities you employed, the
principles behind them, classroom management, assessing pupils’
learning and if there were any really successful lessons that you
remember.



The student teaching experience 162

The findings in the following sub-sections draw on the responses to these
questions and are grouped as:

e how the student-teachers planned their science lessons,

e what teaching strategies they employed,

e the lessons that they conducted, and

e their perceived influence of the constructivist view of learning on teaching.

6.2.1 Concerns and strategies during lesson preparation

The concerns of the student-teachers during their teaching practice period differed
from the time when they were at the Institute. Before they took the module, the
main concerns were those about the content to be taught, and designing activities
(Section 4.3.1). There was a shift after they took the module - a range of
concerns based on a constructivist view of learning were raised at the time after
the module (Section 5.4.1). When it came to the teaching practice, the focus
moved to a range of practical concerns about time (2)', classroom management
(3), safety (3), the ability of the pupils (6), providing opportunities for pupils to
learn from each other (1) and reading the module notes (1), none of which

appeared in the previous interviews. For example:

I consider the pupils’ ability level for this class. The worksheets
cannot be too difficult though some are easy and they should know.
However, sometimes they don’t even know the basics. Their
interest. It is hard to arouse their interest. It is hard to design an
activity that arouses their interest; their interest in learning is low.
(Di13) (see Chapter 3, section 3.4.2 for a description of the coding)

These considerations suggest that the student-teachers were trying to relate what
they learnt about teaching in the Institute with the school context. Table 6a
provides a summary of the concerns that were raised before and after the
Curriculum Studies module, and during the teaching practice. Consistent with a
sociocultural view of learning, the student-teachers suggested the importance of
interactions or consultation with peers, lecturers and supervising teachers (11)

during the teaching practice. For example they mentioned:

' The number in brackets represents the number of student-teachers mentioning this in the
interviews.
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I asked my classmates the learning of their pupils, their progress
and how much their pupils can achieve. (Bi3)

I asked the classmates who have taught the same topic and shared
with them my experiences of teaching the same topic, in
conducting the activities. (Ci3)

I discussed with my friends about the teaching activities. I have
seen the activities that other students designed. Iimproved on their

design e.g. the practical activity on light and shadow. (Ei3)

Table 6a Strategies for preparing lessons as reported by the student-teachers in the

first three interviews
(N=11)

Strategies for preparing science lessons

Occurrences
before
studyin% the
module

Occurrences
after
studying the
module *

Occurrences
during
teaching
practice

Consult supervising teachers/lecturers/peers

Design own topic sequence

Consider what pupils have learnt before

Think of ways to attract pupils’ attention

Collect information about the topic

Prepare teaching aids

Consider the aims, and design appropriate
activities or practical activities

RHOf——O|
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Try out practical activities

Stimulate pupils to think in lessons or
Ask thought-provoking questions

—]w

Stimulate pupils to recall their

experiences

own

Reflection on different teaching approaches

Design worksheets/questions

Prepare for challenging questions from pupils

Study the content and be clear about the
topics to be taught

WINO|H

Read up the content / Consider the content to
be taught

Relate content to daily life experiences

oSl &

o (=) (=)o) (o] {e) =) OSf=

% Findings reported in Table 4b.
* Findings reported in Table Se.

I have discussed it (my teaching) with my classmates who have
taught the same topic. We discussed the content and the activity as
well. (Gi3) '

I have to try them (the activities) out at home and ask my
classmates to see if they work out in their classes. (Mi3)

We discussed the content, about what can be added and what the
pupils would want to know more about as well as the activities.
(Ki3)

The theme of the discussions ranged from the teaching content, the activities, and

pupils’ interest and ability. For learning science in the classroom, one of the
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student-teachers mentioned how opportunities were provided for pupils to learn

from each other.

I have discussions. I hope that the pupils can learn from each
other. They can argue and know about how others think. (Ii3)

It appears that this student-teacher valued the importance of interactions both in

their own learning and in their pupils’ learning.

The concern for the content to be taught was reflected as the student-teachers
talked about collecting information on the topic. From the fact that none reported
reading the teachers’ guide, the reliance on the textbook and the teachers’ guide is
weaker than the time during the Curriculum Studies module. One of the student-

teachers had even designed his own topic sequence in teaching:

I consider which are the basic concepts and gradually add in more
difficult concepts. I design my own sequence of teaching and it
may be different from the textbook. (Gi3)

Based on the researcher’s previous experience as a teacher educator, it would
appear that these practices are quite rare, if not non-existent, among the student-
teachers who had a weak science background. There was, however, a slight
decrease in consideration about asking thought-provoking questions, stimulating
pupils to recall their own experience, reflecting on the teaching approaches, and
preparing for pupils’ questions. These may be interpreted as more detailed
considerations that the student-teachers did not focus on while they were still

trying to adapt their science teaching to the classroom situation.

On the whole, the scenario was different from the time before they took the
module when they talked about readihg up textbooks and teachers guide for the
main source of information instead of collecting information themselves. It
appears that the Curriculum Studies module has influenced the student-teachers to
take a constructivist view of learning as they suggested that their considerations
were made based on the ability of the pupils and what they have learnt, and the

importance of interactions in their own learning and the pupils’ learning.
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6.2.2 Teaching Strategies that were employed by the student-teachers

In the interviews during the teaching practice, the student-teachers (11) were
asked to describe the teaching strategies that they used. There were attempts to
find out pupils’ preconceptions before they taught the topic (9). A variety of ways
were used to achieve this purpose (Table 6b). Raising questions in previous

lessons was one of the ways (4). For example:

I asked them (the pupils) if they are aware that when they play
under the sun, there are black objects following them. Some of
them tell the word “shadow”, some cannot. (Bi3)

I do this at the start of every lesson. For example, I asked them if
they know about the attempts to protect the environment in Hong
Kong before the next topic on environment. (Hi3)

Table 6b Ways that the student-teachers elicited pupils' preconceptions
(N=11)

Occurrences in
the interviews
Ways to elicit pupils’ preconceptions
Questions raised in previous lesson 4
Questions raised in lessons of other subjects 1
Check pupils’ understanding by asking them to fill in 2
worksheets
By observing what pupils play with 1
Ask pupils to collect pictures on a certain topic 1
Based on studies of pupils’ preconceptions 1
Implications of knowing pupils’ preconceptions

Adjust teaching with a knowledge of pupils’ preconceptions 7
Supplement what pupils don’t know with examples
Provide counter examples to make pupils realize wrong 1
concepts
Teach something not in the textbook 2
Spend more time on difficult parts 2

Constraints in the process of finding out pupils’ preconceptions
Pupils have low ability or time constraints 3
Would find out pupils’ preconceptions in full-time teaching 1

Another student-teacher described how he tried to find out how pupils think about
a certain topic through a discussion of the related topic in a different subject

lesson:

I have taught the same class Chinese. In those lessons, I have
asked the pupils what they think insects are and how much they
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know about flowers. I also asked them how animals reproduce. I
found out that they know about viviparous and oviparous but they
know nothing about internal or external fertilisation. (Ci3)

Student-teacher I was given a class in which the teaching of the topic always
lagged behind the Educational Television Programme (ETV)?. The pupils would
thus have heard more about the topic before they started the lessons. The student-
teacher hence checked the understandings of the pupils after they had watched the

Education Television programme.

Asking pupils to collect materials before the lesson was also employed in order to

find out pupils’ preconceptions:

For example, I have asked them to collect pictures of animals and
plants before the topic on reproduction. They would then group
the pictures by the different ways of reproduction. (Li3)

Two other teachers used more indirect ways to obtain a picture of the pupils’
preconceptions. One of them (E) related that he was more aware of the children’s
environment and the toys they had. Another (M) referred to research findings

about children’s science ideas, such as:

I made reference to the materials you provided about pupils’
preconceptions on the topic heat. (One of the reference readings in
the Curriculum Studies module discussed how children think about
the concept of heat and the sources of heat.) (Was there any
influence on the content you chose?) Yes, I thought of more
activities after reading that, otherwise there were not many
activities in the book....I also reconsidered the sequence of topics
to be taught. For example, there is a practical activity on
conduction using rods made of different materials. This is to let
pupils distinguish between materials that are good and poor
conductors. Before doing this, I used another demonstration to
show the transfer of heat in a metal rod. This is a different activity
using butter. I prefer to teach one concept at a time and not mix up
the two. (Is there any relationship with what you know about
pupils’ preconceptions?) I think about how to arrange the topics in
the following lessons, using the information on pupils’
preconceptions as a reference. (Mi3)

% The Educational Television programmes (ETV) are specially prepared for each topic and cover
most of the content for the subjects Chinese, English, mathematics and General Studies. It may
include demonstration of practical activities or other information related to the topic. Most
schools arrange for the pupils to have the lessons before they watch the ETV and used it as a
summary of the topic.
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One of the student-teachers found it difficult to find out pupils’ preconceptions
and suggested that this may be more feasible after she began to teach as a full-

time teacher.

There is not much chance to talk to the pupils. I don’t have other
opportunities to talk to the pupils. If I am really teaching in the
school, I may try this. In the teaching practice, there is very little
time available. (Ji3)

Checking pupils' preconceptions is one of the ways that shows how far the
student-teachers identified their teaching with the constructivist view of learning.
The student-teachers were generally aware of the importance of knowing how
their pupils think before the lessons. They have tried various ways to find out
their ideas. However, as they were student teaching, their contact with the pupils

was limited and this situation may vary after they start their first teaching position.

Having found out the pupils’ preconceptions (7), the student-teachers reported that

they adjusted their teaching with respect to what the pupils knew. For example:

I check their understandings on the basics before 1 go into other
topics. Hence, I may not follow the timing in the lesson plan; I
react more to pupils’ reaction. I think the time is only for
reference. I cannot proceed to another part before pupils really
understand the basic parts. Sometimes, pupils have questions; I
make use of their questions and have more in-depth discussions on
the topic. Their questions mean that they are interested in the
particular area. This also means that they have been more attentive
in the lesson. There will be less class discipline problems. (Ki3)

Questions from the pupils provided a basis for further discussions of the topic.

I do this at the start of every lesson. I have tried. For example, I
asked them if they know about the environmental attempts in Hong
Kong before the next topic on the environment. I considered how
much they know and how much the textbook requires, then I teach
the difference between these. If they know more, I skip the basics.
I spend more time on the difficult parts. (Hi3)

This student-teacher adjusted the amount of content to be taught and used the time
for the difficult ideas. Another adjustment involved modifying the topic sequence

based on the information about the children’s preconceptions:

There are some similarities between the pupils in my class and
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those in the study (information about children’s conceptions of
science are provided in the Curriculum Studies module). 1
reconsider the sequence of topics to be taught.... I think about how
to arrange the topics in the following lessons, I use the study on
preconceptions as a reference. (Mi3)

Having realized the pupils’ preconceptions, teacher E related how he had

supported his teaching with counter examples:

They must have used or played with magnets and know what they
are. They may not know what the materials are that the magnets
can attract and what the shiny materials are that are attracted. I
tried to find some examples that are not attracted by magnets but
are shiny so that they know it is metals that are attracted by
magnets. (Ei3)

These student-teachers adjusted the content to be taught by allowing the
discussion to be more in-depth, to be more adapted to the needs of the pupils, to
rearrange the topic sequence, and to allow the timing of the lessons to be more
flexible. These were different from “typical” practices in which the teachers
taught most of the content following the textbook and were trying to catch up with

a set teaching schedule.

Four of the student-teachers reported that they did experience certain constraints

in finding out pupils’ preconceptions:

I have asked them to collect information before the
lesson...However, the quality was poor. These (pupils’
preconceptions) do not have any influence on my teaching. They
don’t know how to ask questions. Unlike the brighter class, they
have a lot to ask. They (this class) know very little about the topic
and I teach only the basics. (Li3)

The time constraints and the ability of the pupils influenced the student-teachers

in attempting to find out pupils’ preconceptions.

Another strategy that was consistent with a constructivist view of learning was to
help pupils to apply the concepts learnt (Table 6¢). This was raised by ten of the
eleven student-teachers. The strategies included getting pupils to be more aware

of their daily life experiences (4). For example:
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The pupils will apply these in their daily life experiences, there are
kettles at home, and they have to hold their cups. I can ask them to

observe things around them...(Ji3)

Pupils’ discussing what they have learnt with people around them was taken as a

form of applying the new concepts (1). For example:

They (the pupils) can be more aware of the news on space
explorations, etc. They would be interested to know and learn
about how the earth moves. This can be applied as they talk to
their classmates and their parents...They will talk about this in

their daily conversations. (Ii3)

Moreover, the student-teachers presented problems for pupils to solve in getting

them to apply the newly learnt concepts (2), such as:

In the topic magnetism, there is a sub-topic on the application of
magnetism. ... In one of the activities, I pretended that I had
dropped all the paper clips on the floor and asked the pupils how I
could pick them up. Some of the pupils were able to apply the
theory of magnetism and use a magnet to attract them. (Bi3)

Table 6¢c Ways that student-teachers employed to allow their pupils to apply the

concepts learnt in the lesson
(N=11)

Occurrences in
the interviews

Ways to let pupils apply concepts learnt

Ask pupils to complete a worksheet

Pupils are more aware about the news and what happens around
them

To solve a problem

Conduct an activity after the lesson

Conduct a short quiz

Ask the pupils to distinguish between examples

Ask pupils to design toys and games

Pupils would talk about what they learnt in their daily
conversations

— === N N B R

Ask pupils to give examples

P

Limitations

Pupils with low ability and are reluctant to think

Problem with basic concepts learnt before

The concept of applying newly learnt ideas among the student-teachers was

therefore not only limited to within classroom situations but could also be
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applied in the pupils’ daily conversations and in explaining what happened in
their daily life experiences. The student-teachers were also keen to provide
opportunities for them to apply the ideas in the classroom through activities

(2), presenting problems (2), and worksheets (4).

The student-teachers valued the preconceptions held by the pupils in their
teaching and were ready to adjust their teaching according to the needs of the
pupils. These included attempts to re-arrange the topic sequence, spending more
time on difficult concepts, teaching beyond the textbook context and being more
flexible in timing the lessons. These attempts made them different from the
practice of most of the primary teachers that they have experienced in their past
education experience when the utmost concern was to complete the topic within
the scheduled time. Applying the concepts learnt was also emphasized by the
student-teachers who defined application as not only limited to answering
questions on worksheets but also getting the pupils to put what they had learnt
into their daily life experiences. In terms of their professional development in
teaching science, it appears that they have adopted a constructivist view of
learning in their science teaching. The development of this view may be

interpreted as an influence of the Curriculum Studies module.

6.2.3 Teaching science in the primary classrooms — the lesson observations

During the teaching practice, the researcher observed the teaching of the eleven
student-teachers in the schools in order to obtain an understanding of what their
science lessons were like, to what extent they teach science based on a
constructivist view of learning, and the influences on their teaching. Every
student-teacher was observed once for a lesson that ranged from 35 to 40 minutes.
The findings in this section were obtained from the transcription of the lessons
and the researcher’s field notes. The student-teachers volunteered their teachings
to be observed and these observations did not contribute to the assessment of the

teaching practice.
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6.2.3.1 Helping Conceptual Change

A list of teaching actions that is congruent with the constructivist view of learning
was drawn up in order to analyse to what extent the student-teachers were able to
teach science based on a constructivist view of learning. The list is based on one
developed during a research project that helped teachers to teach science with a
constructivist view of learning (Bell, 1993). The actions were chosen on the basis
that they characterize science teaching based on a constructivist view of learning
and that they differed significantly from "typical" science lessons in Hong Kong
(Chapter 1 Section 1.2.1). These also have to be actions that were observable
during the lessons. The planning and other teacher actions, such as eliciting
pupils’ preconceptions, that were not observable in a single lesson were described

and analysed in the previous sections 6.2.1 and 6.2.2.

Based on a constructivist view of learning, the nine teacher actions that may help

pupils’ science learning are (section 2.3.1):

i. Presenting questions for pupils
ii. Inviting pupils to ask questions
iii. Asking pupils to predict results of practical activities
iv. Illustrating by using a range of examples
v. Illustrating by using practical activities
vi. Relating new ideas with previous concepts
vii. Using the newly learnt ideas in new situations
viii. Pupil initiated activity
ix. Clarifying pupils’ ideas by using other examples
The following sub-sections describe the nature of each of the teaching actions

with illustrations from the lesson observations and field notes.

(i) Presenting questions for pupils

All the student-teachers attempted questioning as a way of getting pupils to think
about the topics as well as further developing their concepts. Questions were
presented in various forms. Four of the student-teachers had the questions written

down on a worksheet that guided pupils’ group discussion. For example:
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The student-teacher provided pictures and worksheets to guide the
discussion. Each picture represented a cause of water pollution.
The themes of the pictures included: sea pollution by reclamation,
domestic waste, oil leakage; fresh water pollution by chemicals,
farm waste. Beneath the pictures were questions asking pupils to
suggest the cause of the pollution, the influence and the prevention.
(Don 6) (see Chapter 3, section 3.4.2 for a description of the
coding)

The student-teacher provided each group of pupils with a set of
word cards and a comparison table and asked them to match into
the table the characteristics of wind, insect and self dispersed
seeds. The student-teacher reminded the pupils to close their
textbooks as they completed the table. She encouraged the pupils
to put in as much as they knew. After the activity, the pupils were
asked to describe the characteristics of the seeds and relate that
with the method of dispersal. (Lon 5)

T: Can you describe one characteristic for wind dispersal?

P: Having wings

T: Can you give an example?

P: pine seed.

T: (Showed a diagram of the pine seed) Is there any other
characteristics?

P: light

T: Most of wind dispersed seeds are a lot lighter and are easily
blown by wind. Are there any other characteristics?

P: (the same pupil above cannot answer the question, the teacher
asked again, another pupil volunteered). Hairy.

T: Can you give an example?

P: Dandelion.

T: (Showed a diagram of the plant in a library book) What does the
hair look like?

P: Parachute.

T: These seeds are light and easily blown by wind. Are there any
other characteristics? (The teacher showed another picture of the
“wooden cotton flower” also commonly found in Hong Kong.)

P: There are fibres.

The teacher agreed and asked the pupils to conclude on the
characteristics of wind dispersal. (Lo 5)

In other lessons, questions were asked after teacher demonstrations (3 out of 11
lessons observed).. Pupils were asked to report their observations and make
conclusions about the findings or implications of the demonstrations. For

example:

The student-teacher used a wooden stick to beat a can with
different degrees of strength and asked the pupils (Primary 1) to
describe the sound produced. The demonstration was repeated
using a pair of chopsticks and the pupils were asked to describe the
sound. The teacher next asked the pupils to relate the volume of
sound produced with the degree of strength used in beating the can.
(Eon 1)
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In another, the demonstrated practical activity was the expansion of
a metal ball which could not pass through a metal ring after
heating. After putting the metal ball into cold water, the metal ball
contracted and could pass through the ring. The teacher asked the
pupils to explain their observations. (Jon 2)

The student-teacher showed the class two spoons, one with a metal
handle, the other with a plastic handle. She then asked the pupils
to tell the difference between the two spoons. The pupils named
the differences. (The previous lesson was on good and poor
conductors of heat ). She asked the pupils why there was such a
difference. She then put the two spoons into hot water. During the
waiting time, the teacher asked the pupils to predict the results.

P: one is hot and one is not.

T: Which is which?

P: The one with plastic handle is not hot and the other is hot.

The teacher invited the pupils to try the hotness of the spoons. The
pupils reported their feelings about the hotness. Next the teacher
asked the pupils to explain their observations. (Mo 2)

In two other situations, the student-teachers arranged an activity for the pupils
during the process or at the end of which they raised questions to help pupils to

develop their concepts. For example:

The student-teacher invited the pupils to participate in an activity
about whether light could pass through certain objects. The
student-teacher placed the objects (which included books,
transparent plastic cups, overhead transparencies, etc.) onto the
overhead projector. Before the student-teacher placed a certain
object on the overhead projector, the pupils were asked each time
to predict whether light could pass through and put down their
prediction on the worksheet. The predictions of the pupils were
mostly correct. The student-teacher then asked the pupils to list the
common characteristics of the objects that allow light to pass
through and helped pupils to develop their understanding of
transparency. (Bon 1)

The pupils brought their own fruit for the activity. Their task was
to cut the fruit into halves and observe the characteristics. The
pupils then completed a table on the blackboard put up to
summarise the findings of the different groups. Following the
activity, the student-teacher raised a series of questions about the
functions of the fruit.

T: Why do the flowers not directly develop just into seeds? Why
are there the fruits?

P: They protect the seeds. The monkeys will eat the fruit and spit
out the seeds or the seeds will go out with the faeces of the
animals. (Ko 5)

Questions were also raised during teacher led discussion with the whole class of

pupils. For example:
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The student-teacher conducted a discussion with the pupils about
the structure and functions of the flower.

T: What is the function of the female reproductive part of the
flower (pointing to a diagram to show which part he is referring
to).

P: To absorb nutrients.

(Other pupils said from their seats that this is wrong.)

T: Where will the pollen from another flower land? Why was the
pollen held and not blown away again?

P: The stigma receives the pollen grain. There is sticky liquid on
the stigma.

T: Touch the stigma and feel it. How does it feel?

P: Sticky.

T: Where will the pollen go after this?

P: Go into the style.

T: So what is the style like?

P: Hollow.

The student-teacher asked the pupils to look at how the stigmas,
style and ovary are organised in the flower. (Co 5)

The discussion was about the shape of the earth. The pupils had
watched an Educational Television programme on the topic before
the lesson.

T: What is the length of the equator?

P: 3.1416 divided by 2

(Other pupils asked why. )

T: Why did you say this?

P: I don’t know.

T: The length is actually 40,075km. What is the shape of the
earth?

P: It is almost spherical.

The student-teacher asked the pupils to show their hands if they
agree the earth is a sphere or not. Half of the class agreed that it is
a sphere and half do not.

The student-teacher then drew a line perpendicular from the north
pole to the equator and asked the pupils to compare the half length
of the line and that of the equator.

T: What do you think the lengths will show?

P: If they are equal, then it is a circle.

The student-teacher asked the pupils to raise their hands to show
which side they think is longer. Most of the pupils showed that the
half equator is longer.

The student-teacher provided the length 6,378km and 6,357km
suggesting that the difference is 20km.

T: Is the earth a sphere?

P: No. Itis flattened. (Lo 4)

Presenting questions is the most common strategy for the student-teachers to get
pupils thinking. The use of worksheets has been useful in group work. The
pupils were also asked to predict the results of the practical activities. This
maximizes the opportunity for the pupils to think, and compare what they think

with the results of the practical activity. Questions were also raised during class
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discussions when the student-teacher presented a question for the whole class of

pupils to think about.

(ii) Inviting pupils to ask questions

Three of the lessons observed included having the student-teacher inviting pupils

to ask questions. For example,

During a lesson on flower structure, pupils asked the student-
teacher about the details of the structures of daffodils and the
Christmas flower. (Con 5)

After a discussion on the various causes of water pollution, a pupil
came up with a question, “If someone jumped into the sea, is this
water pollution?” The student-teacher answered, “It is hard to
define. If the material causes some deterioration of the water
quality, we regard that as water pollution. If you swim, that should
not be regarded as water pollution.” (Don 6)

In a lesson on the structure of fruits, a number of questions were
raised by the pupils, which included:

How do we classify the structure of the coconut? How do they
disperse the seeds?

Do we need to take off the seed coat as we plant the seeds?

What is the juice of lychee and the coconut? Is there any stone in
the coconut?

What is the structure of durain? Where is the stone?

What is organic planting?

(Kon 5)

After a discussion about the shape of the earth by comparing the
length of the “radius” measured at various points, the pupils asked
the following questions:

Why do we measure only the northern hemisphere?

Is the length of the radius in the southern hemisphere the same as
that measured from the northern hemisphere? (Mon 2)

Although the student-teachers have reported that the pupils did not readily ask
questions for fear of showing that they did not understand, a number of relevant
questions were asked in the lessons observed. This indicates that the pupils had
been thinking in the lessons and were aware of how the ideas may be applied.
Nonetheless, these pupils may have received a lot of encouragement from the
student-teachers for asking questions in class. This encouragement from the
student-teachers is also a demonstration of the degree of confidence in science
teaching, as they had indicated a fear of being unable to answer pupils' questions

before they studied the Curriculum Studies module.
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(iii) Asking pupils to predict results of practical activities

A third way of helping conceptual change is by asking pupils to predict the results
of practical activities and then test out their ideas. Three of the lessons observed
involved asking pupils to predict the results of practical activities as a way of
stimulating pupils to think.  Student-teacher B invited his pupils to predict

whether the objects were transparent by filling in a worksheet:

The teacher explained that he would invite some pupils to
participate in the activity who would put the objects on the
projector to see if light can pass through. The pupils were asked to
complete a worksheet in their seats. They had to predict whether
the object was transparent or not. (Bonl)

Having found that the pupils were able to predict the results of the practical
activities, student-teacher B focused the subsequent discussion to help pupils

build a new idea. For example:

The pupils could predict if light can pass through the object. The
emphasis of discussion becomes the concept of transparency,
meaning that light can pass through the object. (Bon 1)

The prediction of results allowed the student-teacher to elicit the students’
preconceptions. Their answers also informed the student-teacher of what to

emphasize in the subsequent discussion.

(iv) Illustrating by using a range of examples

The fourth way of helping conceptual change is by illustrating the concept with a
range of examples. Altogether ten of the student-teachers employed this strategy
in helping pupils to change their concepts. Four out of ten of these student-
teachers chose to widen the teaching content and included concepts that were

extended beyond those taught in the textbook. For example:

The student-teacher asked the pupils if all the flowers have the
same structure and if all the parts are always present. He asked the
pupils to give examples. The pupils suggested that daffodils do not
have sepals and the same for the Christmas flower. The pupils
were not sure how the structure of these flowers compared with the
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model flower. The student-teacher also suggested that the white
Lily does not have sepals. The student-teacher asked the pupils to
think about the structure of these flowers before the next lesson.
(This part occurred at the end of the lesson after the different parts
of the flower were discussed. The various examples of flowers
mentioned are not covered in the textbook. The teaching includes
a discussion of the structural modification of the flowers.) (Con 5)

The student-teacher distributed worksheets on the cause of algal
bloom. The worksheet included an article from the newspaper.
The student-teacher encouraged the pupils to think about the
problems on the worksheet. (This activity was conducted after the
group discussion on the various causes of water pollution. The
algal bloom was a piece of news featured in the local newspaper
during that time.) (Don 6)

Other student-teachers (6 out of 10) made use of a wide range of examples to
illustrate the teaching content. Pupils’ understanding of the topic was enhanced
by the opportunities to apply or test out their ideas through the examples. For

example:

The student-teacher provided various examples to apply the
concept of poor and good conductors of heat. The examples used
include: spoons with metal or plastic handles; frying pan; the rice
cooker and the iron. (Mon 2)

The student-teacher used two demonstrations to let pupils think
about the concept of expansion and contraction. One
demonstration involved the use of a metal ball and a metal ring.
The other involved the use of a balloon fitted to a jar. The
expansion of air inside the balloon was effected by dipping the jar
in hot water. (Jon 5)

Based on the experience of the researcher as a teacher educator, in general, it is
difficult for the student-teachers to include science contents that are not found in
the textbook. However, the student-teachers observed in the study had attempted
to include a wide range of examples in their science teaching. Although the
content may not always be widened, this shows at least their willingness to
include more examples to illustrate the science ideas. Moreover, a number of
them had in fact widened the content to be covered. The student-teachers in this
study were ready to adjust the teaching content according to the preconceptions
of their pupils. This concept of helping pupils to build up their ideas was

congruent with the constructivist view of learning.
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(v) Illustrating by using practical activities

Another way of helping conceptual change is by illustrating ideas using practical
activities including teacher demonstration of science investigations. Five of the
student-teachers used demonstrations in their lessons. Two of the student-
teachers attempted to facilitate new understandings among the pupils through

demonstrations. For example:

The formation of shadow was demonstrated using a number of
objects and an overhead projector. (Bon 1)

The production of sound was demonstrated using rods, chopsticks
and coins. (Eon 1)

Two other student-teachers asked the pupils to learn about the concept, and the

demonstrations were used to illustrate how the idea worked in actual situations.

The student-teacher demonstrated two practical activities
illustrating the concept of expansion and contraction. (Jon 2)

The student-teacher showed the pictures and samples of seeds to
the pupils as they were having a discussion about seed dispersal.
(Lon 5)

One of the student-teachers used the demonstration to show how the idea was

implemented in daily life situations. For example:

A demonstration using household or kitchen utensils was used to
show how the idea of poor and good conductors is applied. (Mon
2)

Demonstrations were more common among the lower primary and where the
activities involved the use of heat or hot objects. Despite the constraints of the
physical settings of the classroom, the student-teachers were ready to conduct
demonstrations to illustrate what they were talking about.  After taking the
module, they appeared to be more confident with the demonstrations that
involved heat or hot objects and were aware of the safety concerns. Despite the

fact that conducting demonstrations in the classes involved more preparation

from the teachers, the student-teachers were willing to do so.
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(vi) Relating new ideas with previous concepts

The student-teachers were aware of how the concepts were related with each
other in the topic and thus one of the ways to help conceptual change was to
make linkages between new and old ideas. Five student-teachers established
linkages between the newly learnt ideas with previous concepts. Making
linkages between topics during teaching is uncommon when teachers in Hong
Kong teach according to the textbook, and each topic is treated as a separate
unit. The linkages came in different forms. Four of the student-teachers linked

the content with another sub-topic under the same theme, for example:

T: How do plants disperse pollen?

P: By insect and by wind.

T: The seeds are dispersed in various ways. I want to see how
much you know about this. (The dispersal of pollen is compared
with the dispersal of seeds.) (Lo 5)

The student-teacher invited two pupils to try the hotness of the
spoons. The pupils reported their feeling about the hotness. The
student-teacher asked the pupils to explain the results. The
student-teacher tried to remind the pupils to explain with reference
to the game in the previous lesson and that Mr. Heat was carried to
the finish line first by the metal rod. (Mon 2)

One of the student-teachers tried to link the content with another topic in the

General Studies:

The student-teacher asked the pupils what was inside the ovary (of
the flower). The pupils suggested that it was ovules and the
student-teacher asked them to compare this with the female
reproductive cells in humans. The pupils said that the parallel is
the fertilised egg. The student-teacher asked them to think
carefully if the egg or ovule is fertilised at this stage. The pupils
concluded that as the pollen has not yet arrived, it was then the
egg. They then compared the ovary of the flower with the ovary in
humans. (Con 5)

The second form of linkage was less common among the student-teachers as this
required the teacher to have a clear picture about how the concepts were organised
in the General Studies curriculum. The teacher also needs to be conversant about
when the pupils come to know about the relative concepts. However, establishing
linkages between concepts in the same topic is helpful for the pupils to build up

their understanding about the topic. This was also one of the emphases of the
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Curriculum Studies module, as an example of how related concepts were

organised in the topic “Air” was discussed.

(vii) Using the newly learnt ideas in new situations

Another way of helping conceptual change among pupils is by inviting the
pupils to use the newly learnt ideas in new situations. This type of activity
usually occurred near or at the end of the lesson when most of the activities were
completed and the student-teacher wanted to challenge the pupils to see how
well they had learnt. These involved cases for analysis or situation questions
that allow pupils to apply their ideas in finding the solution. Seven of the

lessons observed were seen to have included this part. For example:

After a discussion about the formation of shadow, the position and
size of the shadow with reference to the light source, the student-
teacher showed a picture with a boy and asked the pupils to draw
the position of the shadow when the sun was directly overhead.
The pupils succeeded in drawing the position. The next question
was to ask the pupils to draw the shadow as the sun is on the west.
The pupils had some difficulty doing this and could explain the
position verbally but were unable to represent it in drawing. (Bon

Y

After a discussion of the structure of flowers, the student-teacher
asked the pupils to find out the differences in structure between
different types of flowers and note their specific differences. (Con
5)

The student-teacher presented a case on algal bloom for the pupils
to analyse after a lesson on water pollution. (Don 6)

These quotations illustrate how the student-teachers included problem cases in
‘their teaching and let pupils apply their new ideas developed. The use of these
problem cases allowed them to check pupils' understanding and to extend their

inquiry in the topic.
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(viii) Pupil initiated activity

Pupils initiating activity can also help to effect a conceptual change. In the
lessons observed, the pupils seldom initiated an activity by themselves, but were
usually encouraged or invited by the student-teacher. In 2 of the 11 lessons

observed, pupils initiated activities as follows:

The student-teacher asked the pupils to suggest different ways of
producing sound by the can. The pupils suggested to use hands to
beat the can. Another suggested to put water into the can and beat
the can with a stick. Another suggested to shake the can after
filling it with water. The student-teacher encouraged the pupils to
suggest alternatives and not only using hands. The pupils liked to
use water. (Eon 1)

The student-teacher demonstrated the difference in the
conductivity of heat through two spoons made of different
materials. The pupils suggested to test using cold water and see
which one was cooler. (Mon 2)

As suggested by the student-teachers after the lessons, these activities would be
tested out in subsequent lessons. This was not common among the lessons
conducted by student-teachers although there were two in the lessons observed.
This shows that the pupils were really interested in the lessons and have a desire

to know what will happen in other situations.

(ix) Clarifying pupils’ ideas by using other examples

This strategy was most frequently used by the student-teachers to clarify pupils’
newly learnt concepts and was employed by six of the student-teachers. For

example:

The student-teacher concluded that sound production is related to
vibration (after a discussion on production of sound and vibration).
The student-teacher asked the pupils to provide counter examples
of things that produce a sound but do not vibrate. The pupils
suggested using transparent paper, this was disproved by blowing
on the paper. (Eon 1)

The student-teacher provided the length of the "radius" of the earth
measured at different points to guide pupils to find out that the
earth is not a sphere. (Ion 4)
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The student-teacher suggested that the pupils compare the fruit
structure of a variety of fruits to help them realise the difference
and similarities between them. This later leads to a series of

questions from the pupils about the structure of different types of
fruit. (Kon 5)

In order to be able to suggest counter or other examples, the student-teachers had
to have a good understanding of the content themselves.  Having counter or
more examples to think about, the pupils became clearer of the science concepts.
The student-teachers had therefore also regarded the ability of the pupils to

distinguish between similar ideas as one of the learning outcomes of their

lessons.

6.2.3.2 An overview of the lessons conducted by the student-teachers

The transcriptions and the field notes of each of the observations were analysed
and teacher actions that agreed with those in the checklist were counted and are
summarized in Table 6d. The counts were made if a particular action was found
in the observation, and then taken as an occurrence or match. Thus, the nature of
the actions are described and the count represents the frequency of the actions

among the lessons observed, these are reported in the coming sections.

Eight out of eleven of the student-teachers attempted more than half of the nine
actions in the checklist in the lesson observed (Table 6d). With the exception of
two observations, the student-teachers attempted teaching based on a
constructivist view of learning in all the lessons observed. From a total of nine
actions in the list, student-teacher B has attempted all of these in his lesson, while
student-teachers C, E, L and M had eight or seven matches on the list. This can
be viewed as the influence of the Curriculum Studies module on their view of

science learning, which was translated into the teaching actions in the classroom.
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Table 6d Summary of matches with the checklist of teacher actions for each case

Student- | Topic taught Primary | Age of Number of
teacher in observed Level pupils in matches in the
lessons years checklist

B Heat 1 6 9
C Reproduction 5 11 8
D Water Pollution 6 12 5
E Sound 1 6 8
G Reproduction 5 11 3
H Noise Pollution 6 12 5
I Earth 4 10 6
J Heat 2 7 3
K Reproduction 5 11 7
L Reproduction 5 11 6
M Heat 2 7 9

When each of the teaching actions on the checklist was considered for the whole
group of student-teachers (Table 6¢), the student-teachers attempted presenting
questions for pupils, illustration by a range of examples, and presenting a case for

pupils to think about, with relatively higher frequencies.

Table 6e Summary of occurrences of teacher actions

Teacher actions that are consistent with teaching science Occurrences

based on a constructivist view of learning in all the
lessons
observed

Presenting questions for pupils

Inviting pupils to ask questions

Asking pupils to predict results of practical activities
Illustrating by using a range of examples

Illustrating by using practical activities

Relating newly learnt with previous concepts

Using the newly learnt ideas in new situations

Pupil initiated activity

Clarifying pupils’ ideas by using other examples

QR S|w|w| T

Based on the experience of the researcher as a teacher educator, teacher actions
such as: relating new concepts with previous ones, inviting pupils to ask
questions, ha;'ing pupil initiated activity, and teaching related topics that were not
found in the textbook were very uncommon, if not non-existent, among student-
teachers or teachers with an arts background. On the whole, the student-teachers
in the study shared considerations that relate to teaching science based on a
constructivist view of learning. It appears that the Curriculum Studies module
had influenced the student-teachers not only in their views of teaching and

learning but also their classroom practice.
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6.2.4 Perceived influences of the constructivist view of learning on teaching

Having described the lessons taught as perceived by the student-teachers
themselves (6.2.2), from the records of the lesson observation (6.2.3), this section
describes the perception, of the student-teachers about teaching science with a
constructivist view of learning.  The following question was raised in the

interviews:

How do you feel about having to teach science topics with a
constructivist view of learning?

After the experience in the teaching practice, the eleven student-teachers
interviewed had different positions about the influence of the constructivist view
of learning in their own teaching (Table 6f). Six out of the eleven who had taught
science topics in the teaching practice suggested that they have taken into
consideration pupils’ preconceptions as they taught. Two thought that their
teaching was less bounded by the textbook. Three others described it as a
workable way of teaching and these student-teachers did make a number of efforts
to engage pupils in thinking in the lessons observed. In summary, there were
positive, neutral and negative views. Positive aspects of what the constructivist
view of learning means for teaching were more frequently mentioned. These
include relating the constructivist view of learning to teaching as taking into
consideration pupils’ preconceptions, making one’s teaching more pupil-centered,
giving more consideration for the arrangement of topics, and the ways to represent

abstract ideas. For example:

I arrange the concepts in a logical sequence...It is helpful to
arrange the topics in a logical sequence. By being more aware of
the pupils’ changing concepts, I can better organise the teaching
scheme. (Ei3)

In my previous teaching practice, I followed the text more closely
and did not consider pupils’ preconceptions. This year I am more
aware of what pupils already know and may skip the basics. I
choose the more detailed concepts and I do not follow the sequence
in the book. I consider what pupils know about human
(reproduction, the previous topic) when I teach about (the
reproduction of) plants. I relate their concepts and plan the whole
topic. I have more considerations as I plan. I consider how to
represent abstract ideas by using more concrete examples such that
the pupils may find it easier to understand. (Ci3)
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I try to think from the point of view of the pupils. From their
perspective, I correct what they think and add on to what they
already knew. My teaching is at least more pupil-centered. (Gi3)

These student-teachers had given more thought to the topic sequence, pupils’

preconceptions, and building up pupils’ concepts. These considerations are

uncommon in “typical” science lessons in Hong Kong.

Table 6f The relationship between the constructivist view of learning with
teaching as perceived by the student-teachers

(N=11)
How the student-teachers think the constructivist view of Occurrences
learning may influence their own teaching in the
interviews
Positive comments
Take into consideration pupils' preconceptions 6
Workable way of teaching 3
May not follow the textbook 2
Consider how to represent abstract ideas by concrete examples 1
Arrange topics in a logical sequence 1
Teaching becomes more pupil-centred 1
Ask pupils to conclude their answers 1
Neutral Comments
Would consider different teaching approaches 1
Consider the nature of the topic 1
Would work if know the pupils better 1
Concerns
A difficult concept 1
Not enough time to find out pupils' preconceptions 2
Hard to require the whole class to think, some are reluctant 1

Neutral views like considering a number of teaching approaches and depending
on the nature of the topic were also mentioned. Others pointed out the limitations
in the classroom context such as insufficient time available for teaching and
finding out pupils’ preconceptions, and the reluctance among the pupils to think
and their difficulty in understanding the concepts. The reluctance among the

pupils to think and the limited time available were described:

(Do you think your pupils really think in class?) Some of them do,
some do not. If you can arouse their interest, they are better. It is
hard to require the whole class of pupils to participate. It is hard to
require the whole class to think; some may not be interested.
(Mi3)

I would ask them how much they know before I teach and decide
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what to teach afterwards. I hope that I can do this. However, there
is limited time and even if I have the information, there is not
enough time to cover it. The pupils may not cooperate. It is
important to know their preconceptions and teach accordingly,
however, in reality, I don’t have the time to find out these
preconceptions. (Di3)

From the proportion of positive comments, it appears that the Curriculum Studies
module influenced the student-teachers to have more consideration of pupils'
preconceptions, to design their own topic sequence and not to be bounded by the
textbook. Moreover, there were considerations about other teaching strategies
that they knew of and the contextual situations, such as the nature of the topic and

the knowledge about the pupils.

6.2.5 Summary

During the teaching practice period, the student-teachers’ descriptions about how
the lessons were prepared reflected a number of contextual concerns (like time,
classroom management, safety and pupils’ ability) as they attempted to put what
they have learnt about science teaching into the classroom context. These were
new concerns that were not mentioned in previous interviews. Moreover, nearly
all of them related consulting colleagues or peers as an important part in planning.
These suggest the importance of the contextual influence on their teaching and
how they valued professional discussions. The teaching strategies that were
employed by the student-teachers correlated closely with those advocated in the
Curriculum Studies module about getting pupils to think, helping pupils to link up
concepts and apply newly learnt ones. Teaching was found not to be tightly
bounded by the textbook, nor trying to catch up with teaching schedules, but was
seen as adjusting the content and topic sequence in view of pupils’.
preconceptions. Pupils were encouraged to ask questions and to participate in
activities. These are opportunities that facilitated interactions between the teacher
and the pupils as well as interactions between the pupils to occur. A large
proportion of the student-teachers (six out of eleven) identified their teaching with
a constructivist view of learning and they observed noticeable differences in their
science teaching when compared with the teaching practice of the previous year.

This may be interpreted as the influence of the Curriculum Studies module as an
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intervention in the present study.

6.3 Science learning in the lessons observed

This section describes the science learning of the pupils in the lessons observed.
The first part is an analysis of the learning conditions and the second portrays the
learning outcomes as perceived by the student-teachers. The findings reported
were obtained from the field notes, lesson observation records and the interviews

with the eleven student-teachers during and after the teaching practice period.

6.3.1 The learning conditions

In the present study, it is important that the student-teachers found that teaching
science based on a constructivist view of learning could actually result in better
learning among the pupils. The learning conditions in the science lessons
include the motivation to learn, enjoyment of the pupils, and social support in
learning through pupil-pupil interactions. The teacher-pupil interactions were

described in the previous section 6.2.3.3 as the lessons observed were analysed.

In order that learning can occur, three of the student-teachers found that there
must be a change in the attitude or the learning style of their pupils. For

example:

The activity may be dominated by one or two pupils. Another
problem is that they like to find out answers from the textbook.
There may be things that they don’t know but they don’t want to tell
you. (Ci3) (see Chapter'3, Section 3.4.2 for details on the coding)

These are very simple but they are not too serious about it. If they
try to think, they can find out some ways of reusing a bottle. (Di3)

If you can arouse their interest, they would be better. It is hard to
require the whole class to participate. It is hard to require the
whole class to think, some may not be interested. (Mi3)
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Among all the lessons observed, the researcher noticed that the pupils were in
fact interested during the group activities, the demonstrations or the group
discussions. Among eight of the lessons, there were signs that the pupils were
enjoying the lesson. These included volunteering to participate in the
demonstrations and to answer questions. Two of the observed lessons were

found to be particularly enjoyable for the pupils:

The teacher warned the pupils not to eat the fruit during the
activity.... Some pupils played with the orange and squeezed the
juice from it. The pupils said that they were trying to find the
seeds. Some pupils have finished or wrote their findings on the
blackboard. The pupils had a good time trying to smell, cut up and
even taste the fruit. (Kon 5)

The teacher asked the pupils to divide into groups of 4 to 5 and
draw the various kinds of landscapes they think is present on earth.
... The pupils drew buildings, trees, ferries, cars, swings, waterfall,
farmland and other geographical features including: oceans, low
land, plateaux, deserts, volcanoes, hills and rivers. Some were
drawn with colours on the picture. The teacher collected the
pictures and commented that they were good. (Ion 4)

In three of the lessons, the pupils were restless and the student-teacher could not
maintain their attention when he/she was conducting the discussion with the
whole class. Even so, in one of these three lessons, the teacher was still able to
obtain responses from pupils and the whole class discussion was meaningful. In
the other eight lessons observed, the pupils were able to offer constructive
answers to the questions raised by the student-teachers. The pupils were asked
to report their observations during the demonstrations or the group activities, to
explain what they had observed, to apply the ideas they have learnt, to represent
their ideas in drawings, and to predict the results of the practical activities or the

demonstrations.

In nine of the lessons observed, the student-teachers used group discussions to
get students thinking. Eight out of the eleven student-teachers included this as a
means of making pupils reflect on the content. The other three student-teachers
were observed in lessons when they had classroom management problems and
did not implement group discussions. It was apparent to the researcher that the
pupils enjoyed the discussion and were mostly able to arrive at meaningful

conclusions after the discussions. Four of the group discussions were framed by
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worksheets, with the student-teacher providing worksheets before the lessons to
guide the pupils. These kept the pupils on task as well as provided a guideline
for reflection. The student-teachers reflected on the effectiveness of the

discussions. For example:

My pupils do not like to tell what they think in class. It is very
boring if I do all the talking in the lesson. Some of the pupils talk
among themselves (about other things not related to the lesson). I
set the questions in the worksheet and I want each of them to
participate. (Di3)

I guide them to find out the conclusion through the discussions. I
would not tell them the answers directly. I want them to think
about it based on what was learnt in the previous lessons, and think
about what should be added on to in the present lesson.
(suggesting a development of pupils’ concept) I do not use a direct
way of telling them but use an indirect way. They have to think
before I tell them. (How far have you achieved your aim?) I think
I have achieved what I planned. (How about making them think?)
I believed that they have discussed though some may refer to the
textbook afterwards. (Hi3)

I use discussion cards and provide also matching options for them.
If you just asked them to discuss, they cannot make it. They need
more guidelines and hints. They can then choose and complete. I
also give them pictures. They have low ability. I have to force
them to think and they are not so used to it. (Li3)

Other student-teachers used pictures, practical activities or activities such that
discussion became part of the group activities. A student-teacher reflected on

how the activities have helped pupils to think.

I would give them some pictures as a stimulation for thinking. The
visual stimulus can make the message less abstract in comparison.
There are also chances for them to have hands on experience.
Through these, there will be more questions for them to think
about. After the experience, they have more basic understanding,
then more questions about the topic can be raised. (Ki3)

The student-teachers made good use of the discussion cards, worksheets or
pictures to guide their pupils to reflect, think about the topic and keep them on
task. They were also able to follow on pupils' ideas as a lead into further
investigations into the topic. The use of group discussions and the interactions
between the pupils were valued by the student-teachers who have tried various
strategies to keep the discussions meaningful and focused. In this way, the

sociocultural environment had been managed by the student-teachers to maximize
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the opportunities for construction of new ideas to occur.

6.3.2 The learning outcomes

While the student-teachers were able to identify the learning conditions that
helped their pupils to learn, they also related a number of learning outcomes that
indicated better learning in their pupils. The learning outcomes that the student-
teachers expected from their pupils include: being attentive in making
observations and being able to explain them by applying what was learnt. Four
student-teachers described how they expected the science learnings to have an

impact on the pupils:

They are interested to know and learn about how the earth moves
and other things like the satellites. This can be applied as they
talked to their classmates and their parents. For example, they are
able to understand why volcanoes and eclipses occur as they watch
the news. They can explain the phenomena with what they have
learnt from the lessons. They will talk about this in their daily
conversations. (Ii3)

The pupils will apply these (the concept of heat and transfer of
heat) in their daily life experiences. There are kettles at home, they
have to hold their cups. I can ask them to observe things around
them e.g. see the gaps in between the concrete blocks and observe
the rail of the trains. (Ji3)

I can tell the pupils to be more observant at home. It would be
interesting to ask them to study the orange or flower whenever they
have one in their hand. (Ki3)

I have used questions and what they have learnt in the previous
three lessons as a basis. From then the activities help them to
apply them in explaining objects that they will find in their daily
life experiences. (Mi3)

One of the student-teachers also used the quality of questions raised by their

pupils as an indication of their learning:

I give them some questions, they think about it and tell me what
they have figured out. The pupils may then raise some questions
and ask me. ..They ask funny questions. It depends on their
motivation, if they are just making tricks on me, I throw the
question back to them. If the question is meaningful, I share it
with the whole class. I encourage them to ask more questions.
(Ki3)
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Three of the student-teachers also regarded the ability of their pupils to apply the
new concepts in new situations and being able to distinguish between ideas as an
evidence of learning. The student-teachers described how they provided

opportunities for pupils to apply what they have learnt:

I asked them where the shadow is if the sun is directly above, and
the difference if the sun is on the west. They can tell that the
shadow is on the ground and next to the person. However, they
cannot express the fact that the shadow was elongated. It seems to
be too difficult for them if I make this too detailed. (Bi3)

In the topic of magnetism, there is a sub-topic on the application of
magnetism. I have done a demonstration on the attractive force of
the magnet. In one of the activities, I pretended that I had dropped
all the paper clips on the floor and asked the pupils how I could
pick them up. Some of the pupils were able to apply the idea of
attraction and use a magnet to attract them. (Bi3)

I bought some magnets for the pupils and asked them to design
some toys with them. The pupils do make use of the principles of
attraction and repulsion to make some games e.g. fishing and
attraction through a piece of paper. (Ei3)

To be able to distinguish the similarities and differences between science
concepts was also seen as a way of reflecting pupils’ learning by two of the

student-teachers:

I would try to find some examples that are not attracted by
magnets. They can discover that not all metals are attracted. They
discover their own mistakes. ...Pupils do think that all the
transparent things are colourless. I then bring in transparencies
that are coloured. The pupils can now distinguish between
colourless and transparent. (Ei3)

I provide some examples and asked them to distinguish what is
oviparous or viviparous; external or internal fertilisation. They can
revise on the topics and then classify the animals by the ways of
reproduction. (Ci3)

The learning conditions include a number of changes among their pupils, namely
their attitude towards learning, developing an interest in science, and being able to
share their ideas with others. Moreover, the ability to apply science concepts in
new situations, to ask questions, and to be able to distinguish similarities and

differences between science concepts were counted as positive learning outcomes
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of the lessons. The student-teachers had therefore seen better learning among
their pupils as they teach science based on a constructivist view of learning. It
may be interpreted as an important condition for the student-teachers to continue

their endeavor to teach science based on a constructivist view of learning.

6.4 Perceived problems and influences during the teaching
practice period

The previous section in this chapter has described what the teaching was like in
the teaching practice period. In this section, the student-teachers’ perceptions of

the problems and the influences that may affect their science teaching are

described.

6.4.1 Perceived problems in teaching science

The findings described in this section were obtained from a questionnaire survey
(Appendix C4) among the 20 (out of the whole group of 39) student-teachers who
taught science topics during the teaching practice period. They were invited to
rate the degree of difficulty that they experienced in relation to six tasks:

e understanding pupils’ preconceptions

e having sufficient science academic knowledge

e conducting activities

e conducting practical activities

e classroom management

e stimulating pupils to think.

"In the interviews before and after the student-teachers studied the Curriculum
Studies module, they mentioned that they were concerned about these tasks
(except classroom management) in their lesson preparation. The item classroom
management was added as the researcher perceived that this may have a
significant impact upon the student-teachers’ teaching as observed in some of the
lessons. The ratings were made from a 0, 1 to 5 scale with 0 meaning no

difficulty, 1 indicating little difficulty and 5 indicating extreme difficulty.
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The student-teachers did not think that they experienced too much difficulty with
teaching science, as the mean rating for the items for perceived level of difficulty
were low to medium, ranging from 2.25 to 2.60 on a 5-point Likert scale (Table
6g). Comparatively, their perceptions of difficulty in teaching science were more
associated with conducting practical activities, stimulating pupils to think,
conducting activities (e.g. discussions, games), and classroom management, than
with having sufficient knowledge and understanding pupils’ misconceptions. The
difficulty of conducting practical activities is comparable with that for stimulating
pupils to think, although the former was perceived to be at a higher level of
difficulty (Figure 6a). Given the physical limitations of the primary classrooms, it
was not surprising to find that the student-teachers perceived conducting practical
activities as a difficult task. Above that, these student-teachers did not have a
science background in their secondary education and this may lead to more
concern about conducting science practical activities than with other activities.
Classroom management was not perceived to be a serious difficulty for the
student-teachers. This may be due to the fact that these student-teachers were
already in their second teaching practice and that their concern had shifted from
emphasis on classroom discipline to attracting pupils’ attention to learning.
Understanding pupils’ preconceptions was perceived to be relatively easy for the
student-teachers as the module included a number of ways to identify pupils’
preconceptions, and one of the assignments was to investigate pupils’
preconceptions on a certain topic. However, stimulating pupils to think seems to
be a more difficult task as the pupils in primary schools are more used to
memorisation, and listening to the teacher. Together with the tight teaching
schedule, in general, few primary teachers in Hong Kong would normally attempt
to do much to stimulate pupils to think. Although the student-teachers attempted
a number of ways to engage pupils in thinking in the lessons (as reported in
sections, 6.2.1, 6.2.2 and 6.2.3), the results in this part showed that the student-

teachers did experience a certain degree of difficulty in these attempts.
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Table 6g Perceptions of the level of difficulty of conducting various tasks in the
teaching of science (among student-teachers who have taught science topics in
their teaching practice).

(N=20)

Task Mean
Understanding pupils’ preconceptions 2.25 (1.48)*
Conducting practical activities 240 (1.10)
Classroom management 2.45 (1.28)
Having sufficient science academic knowledge 2.50 (1.49)
Stimulating pupils to think 2.55 (1.23)
Conducting practical activities 2.60 (1.14)

* Values in brackets are S.D.

Stimulating pupills to think
O Experience extreme difficulty
Classroom management

M Difficult

Conducting practical activities

B Experience slight to
moderately difficulty

B Having no problem

Conducting activities

Having sufficient science academic knowledge

Understanding puplls’ preconceptions
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Figure 6a Problems in teaching science as perceived by the student-teachers after
the teaching practice
(N=20)

6.4.2 Influences on teaching the planned lessons

The views about planning science lessons changed after studying the module, as
discussed in section 5.4.1, and the student-teachers intended to include a number
of considerations based on the constructivist view of learning in their planning
before the teaching practice period (section 6.2.1). However, whether these
intentions can be put into practice depends on a number of factors (Table 6h). In

the interviews with the eleven student-teachers, they were asked to describe
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perceived influences on their science teaching during the teaching practice. Their

responses can be grouped into two main categories. There are factors associated

with the teaching context, such as the classroom discipline (6) and the ability (3)

and attitudes of the pupils in learning (3). One of the student-teachers

problem with classroom discipline:

had serious

I think the discipline problem is more influential. My activities are
all feasible and can attain the learning objective. However, the
pupils are too restless and it is too noisy. It influences the
effectiveness. I do not even know what I am doing. Pupils run

around and do not participate. (Bi3)

Table 6h Influences on the effectiveness of the planned science
perceived by the student-teachers
(N=11)

lessons as

Influences as perceived by the student-teachers in achieving their |Occurrences
intentions to teach science based on a constructivist view of in the
learning interviews

Influences related to the classroom or school context

Discipline problems

Attitude of pupils in learning

The ability of the pupils

Physical settings of the classroom

Resources available

Teaching method of the original subject teacher

What pupils already know

The requirements of the school

Time available

W= = [N W[ WO\

Influences related to the content of teaching

The relevance of the topic to daily life experiences

Whether the practical activity is successful or is interesting to the
pupils

N —

Pupils asking out of scope questions

[

Teacher competence

P

The second most frequently mentioned influence (by three student-teachers) was

the attitude of the pupils to learning, and their ability. For example:

Sometimes they are very attentive but sometimes they don’t care
what you are doing. It has a very great impact on me. You know
very quickly in the first five minutes. I have an experience that
they could not sit down in the first ten minutes. (Di3)

Three student-teachers have also reported how they adjust their teaching

according to the ability of the pupils. For example:

Sometimes there will be a discrepancy between what the pupils
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really know and what I expect. If they know more than I expect, I
can teach in more detail. (Ki3)

The response of the pupils, for example, if they all know that the
earth is slightly flattened, then there is not much to be taught on
this part. This will also influence what should be taught later. (Ji3)

Another described how she attempted to change the attitude of her pupils:

I have asked them to complete a worksheet and think about what is
their attitude towards rubbish treatment. These are very simple but
they are not too serious about it. If they have thought, they can
find out some ways of reusing a bottle. Their ability is low and
they are reluctant to think. I force them and help them. They did
not hand in their work as they dont know how to do it. I forced
them to hand in and answer questions in class. I also give them a
lot of opportunities to think in class by asking them questions. I
make them participate and not play in class. (Di3)

The above factors were mainly concerned with the pupils’ ability and attitude,
which make up the classroom context. Another group of factors in the same
category was related to a wider school context that includes: whether pupils could
adapt to the teaching style of the student-teacher within the short period of time in
the teaching practice, the constraints imposed by the school, such as requirements
for homework and the teaching schedule. Two student-teachers also found the
teaching style of the original class teacher had an influence over their teaching.
The pupils expected them to teach in much the same way while they were trying

to teach in a different way. For example:

Their previous habit in learning also affects the situation. They
rely much on me to tell them how to do the workbook. (Li3)

The teaching method of the original class teacher also had an
influence on my teaching. It takes time for the pupils to adapt to
my teaching and in grouping the pupils, how to move the chairs
and sit in groups. I have to consider how she taught before. (Hi3)

Two student-teachers described how the physical settings of the classroom, and

the time and resources available influenced their teaching.

Due to the environment in the classroom, the practical activity did
not work in the air conditioned room. The matches did not light
and I had to heat the rods with a lighter. The butter on the glass
rod did not melt, only those on the metal rod melted (meaning that
the butter on the glass rod should melt eventually though much
slower than that on the metal rod). The environment is a limitation
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even if you have good preparation. (Mi3)

The size of the classroom limited the area of my movement. I
could not really walk around the class to help them during the
activity. The school announcements interrupted my teaching.
Sometimes I could not find the resources or the models for
illustration. (Ci3)

Resources, for example, I hoped to show the pupils more pictures
but I could not find them. I didn’t have samples of different types
of rocks and I could not show the pupils. This made the lesson less
interesting. (Ii3)

Three of the student-teachers described how they were anxious to keep up with

the teaching schedule and that they could complete the topics within the given

time period. For example:

Time is limited and the content cannot be left for the next lesson.
(Li3)

Sometimes pupils may ask questions out of the scope. This affects
the timing of the lesson. This class of pupils has a lot of questions
to ask. Generally, the pupils in this school are like this. It is good
to ask questions but I would prefer to finish what I have to cover
first. (Ji3)

The second category of factors is more concerned with the teacher’s competence
in relating the content with daily life experiences, in answering pupils’ questions,
and in conducting practical activities successfully. Two student-teachers raised

the concern about designing practical activities and getting pupils interested

during the practical activities:

I have to be very careful about performing practical activities as
well so that there will not be “unexpected” results. There are times
that the design turned out to be problematic during the lesson.
These may create wrong concepts among the pupils. I have to be
careful about the design. (Ei3)

If I am not familiar with the plan and the content, it affects the
fluency of the teaching....Sometimes the practical activities are not
attractive for the pupils. They may find it too easy and they know
the results already. This is out of my expectation. (Ki3)

One mentioned the dilemma between letting pupils ask questions and the worry

that he did not have sufficient information to answer the questions:

Sometimes the pupils may ask questions out of the textbook. This
affects the timing of the lesson. This class of pupils has a lot of
questions to ask. Generally, the pupils in this school are like this.
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(Do you like them asking questions?) It is good to ask questions
but I would prefer if I could finish what I have planned to teach
first. I am also afraid that I cannot answer their questions, as my
preparation may be inadequate. If I have all the information, then
there is no problem. The teacher (I) may not be too familiar with
the content. (Gi3)

The concern for academic content remained and this can be interpreted as related
to the arts background of the student-teachers. A number of influences were
identified by the student-teachers. Soicocultural factors that shape the culture of
teaching and learning in school may impose a number of limitations that teachers
have to face or solved though the degree of difficulty may vary within different
school contexts. These include: classroom management, the physical setting of
the classroom, and the time and resources available. Comparing the two groups
of factors, concerns with the context were more frequently mentioned than
concerns with the content of teaching. This can be understood, as the student-
teachers may solve the problem related to content by reading up references, while
the influences from the school context may be largely out of their control. As the
student-teachers came to practice what they learnt, the classroom context, the

school culture and the learning of the pupils became their major concerns.

6.4.3 Summary

From the findings in the quantitative and qualitative part of the study, the student-
teachers did not experience serious difficulties in science teaching based on a
constructivist view of learning. = The low ratings in the questions of the
questionnaire are consistent with the low frequency of student-teachers who
mentioned the difficulties in the interviews. Despite this, the findings in the
interviews suggest four major areas where the student-teachers experienced a
certain degree of difficult); in their science teaching. The first area was classroom
management, which was found to be a concern for six of the eleven student-
teachers. This made conducting practical activities and group activities more
difficult in the primary classrooms. The second area was about getting pupils to
think. The attitude of the pupils to learning, their established learning habits with
the original class teacher, and the ability of the pupils, were all found to be
influencing the pupils’ engagement in thinking during the science lessons. These

two areas may be taken as sociocultural factors related to the classroom context:
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pupils, learning habits, and other teachers’ teaching style. These factors may
influence the science teaching of the student-teachers. Thirdly, the student-
teachers were concerned about their academic background knowledge in science.
They shared concerns about answering pupils' questions, relating the topic to daily
life experiences and having sufficient knowledge to conduct successful practical
activities. This factor is associated with the previous learning experiences and the

background of the student-teachers.

6.5 Feelings about teaching science in school

The development of confidence in teaching science can be taken as the personal
development of the student-teachers. Moreover, an increased confidence may
also mean that the student-teachers are more ready to implement the strategies
introduced in the Curriculum Studies module. While the student-teachers’
confidence may be understood through the interviews, their belief in their ability
to facilitate pupils’ learning through their teaching can be represented by measures
of Science Teaching Efficacy Beliefs. The notion of Science Teaching Efficacy
Beliefs is related to the sociocultural view of learning as it represents the purpose

and motivation of teaching (Section 2.4.3).

6.5.1 The Science Teaching Efficacy Beliefs of the student-teachers

After the teaching practice, the Science Teaching Efficacy Beliefs questionnaires
were mailed to the 39 student-teachers and a reminder was sent to the non-returns
after one week. A total of 27 questionnaires was collected and among them 20
had taught science in their tea(;hing practice. The response rate was around 75%,
which is above the norm for mail questionnaires. Table 61 is a summary of the

number of respondents in the quantitative part at the various phases of the study.

The Science Teaching Efficacy Beliefs (STEB) instrument (Appendix C2)
measures the Personal Science Teaching Efficacy Beliefs value and the Science
Teaching Outcome Expectancy value. The alpha reliability values of the Science

Teaching Efficacy Beliefs instrument was found to have a value of 0.59 and 0.78
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before the commencement of the module and after the teaching practice
respectively. Higher values in each or both of them indicates that the respondent
is more confident in science teaching. From the Personal Science Teaching
Efficacy Beliefs and the Science Teaching Outcome Expectancy values, the
student-teachers were more confident in teaching science after the teaching
practice. The student-teachers had significantly higher personal science teaching

self-efficacy and outcome expectancy after the teaching practice (Table 6j).

Table 61 Number of respondents for the measurement of Science Teaching

Efficacy Beliefs (Appendix C2) before studying the Curriculum Studies module
and after the teaching practice

Phase Number
Before studying the Curriculum Studies module 39
After the teaching practice 27
Student-teachers who taught science during the teaching practice 20

Table 6j A comparison of the Science Teaching Efficacy Beliefs value in the
present study and those obtained in previous studies

Before After the |De Laat and Watters |Riggs and
taking the [teaching [(1995) Australia Enochs
module practice (1990)
N= 39 N=20 USA
Personal Science 38.77 (5.18) [42.23 49.6 (range 33-62) 56.54
Teaching Efficacy (7.06) ** |S.D.59
Beliefs
Science Teaching 3426 (4.02) |(39.19 33.9 (range 20-44) 48.09
Outcome Expectancy (8.47)** |S.D.5.6

** p<0.01 Values in brackets are S.D.

This means that the student-teachers believed more strongly in their own
competence to teaching science and in effectively positive learning outcomes in
their pupils after the teaching practice. Compared with the mean values from
other studies of primary student-teachers in Australia (de Laat and Watters, 1995)
and the USA (Riggs and Enochs, 1990), the mean values for Personal Science
Teaching Efficacy Beliefs is still fower, but that for Science Teaching Outcome
Expectancy is higher than the Australian study. Although the values were still
lower, the increase was significant and comparable with that of the Australian
study.  Moreover, as reflected by the student-teachers, the confidence was
comparable to that of teaching other topics in the General Studies curriculum and
for some (65%) it was also comparable to teaching Chinese, the subject that takes

up the largest amount of time in the teacher education programme (Table 6k).
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Table 6k Perception of the student-teachers who have taught science topics in
their teaching practice, (N=20) in their confidence to teach science after the
teaching practice

(Appendix C4)
Has increased after the |Has not increased
teaching practice after the teaching
(percentage) practice
(percentage)
Confidence to teach science 96.3 3.7
Confidence to teach science Higher Same Lower
Compared with confidence to 20.0 70.0 10.0
teach other topics in the General
Studies syllabus
Compared with teaching Chinese |20.0 45.0 35.0
Compared with teaching Maths 40.0 35.0 25.0

A paired sample t-test was conducted to compare the response in the Science
Teaching Efficacy Beliefs instrument. Out of the 25 items in the Science Teaching
Efficacy Beliefs instrument, 8 items showed a significant difference among the
respondents before studying the module and after the teaching practice (Table 61).
These items showed that the respondents had more confidence with teaching
science, knowing more about how to engage pupils in activities, knowing that
their effort would take effect, and having comparable confidence in teaching
science as in other topics. Their lack of knowledge about science concepts also
contributes to the low confidence level before taking the module, as reflected by
the mean values of items 8 and 12. However, after the teaching practice, this
worry about content was lowered. The student-teachers had a more positive belief
that their teaching was responsible for pupils’ achievement and found themselves
being able to help pupils experiencing difficulties after the teaching practice. As
reflected by the increase in mean value for item 21 in Table 6l, they had
confidence that their science teaching was good enough to be evaluated by the

principal.

Considering the changes in the Personal Science Teaching Efficacy Beliefs and
the Science Teaching Outcome Expectancy values on a case by case basis shows
that more than half (54%) of the student-teachers experienced a gain in the sum of
personal science teaching efficacy beliefs, while 85% showed an increase in the
sum of outcome expectancy beliefs after the teaching practice. This means that
the student-teachers held more strongly to their belief that their teaching can effect

positive learning outcomes in their pupils than before. Comparatively speaking,
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this belief in effecting learning outcome was stronger than their belief in their own
competence of science teaching.  In other words, they shared the view that the
pupils could learn better but that they were not as confident comparatively in their
own teaching. Learning among the pupils was thus seen as being influenced by

other factors besides their teaching.

Table 61 Items in the STEB instrument that shows a significant difference before
studying the module and after the teaching practice

Items in the STEB Mean S.D. |Mean after | S.D. [F value
before the
taking teaching
the practice
module
(N=39) (N=20)
3. Even when I try very hard, I (2.65 0.69 |3.50 0.81 4.67***
do not teach science-related
topics as well as I do most
topics. *
5. I'know the steps necessary |2.85 0.16 [3.31 0.68  |2.48*
to teach science-related
concepts effectively.
8. I generally teach science- |3.12 0.82 3.77 0.65  |5.30***
related topics ineffectively. #
12. Tunderstand science 2.50 0.81 3.00 0.80 |2.31*
concepts well enough to be
effective in teaching science
topics at the primary level. #
14. The teacher is generally 3.35 0.75 3.65 0.80 |2.54*
responsible for the
achievement of students.
21. Given choice, I would not |2.84 1.07 3.36 0.91 2.59%
invite the principal to evaluate
my science teaching. #
22. When a student has 3.04 0.98 3.48 0.77 2.29%
difficulty understanding a
science concept, I am usually
at a loss as to how to help the
student understand it better. #
24. Ido not know whattodo |(3.00 0.82 [3.64 0.70  [2.87***
to get students engaged with
science. #
* p<0.05 ** p<0.01 %% pc0.005

Comparing the Personal Science Teaching Efficacy Beliefs values obtained before
the module and after the teaching practice (Figure 6b), the difference in the values

among individual cases ranges from a gain of 17 to a decrease of 19 points. The

* Negatively worded items have been recoded such that a higher mean value indicates
higher science teaching efficacy beliefs.
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difference in values for the Science Teaching Outcome Expectancy among
individual student-teachers ranges from a gain of 14 to a decrease of 14 points
(Figure 6c). The range for the difference in the Personal Science Teaching
Efficacy Beliefs values is 4 points wider than that for Science Teaching Outcome
Expectancy (comparing Figure 6b and 6¢). Hence, though the trend for the whole
group is an increase in confidence level, there were two individual student-
teachers who had particularly negative changes in Personal Science Teaching
Efficacy Beliefs values and one of them also had negative changes in the Science
Teaching Outcome Expectancy value. As the questionnaire was anonymous, the
researcher could not identify the individual who experienced such negative
changes. The explanation was made based on a postulation that the student-
teacher may have had much difficulty in teaching science during the teaching
practice. On the whole, the student-teachers experienced a significant increase in
their confidence to teach science, and the amount of change depends on individual
situations, their perception of learning in the Curriculum Studies module, and

their experience in the teaching practice.

Frequency

Difference In values

Figure 6b Difference in Personal Science Teaching Efficacy Beliefs values before
and after the teaching practice
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Frequency
N
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D>

7

Ditference in values

Figure 6c¢ Difference in Science Teaching Outcome Expectancy values before and
after the teaching practice

After the teaching practice, the responses from the student-teachers suggested an
increase in confidence to teach science (96.3%) as shown in Table 6k. This
corresponds to the significant increase in the Personal Science Teaching Efficacy
Beliefs values after the teaching practice. A comparison of the confidence to
teach science and other topics reveals whether the initial impression of having
much worry about science teaching persists among the respondents. Over 90% of
the respondents found themselves to have higher or similar confidence in teaching
science topics as in other topics in the General Studies curriculum. As the subject
Chinese takes up the largest amount of curriculum time in the teacher education
programme, most of the student-teachers found this subject easier to manage and
there were clear or well defined methods of teaching it. Around 65% of the
respondents had higher or similar confidence in teaching science as in teaching
Chinese. It is important that the student-teachers do not find science to be
particularly difficult to teach as compared with other topics in the General Studies
so that they will not try to avoid teaching it in future and this deprive their pupils

of a chance to learn science.

The figures of the Personal Science Teaching Efficacy Beliefs, the Science
Teaching Outcome Expectancy values and the percentages about the confidence
levels to teach different subjects in the primary curriculum are consistent with
each other. There was an overall increase in the level of confidence. The beliefs

that one is more competent in teaching science and that one’s teaching can effect
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positive learning outcomes was stronger.  The student-teachers were more
confident that their pupils experienced better learning, though they were
comparatively less confident about their own teaching. Individual experiences in
the teaching practice, and learning experiences may have some influence over the
student-teachers’ confidence to teach science. All in all, the majority of the
student-teachers became equally confident in teaching science as other topics in
the General Studies curriculum as well as Chinese. It appears that the
Curriculum Studies module and the teaching practice had an influence on the

student-teachers such that they become more confident in their science teaching.

6.5.2 Confidence to teach science in school

In the present study, the change in the confidence to teach science is taken as a
form of personal development. The change may be interpreted as a result of the
learning experience of the student-teachers in the second year of their teacher
education programme. The feelings of confidence to teach are described in
comparison with those from the interviews held before and after the Curriculum
Studies module. These findings also support the quantitative results and provide
explanations for the changes in the Personal Science Teaching Efficacy Beliefs
and Science Teaching Outcome Expectancy values described in the previous

section.

In order to find out the student-teachers’ concerns, the question “How do you feel
about being a science teacher?” was used in the interviews. Before the student-
teachers took the module, the interview findings suggested that the student-
teachers (13) shared a number of concerns about science teaching, and only two
méntioned positive feelings (Section 4.5). Their concerns ranged from their
content knowledge, answering pupils’ questions, conducting practical activities,
and helping pupils to understand the content. After taking the module, five
reported that they found the subject interesting to teach, and three felt themselves
to be different, as they knew more about science teaching (Table 6m). However,
the concern over science content persisted and eight felt a lack of sufficient
academic background. After the teaching practice, eleven out of the thirteen

student-teachers (as they had a chance to teach science topics in the teaching
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practice period) were interviewed again. Their confidence in teaching science
continued to grow as shown by the increased number of student-teachers
mentioning this point (8), and more (4) felt that they had a sufficient academic

background (Table 6n). One reported on a better control of the pace of teaching:

I think teaching science topics is more interesting.... I have greater
confidence this year. Ihave a better control of the pace of teaching
this year. I can estimate the time needed for practical activities
rather than just using discussions. (Bi3)

Table 6m Student-teachers’ feelings towards being a science teacher after studying
the module

(N=13)

Student-teachers’ feelings towards being a science teacher Occurrences
in the
interviews

Positive comments

Feel different for having more knowledge in science teaching

3
Feel happy to be a science teacher and regard this as a recognition/ 5
Confident to be a science teacher

Feel that they have sufficient science background for teaching at 3
primary level
Have an interest in science 1

Negative comments

Don’t have much knowledge of science

O\ oo

Need more experience in teaching science

Table 6n Confidence to teach Science after the teaching practice
(N=11)

Perceived confidence to teach science Occurrences
in the
interviews

Positive comments

Found it more interesting to teach science

Had greater confidence

Had better control of pace of teaching

Able to tell if pupils are participating

Had sufficient knowledge in teaching the topic

Occupying pupils to think is effective

Being more aware of what pupils think

bt | et | et | | e | e | QO DO

Pupils had better response

Negative comments

Not much confidence

Depend on the time available for lesson preparation

Need to read more on the topics

Need more experience to find the way out

Influenced by discipline problem

Perceived a problem to conduct practical activities

P | et | et | e | N NI | et

Prefer to teach the upper primary
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Another suggested that pupils had a better response in the lessons:

I think that GS (General Studies) is easier to teach. There are
practical activities in the topics and the pupils have a better
response. It feels easier to teach. (Mi3)

Arranging practical activities increased the participation of pupils and this led to a

better estimation of the pupils’ learning:

In the practical activities, I can easily tell who is participating. The
learning outcome is more easily seen. I have greater confidence in
teaching General Studies than other subjects. I can better prepare
for GS (General Studies) lessons, there are activities and the pupils
are more engaged. It is more interesting. (Bi3)

Occupying pupils to think led to feelings of success in teaching science (was

mentioned by one of the student-teachers:

I didn’t have any confidence before I taught as the subject teacher
had told me that they had low ability.... Later I found out that
occupying them in completing worksheets or involving them in
thinking would be better. As I include more activities, they are
more occupied (in thinking) and it is better. (Di3)

Another reason for feeling more confident was attributed to being aware of what

pupils think:

I am more confident in teaching. Before I would just read the
teachers’ reference book, and would not be aware of what pupils
think. I would not know what are the ways to correct their
concepts or guide them to new concepts.... I now have equal
confidence in teaching science as in other subjects such as Chinese
and maths. I would not be less confident in teaching science. (E3)

Others (4) felt that they have a sufficient background in science.

I feel that I have sufficient knowledge in teaching human
reproduction. The difficult part is binary fission. I feel that I have
adequate knowledge about oviparous and viviparous reproduction.
I am confident in the basic parts. I would not feel helpless and
don’ t know how to teach when I am facing the topic. (C3)

In addition to what is learnt in the programme and the books from
the children’ s library, there is almost 80% confidence. Pupils
may ask (questions) and I can better explain from the perspectives
of the children. For example, pupils may ask how long it takes to
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walk around the earth. (I3)

After the teaching practice, the student-teachers experienced gains in confidence
with teaching science. The findings from the quantitative measures of the
Personal Science Teaching Efficacy Beliefs and the Science Teaching Outcome
Expectancy values and those of the interviews are consistent with each other. The
change when compared to their feelings before taking the Curriculum Studies was
significant (Section 4.5). Better learning of their pupils, more responses, being
able to get pupils to think, increased participation, and having control over the
pace of teaching have all attributed to the gain in confidence during the teaching
practice. Their worry for the subject content lessened. Moreover, the worry
about content may not be a genuine concern for the content itself but may also be
a reflection of their lack of confidence with the pedagogy as well. It appears that
the Curriculum Studies module with its emphasis on teaching science based on a
constructivist view of learning has influenced the student-teachers’ professional
development as well as personal development. The findings in the interviews
have also provided some explanations about negative changes or low increase in
the Personal Science Teaching Efficacy Beliefs and Science Teaching Outcome
Expectancy values in the previous section. These include a perceived lack of
academic knowledge and experience in science teaching; the contextual
constraints like classroom management; timing for the teaching schedule and in
conducting practical activities in the classrooms. While the perceived lack of
academic knowledge may be related to the past education experience of the
student-teachers, the factors concerning the school and the classroom may be
taken as sociocultural factors that shape learning and teaching in the school

context.

6.6 Summary

This chapter described the student-teaching experience of the student-teachers in
four main areas: teaching science with a constructivist view of learning; science
learning in the lessons; perceived problems and influences on the teaching, and

feelings about teaching science in school. The student-teachers' concerns during
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the stage of lesson preparation were more biased towards the school context (like
classroom management and pupils’ ability). Despite this, their preparations were
less bounded by the textbook and the teachers' guide as they reflected before the
Curriculum Studies module. They emphasized the importance of discussion with
peers during their preparation and the interaction between pupils as they learn in
the classrooms. The importance of interactions in their own development and
pupils’ learning were experienced and valued among the student-teachers. In
terms of teaching strategies, the student-teachers attempted a number of strategies
that were consistent with a constructivist view of learning. They were ready to
consider the preconceptions held by the pupils and in turn adjust their teaching,
which included re-arranging the topic sequence, teaching beyond the textbook
content, and being flexible in the timing. A number of ways that helped pupils
with conceptual change were observed in the lessons. The interactions between
the teacher and the pupil as well as those between the pupils themselves, were

valued by the student-teachers as supportive conditions for learning.

The improvement in the science learning conditions was more obvious than those
in the science learning outcomes. As the teaching practice period was short and
that the student-teachers did not have much prior knowledge of the background
and ability of the pupils, it was hard to expect significant indications of
improvements in learning outcomes. However, the researcher observed that in
the lessons, the learning conditions in terms of interest, participation and pupils’
engagement were enhanced. Further, the student-teachers reflected on ways to get
the pupils thinking, discussing and exchanging ideas in the lessons. Hence, the
student-teachers had helped to facilitate the learning of their pupils as they taught

science based on a constructivist view of learning.

Both the findings from the Science Teaching Efficacy Beliefs instrument and the
interviews were conclusive that the student-teachers became more confident by
the end of the teaching practice period. When compared to the situation at the
completion of the Curriculum Studies module, the student-teachers experienced
further gains in confidence after the teaching practice period. The positive gains
in confidence in teaching science is regarded as a form of personal development.
It may also be assumed that the experience in the Curriculum Studies module and

the experience of teaching science based on a constructivist view of learning
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helped the student-teachers to increase their confidence to teach science.

The experience of the student-teachers who had little or negative changes in the
Science Teaching Efficacy Beliefs values (3 out of 20) may be interpreted as a
lack of academic knowledge, insufficient experience in science teaching, and
experiences of difficult teaching context during the teaching practice period.
Moreover, the problems and influences on the teaching of the student-teachers
were identified in the interviews and the science teaching questionnaire. These
included: classroom management, concerns about the background knowledge in
science and in getting pupils to change their learning habits and be involved in
thinking.  While it can be interpreted that the perceived lack of academic
knowledge is related to the previous educational experiences of the student-
teachers, problems in classroom management and pupils’ learning habits are the
sociocultural factors that influence how teaching and learning is defined in the
school or classroom. These two types of factors may both influence the student-

teachers’ teaching and feelings of confidence to teach science.

The next chapter looks into the experience of the student-teachers after they

graduated and began to teach in primary schools.
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Chapter 7
The needs of the beginning teachers and

the design of the resource packs

7.1 Introduction

In order to find out the development of the beginning teachers at the beginning
teaching phase, this chapter describes the views about learning and teaching
science among the beginning teachers with an aim to identify their needs for
supporting their science teaching. This is an attempt to provide on-going support,
which includes a resource pack for the novice teachers such that they may teach
science with a constructivist view of learning as advocated in the Curriculum
Studies module. The eleven student-teachers who participated in the previous
phase of the study had all graduated from the programme and among them three
did not succeed in finding a teaching job, while three others taught in special
needs schools'. The remaining five teachers who participated in the final phase of
the study are represented as teachers B, I, L, E and D. The representation used is
the same as that in the previous phases of the study. Teachers B and I were
teaching in the same primary school but they were teaching different levels for the

subject of General Studies.

The student teachers were interviewed three times during this phase. The first
interview, which occurred three months after they started to teach, aimed to find
out how they teach science in the school, and to identify their needs. Subsequent
to the interviews, a resource pack was designed based on their needs and
distributed to each of them to support them in teaching a science topic during the

second term of the first year of teaching.

' The special needs schools are set up for children with special mental and physical needs. The
curriculum, the ability of the pupils and the classroom situations are very different from the
primary schools.
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Drawing on the views of learning and teaching science among the beginning
teachers and their perceived needs, the last part of the chapter describes the design

of the resource packs.

7.2 Views of science learning of the beginning teachers — the
importance of learning science content in the primary
curriculum

As in the previous phases of the study, the beginning teachers were asked to
describe what they thought was the important aspect for the pupils to learn in
science and to compare the relative importance of science learning in the primary
curriculum (Section 3.3.2.1). Three of the beginning teachers (teachers B, L and
D) related that it was important for the pupils to be able to apply the concepts

learnt into daily life situations, for example:

Science is related to daily life. They know how to handle their
problems and that is really common sense, something that they
should know. (Lbil) (Refer to Chapter 3, Section 3.4.2 for a
description of the coding)

Learning science in contexts that are meaningful to the students was found to be
important and it was left that this could stimulate interactions with the pupils. For

example:

I think the reference to daily life experience is important, for
example, the classroom atmosphere is better as I asked them if they
had been to the zoo. It is much better than just talking about the
textbook. It is boring. The pupils volunteer a lot of information as I
refer to their experiences. (Dbil)

We also discussed how to prevent fire and pupils have seen the fire
extinguisher and the fire blankets around them, they would want to
know about these. The discussion about how to use these things
and the reasons behind them were interesting for the pupils. (Bbil)

Adding to this notion of relating to daily life experiences, teacher E indicated that
to develop in pupils an ability to observe and be attentive was of importance. He

described how the pupils were alert in the lesson:
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They develop the ability to observe e.g. they know how different
plants differ in their structure as they live in different places. Why
the leaves have different shapes, they can tell how the
environmental factors influence the plants. The ways that the
plants adapt to the environment. (Ebil)

Teacher I suggested the importance of enabling pupils to find out new knowledge

by themselves as she was impressed by the use of projects in the schools:

That (The important thing) is to enable pupils to find out new
knowledge..... The pupils should be able to find out more
information from the library and newspapers etc. The school has
designed projects for every class. The pupils have to find out
information about natural resources, the problems and the
solutions...The pupils learn a lot through this and find out updated
information about the topics. (Ibil)

From this, the beginning teachers viewed science learning with reference to
meaningful contexts as important and that the pupils have to be able to apply what
they have learnt to make their learning meaningful. Moreover, skills like
observation and being able to find out information independently were also seen
as important in science learning. These views are consistent with those after the
Curriculum Studies module was completed (Section 5.3). In the previous phase,
the importance of learning in relation to everyday experiences was highly
regarded, while the ability to understand further knowledge and the process skills
were mentioned by relatively fewer respondents. Apart from these, the five
teachers also recognized learning science knowledge and developing an interest in
science as important, consistent with findings in the previous phases. In this
phase, the relatively decreased importance of learning science knowledge in the
primary curriculum can be explained by the relative unimportance of science as
compared to other subjects. Following the low importance of the subject in

school, developing an interest in science may become a concern of low priority.

Three of the beginning teachers (teachers I, E and D) regarded the three examined
subjects Chinese, mathematics and English as more important than science
learning, while the other two thought that all the subjects were of equal

importance. The low importance of science learning was explained:

Yes, I think that Chinese, mathematics and English are more
important. This is something enforced by the system. In sending
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marks for the secondary, the languages are more important. The
teachers will also pay more attention to the language exam papers
than the GS (General Studies) papers. In reality the languages are
more important. (Dbil)

I think that the languages are more important. The scores for the
language subjects have double the weighting in the calculation of
the final grade. In terms of percentage, GS (General Studies) takes
a smaller portion. The parents will also think that the languages
are more important. (Same for mathematics?) The score for
mathematics is also doubled. (Ebil)

It is the fourth that is Chinese, English, mathematics and GS
(General Studies). This is the same order as in the report cards.
The pupils find that they know how to read the text and do not put
much importance on learning it (General Studies). (Ibil)

Though the exercise for calculating the marks for secondary school occurs only in
primary five and most of the beginning teachers were teaching at the primary two
level, the influence of the exercise was significant enough to influence the
teaching and learning of science at all the primary levels. The beginning teachers
attributed this influence as arising from the system and was enhanced by the

attitude of the parents and the pupils.

In the beginning teaching phase, it turned out that science was a relatively
unimportant subject and this influenced to some extent how the beginning
teachers regarded the most important aspect of science learning. The
development of the view that science is not important among the beginning
teachers may be interpreted as being influenced by other teachers, parents and
pupils who viewed the relative importance of the subjects in the primary
curriculum. Among the beginning teachers, science learning was seen to be
linked with meaningful context with particular reference to pupils’ daily life
experiences. The ability to engage in continuous learning and to be attentive were

regarded as being significant.

7.3 Teaching science in school

This section describes the concerns and strategies during the preparation for the

science lessons, the teaching strategies that the beginning teachers employed, their
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descriptions of their successful General Studies lessons, their perceived influences

on their teaching, and the support that they received from the schools.

7.3.1 Concerns and strategies during lesson preparation

The beginning teachers were asked to describe their concerns and strategies
during lesson preparation. Four of the five beginning teachers (teachers B, I, L
and E) reported that they read from the textbook the information about the topic
and the dependence on the textbook was stronger than compared with the teaching

practice:

I will see if the information in the textbook can help and I would
refer mainly to what is covered in the textbook. (Ibil)

I would read the textbook and the materials at the back of the text.
After reading the things, I would teach. I don’t have time to find
out further information. (That means you would read the materials
once before you teach. Approximately when will you read the
text?) One day before or when I have free periods. (Lbil)

The beginning teachers did not have much time to prepare for their lessons. They
took the textbook as the only source of both information and suggestions for

activities. However, both were found to be inadequate, as they related:

The suggested activities were not very relevant, it was hard to
control the pupils. ...(Do you think that the materials in the text are
sufficient?) Some of them, for example, the pupils just now asked
me about the size of the nucleus, I couldn’t answer him. This is
not found in the book and I have no idea about this. (Lbil)

Teacher D found a good collection in the resource room at school but most of the
materials were provided by the publisher of the textbook. The teachers hence
relied heavily on what was provided by the publishers. Going to the resource
room and looking up the information in the textbook became a routine as they

prepared for the lessons:

I went to the resource room to find out if there was something
applicable. (Is there a rich collection of resources?) Yes, I think
that is already quite good. (What is available there?) There are
pictures and for example, there are pictures about oviparous, as
pupils have no idea of what it is. This really helps pupils to
understand. (Where do the pictures come from?) They come with
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the books from the publisher. (But the pictures are also well
arranged?)  Yes, there are OHT and pictures systematically
arranged. (Dbil)

The use of the resources provided by the publisher was also indicated by another
beginning teacher (teacher L) while she also relied on the materials that she

collected during the teaching practice period,

(You usually have discussion with the pupils during the class.)
Yes, discussion and using the pictures in the textbook. It is quite
impossible to find pictures big enough for the class, so it is best to
use the pictures in the book. Sometimes I would use photos, which
are found in the teaching kit provided by the publisher, or some are
left from the teaching practice last year. (Lbil)

Teacher B was more enthusiastic in that he tried to conduct group practical
activities in the science lessons, however, the lack of resources in the school made

it difficult at times. He finally resorted to talking about the practical activities:

I would try out the practical activities before the lesson, to find out
if there is any difficulty, how to see the results clearly. (Is there
other preparation? How do you find the resources in school?)
There are not enough resources in school. There should be
apparatus like beaker and test tubes etc. In addition, there were no
chemicals such as lime water or iodine solution. It is difficult to
conduct the practical activities; I have to resort to the textbook or
just talk about the practical activities. (Are there other things that
you would consider before you conduct a practical activity?) 1
think that is safety. I let the pupils conduct practical activities
using fire. I demonstrate once and let them do it in groups. (Bbil)

Compared with other beginning teachers, his preparation for these lessons
required more effort in trying out the practical activities and in considering the
safety precautions. Another beginning teacher (teacher E) used the textbook in a
different way, that was by referring to the pictures in the discussion and he had

also rearranged the topic sequence in the textbook, as he related:

Consider what is available in the textbook. There is no time to find
more resources, even if I have the motivation, I don’t have the
time. (Mostly from the textbook?) I consider the sequence in the
textbook and may not follow the order. I do not even read the text
(to the pupils) but I use all the pictures in it. (Why do you need to
rearrange the sequence?) Some concepts are fundamental to
others, the order in the book is wrongly arranged. (Ebil)
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By considering the development of the concepts, his view of science teaching was
congruent with a constructivist view of learning. However, this consideration was

not common among the beginning teachers.

The beginning teachers (teachers D and I) also reflected how they have discussed

teaching with their friends or other teachers in the school during their preparation:

Sometimes I discussed the topic with others. (Who did you talk
to?) Friends. (Dbil)
Apart from discussions with other teachers, information about the needs and

abilities of the pupils were found to be helpful, as teacher I related:

I ask other teachers about teaching the topic like whether the pupils
can master the topic quickly or whether they are interested in the
topic or not. I judge the pupils’ responses and other teachers’
advice to decide how much to cover and prepare for the topic.
(What is the advice that other teachers give?) Other teachers have
told me that the pupils are more familiar with the topic on personal
hygiene and that pupils are very interested in the topic on animals.
The present topic on policemen (a Social Studies topic in the
General Studies curriculum) is very short and it seems to drag for
too long, as there is so little to be covered. Other teachers have the
same opinion and they said that we can teach it a bit quicker and
save time for other activities or topics. (Ibil)

In summary, the two main tasks in preparing for science lessons involved reading
up the textbook and looking up resources in the school. One beginning teacher
attempted group practical activities and the concern for the lack of resources was
great. For these lessons, the preparation work was to ensure that the lessons went
smoothly by having a trial run of the practical activities and considerations about
the safety precautions. Redefining the topic sequence with reference to the
development of the concept was regarded by one teacher and this may be taken as
a consideration influenced by a constructivist view of learning. This occurred less
frequently among the beginning teachers than when compared with the teaching
practice stage. Moreover, the discussions about teaching with other teachers in

the school were perceived to be helpful for the beginning teachers.
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7.3.2 Teaching strategies that were employed

The beginning teachers were asked to describe in the interviews the teaching
strategies they employed in their science lessons for their first three months of
teaching. Two of them (teachers L and D) reverted to more frequent use of
teacher-talk in their science teaching. They gave up the use of group discussion
and activities despite the fact that they believed these were strategies that helped

pupils’learning. For example:

In group discussions, they would talk about things that are
irrelevant to the topic. (Would the textbook also provide the
discussion guides or cards?) I would use the discussion cards as in
the teaching practice in the beginning, but the pupils were talking
among themselves. The cards do not help. It then becomes
discussion with the whole class. (Lbil)

Many of the pupils come from Mainland China and they have
pictures of many animals like panda, giraffe. They are very happy
as we look at the photos. There are such a lot of photos. This
provides an opportunity for them to talk about their experiences...I
am more aware about two-way communications than one-way. For
example, I know that increasing pupils’ participation is important.
However, time is limited as I have seven periods a day, there is
really no time for lesson preparation. The teaching schedule is also
very tight. Time is so limited that I may not be able to apply what
was learnt. (Dbil)

These two beginning teachers had different reasons. Teacher L had a classroom
management problem as she could not keep the pupils on task to discuss a certain
topic, while teacher D related a lack of time for preparation and the heavy
workload. However, both were aware of the importance of getting pupils to

discuss in lessons and valued the “two-way communication”.

These beginning teachers found themselves unable to apply what was learnt in the
Curriculum Studies module in the primary school. - Teacher I related her dilemma
between her belief with a constructivist view of science learning and the

classroom situation:

Some of the contents of the CS (Curriculum Studies) module are
more influential on my teaching. (Which are those parts?) Like
the part about teaching science based on constructivist view of
learning or those concerned with finding out pupils’
preconceptions. I raise questions for pupils to think and try to
change their concepts. I also hope that pupils can be more active in
their learning. I also attempted to find out pupils’ preconceptions
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on a topic like asking them how much they know about a certain
topic. (What is the effect of teaching?) It is more interesting and I
find that there are approaches to choose from. There are teachers
that make the lessons very boring and the pupils do not like the
lessons. (Are there other benefits besides raising the interest of the
pupils?) I think that the teacher is more confident and there is
“something” to refer to or rely on. The teacher also knows where
he/she stands in the various approaches. (Do you think there is any
change in the pupils’ thinking?) Pupils learn from others’
responses and know that they themselves may be wrong. I have
seen progress in their learning. Not only the teacher talks or
teaches, the pupils feel that they can also raise their hands and talk
and teach others about the topic. Knowing that what they have
learnt is useful, the pupils are more ready to raise their hands to
speak, and the atmosphere is more lively. (Ibil)

Teacher I was glad about finding out pupils’ preconceptions, as she found her
lesson more lively and herself more confident. She felt proud to compare with
other teachers as they delivered boring lessons. The influence of the Curriculum
Studies module was significant, however, the application of the learning into the

classroom situation was not as successful in one of the classes she taught:

In the primary five class, only a few of them are listening to me
and raise their hands during the lesson. They feel that they know
everything already in GS (General Studies). The pupils think that
they can revise on their own...When I called upon a pupil to
answer a question, the other pupils were doing their own
work...The pupils do not see the relevance of the lessons and feel
that they know a lot.....They got less attentive when there were
activities in the lesson; I am very angry with them and feel that I do
not deserve this reaction from the pupils. Now I would still use
some of the materials in the teaching kits (that were prepared
during the Curriculum Studies module) and the lesson would be
mostly devoted to questioning. (What is included in the teaching
kit?) The OHTs (overhead transparencies) and I tended to show
more at the beginning of term. As this involved a lot of movement
in the classroom e.g. drawing the blinds, moving the desks,
switching off the lights, I have used it less and less recently. I
would just refer to the pictures in the textbook. (Ibil)

From this quotation, the beginning teacher related how she was unable to motivate
the pupils to learn and help the pupils see the relevance of the lessons. Moreover,
there were limitations imposed by the physical conditions of the classroom. The
conclusion was to continue with the questioning in class. She finally resorted to a
compromise involving giving up on the discussions but continued with teacher

demonstrations:

It depends on the nature of the topic. The next topic is on heat and
there will be practical activities. For this topic, as there are a set of
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practical activities to be conducted, I don’t need to prepare a lot of
activities or materials. I will not conduct any discussions with the
pupils, I am afraid that the discipline will be hard to control. I have
tried to conduct discussion with my primary five pupils and they
cannot really concentrate on talking about the topic. So it will be
worse for the primary two pupils. I will do some demonstrations
and the pupils can come out and watch the practical activities.
(Ibil)

Teacher D reflected on how her intentions in teaching were different compared to
the time before graduation. Due to the limitation of teaching time, she resorted to
a transmission approach in teaching, not caring if pupils were learning in the

lessons:

I was very idealistic before graduation and would want to let the
pupils find out by themselves through the activities. But now I rely
on my mouth and this is the only way to teach. Just tell them.
Before that, I would think about the activities and let them see the
result. This is not possible now; the time is putting a lot of
pressure on me. Though I know it is better to teach in another way
than just telling them, I cannot help it. (Have you considered that
pupils may not learn even after you have told them?) Yes, but
there is no way out. I cannot care. (It may just be the same as if
you had not told them.) I cannot help this. (Dbi3)

Two other teachers B and E found themselves in less difficult situations and were
able to teach science based on a constructivist view of learning to some extent.
Teacher B related a mixture of different approaches in his teaching. He reported
the use of the discovery approach, an approach that gets pupils to find out new
concepts to be learnt, while he mentioned the checking up of pupils’
preconceptions in his teaching. The use of activities and group work were also

mentioned to be common teaching strategies:

I use discovery usually. (What did you actually do?) Asking
questions. Find out how much the pupils know before the lesson,
usually at the beginning of the topic. (What did you ask, can you
give an example?) I asked them the relationship between burning
and the use of oxygen. Many pupils think that when there is air,
things will burn. I have to let them know that air only helps
burning, there are other essential factors like the materials, fire or
spark. (Are there other strategies?) I use activities because just
talk and chalk is really boring...This is more impressive2 for the
pupils. They forget if they just watch the demonstration but if they

2 The word “impressive” is a literal translation of the word that the beginning teacher has used.
The meaning is having an impact on the pupils.
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have done it themselves then they have a deeper impression.
(Bbil)

Among the teachers, only teacher E reported to have taught science based on a
constructivist view of learning as he described following up pupils’ answers and

ways to encourage pupils to think:

I think that I am using an interactive approach. I followed up
pupils’ responses and asked them why and they responded again....
(What do you think of the response of the pupils? Can they really
think in response to your stimulation?) Yes, most of them can. I
can make them think. (Would it be difficult?) Yes, some of them
don’t really want to answer. Some are not ready to think or are
afraid to be wrong. (Is this common?) There is a good proportion
of them. For the smart ones, they would race to answer, for others,
it varies. (Do you encourage them?) I would use rewards and
competition to encourage them to think. I would also discourage
others who laugh at wrong answers. (Do you think there is
improvement?) Yes, there is a little bit, more pupils are ready to
speak up. (Ebil)

From this, teacher E valued pupils’ responses, followed up on pupils’ answers and
encouraged them to think and speak up in class. Among five of the beginning
teachers two (B and E) were aware of engaging pupils in thinking, and two (B and
I) attempted teacher demonstrations or group practical activities with pupils.
Others (I, L and D) spent most of the time having whole class discussions that
involved the teacher asking and pupils answering questions. The beginning
teachers were aware of the teacher-pupil interactions during questioning and
pupil-pupil interactions during group discussions in the classroom, as well as the

implications of a constructivist view of learning for science teaching.

7.3.3 Science lessons described in the journals

As one of the ways to enhance the beginning teachers in teaching science with a
constructivist view of learning was to provide on-going support, the needs of the
novices had to be identified such that the design of the support may better suit
their needs. In identifying their needs, each of the beginning teachers were
invited to describe in the journals three General Studies lessons that they felt were

successful in their first three months of teaching (Appendix B1). In this way, the



The needs of the beginning teachers and the design of the resource packs 222

researcher may have a better understanding of the purpose or intentions of the
beginning teachers in their science teaching. Unlike section 7.3.2, which
describes what teaching was like in most of the science lessons generally, this
section analyses the more successful lessons as reported in the journals. In this
way, the researcher can be clearer about what the beginning teachers thought
better science teaching needs to be like. In some cases, the quotations in the
interviews are used to clarify what the beginning teachers had written about in the
journals. These lessons often included activities, demonstrations and group
activities. Above all the use of pictures to facilitate whole class discussions was
the most common as four out of five teachers (I, L, E and D) have reported

lessons as such.

The beginning teachers described how they used class discussions or teacher

questions and using simple teaching aids to stimulate pupils to ask questions in

the lessons:

I raised questions using the pictures in the textbook. The pupils
were able to organise what they know and this leads them to realize
how animals are classified; the services and the resources they
provide. (Ij1) (See Chapter 3, Section 3.4.2 for a detailed
explanation of the codes)

At the beginning of the lesson, I showed the electricity bills and
asked the pupils what they were. This leads the class to discuss
about what are natural resources are. The lesson went on with
discussion, conclusion with the whole class.

They asked a lot of questions in the lesson but they actually knew
what are natural resources were already.

Teachers’ reflection:

I am satisfied with this lesson. After the lesson, the pupils were
able to distinguish what natural resources are and I have used an
interactive approach in teaching. The bills have stimulated the
pupils to start thinking. I hope to have more teaching aids to
support my teaching, as there is really a lack of teaching aids in GS
(General Studies). (Lj1)

The above illustrated how the beginning teachers tried to stimulate pupils to
discuss and think about the science topic using the limited resources available and
within the constraints of classroom management. The use of pictures stimulated

the pupils to ask more questions in teacher D’s science lessons:

Pupils have quite a good response, the pictures are about
something that they can see in their daily life experiences, and this
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can stimulate interest for most of them. Some asked if frogs are
poultry. ...The pupils have a lot of questions to ask e.g. they ask
why are tadpoles black in colour and frogs are green. They are
very interested in this topic. (Dj1)

Teacher I gave an account of a successful lesson, in which she used a set of

drawing cards that she had prepared in the teaching practice a few months ago:

Method of teaching: An activity that involves drawing cards of
animals and imitating the calling of the animals was conducted
with the whole class. It is more interesting to talk about animals
and the lesson is very lively. The activity was not in groups and so
pupils' involvement in thinking and discussion may be limited.
The pupils have a lot to ask in the lesson and are different from the
normal situation. (Ij1)

From this, she preferred to have group discussions though the pupils asked a lot

more questions than they normally would.

Teacher B was keener on having pupils’ participation and employed group

discussions and activities:

There was a group discussion about the sources of air pollution.
The pupils participated actively and were able to tell sources. The
teaching pace was comparatively slow as one lesson covers only
one objective.

I believe that this is effective, as the pupils were able to relate it to
their own daily life experiences. Also, the pupils were actively
involved in thinking. (Bj1)

There was a practical activity to test that the air breathed out is
carbon dioxide (using drinking straw and limewater). At the
beginning of the lesson, I demonstrated the experiment and
reminded the pupils about the safety precautions. Then, I let the
pupils try to do the experiment and find the conclusion by
themselves. This activity has encouraged the pupils to relate the
results with daily life experiences. .
Pupils valued the opportunity to do the experiment and were
attentive to my explanation.

After the experiment, the pupils were very surprised to see the
results.

The pupils raised a lot of questions.

The lesson is satisfactory as most of the pupils were on task. (Bj1)

These were experiences that teacher B regarded as successful because the pupils
were participating and thinking actively. They were able to relate the results with

their daily life experiences and raised a lot of questions. However, teacher B also
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noted that the teaching pace was slow. Because of the tight teaching schedule,
conducting lessons with group activities or discussions was not frequent among

the beginning teachers.

Three out of five teachers (teachers I, L and E) related concerns in teaching that
were made based on a constructivist view of learning. Teacher I described how

she found out pupils’ preconceptions about animals:

There are different types of animals and the pupils do not know
about the relationship between the animals and humans. They are
more familiar with the functions of the animals in relation to
entertainment and do not realize the original functions of the
animals. (Ij1) They know that dogs are kept domestically but do
not realise that there are watchdogs. They do not know that horses
are for transport and only think that they are for racing or gambling
or entertainment. (Ibil)

Having learnt the pupils’ preconceptions, teacher I tried to adjust her teaching

according to what the pupils knew:

I am happy with the teaching in this lesson because I tried to look
into how many pupils know about the animals through asking
questions. I did not have detailed plans for this lesson but I have
tried to adjust my teaching according to what the pupils knew
about animals. (Ij1)

Teacher L indicated how she attempted to clarify pupils’ concepts during her

teaching:

On the whole, I am satisfied with the lesson, I think that the pupils
can learn well from the pictures but that some of the pupils do not
have a good foundation. I clarify with them in the following lesson
and they are clearer. I have been using the interactive approach in
this lesson and pupils were stimulated to think using the pictures.
(Ljl)

Teacher E mentioned these views more often than the other two beginning
teachers. He explained how he considered what pupils have learnt as he prepared

the lessons:

Preparation before the lesson: The pupils have some understanding
about the self-rotation of the earth, but do not know about the
direction of self-rotation and the relationship between day and



The needs of the beginning teachers and the design of the resource packs 225

night. I then prepare to bring a globe, a plastic doll and a torch for
the experiment. (Ej1)

He described how the pupils had different preconceptions, their diverse abilities

and how their preconceptions influence their learning of new concepts:

There is much individual difference among the pupils and the high
achievers have very good responses and can answer most of the
questions. The low achievers did not have any responses and could
not tell what they did not understand.

Reflection:

This particular method has helped to stimulate the pupils who are
not motivated to learn and have difficulty in learning. However, at
the end of the lesson, some cannot master the new concept. Pupils’

preconceptions or misconceptions may influence how they learn
new concepts.

In this lesson, the use of pictures and discussions can stimulate
pupils to think. (Ejl)

From the accounts in the journals, teacher E had related detailed considerations
for the constructivist view of learning in his science teaching. Teacher B was
enthusiastic in conducting group discussions and group practical activities
believing that the activities helped to engage the pupils to think actively. Though
teachers I, L and D did not conduct group discussions in their classes, they valued
the response and participation from the pupils. While teacher D seemed to be
satisfied with having more questions from pupils, the other two teachers I and L
hoped to see further improvements in their teaching. They felt the need to have
more resources to support their teaching and still preferred the use of group
discussions. These two teachers were also ready to adjust their teaching content
according to the pupils’ preconceptions and helped pupils to clarify their concepts.
It is apparent from these accounts that the beginning teachers had in mind the
constructivist view of learning, though due to a number of influences in the school
context, they were not able to teach in much the same way as they did in the -

teaching practice.
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7.3.4 Influences on the teaching of the beginning teachers

In order to find out the sources of influences on the teaching and the confidence of

the beginning teachers, they were asked to describe events or factors that

influenced their teaching, in the interviews and in their journals.

Limited time for teaching and lesson preparation, insufficient resources, and

classroom management were the most frequently reported influences (Table 7a).

Teachers B and E related that the teaching time was cut short by school activities

and that the teaching schedule was tight:

There are only 35 minutes per lesson, it was 40 minutes before
(during the teaching practice). Most of the GS (General Studies)
lessons occur after recess, some time is used in letting the pupils
settle down and gain their attention. I can achieve only half of the
objectives. (What is the teaching schedule like?) There are a lot of
school activities like the 15™ school anniversary and some lessons
were cancelled. Iteach in a great hurry. (Bbil)

The whole topic for moon eclipse takes only 7-8 lessons and even
so there is not enough time. In the teaching practice, we have more

time for lesson preparation and the pace is more relaxed. (Ebil)

Table 7a Influences on the teaching of the beginning teachers as reported in the

interviews
(N=5)
Perceived influences | Teacher(s)
Time and resources
Time is limited in the lesson B,.E,D
Have to reserve time for revision D
Less time available for lesson planning or preparation L,E,D
Heavy workload and little time for preparation LLL E
Classroom setting makes it difficult or inconvenient to use OHP 1
Resources are limited E
Pupils
Classroom management B,L,ED
Pupils’ attitude in learning I
The School Context
Value for good achievements in examinations D
School does not support activities or visits E
How other teachers think E
The norm is to have little preparation for lessons E
Self
Was not aware of pupils’ problems in learning |
Teaching pace was too quick for pupils |
Inadequate lesson preparation I
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Teachers L and D reflected on the heavy workload and how the preparation time

was different when compared to the teaching practice:

Less time is available for lesson preparation; I spent two to three
hours to prepare for one lesson during the teaching practice. This
is impossible now. I can take at most fifteen to twenty minutes to
prepare for a lesson. I would just read the content and think about
the teaching. There are a lot of books to mark and I take the
worksheets home to correct. In addition, there is a lot of
administrative work. (Lbil)

The pressure is great after the lessons, as there is a lot of work.
The teaching schedule is another thing that gives me pressure. (Is
there any difference in the teaching method?) Teaching aids and
activities are included only when it is absolutely necessary.
Otherwise, I do not waste time on these. (Dbil)

These teachers faced a heavy workload and little time was available for lesson

preparation.

The second major group of factors influencing the teaching of the beginning
teachers was associated with classroom management and the ability of the pupils,

as two teachers L and E described:

I teach in a completely different way when compared with the
teaching practice. The pupils would still discuss though they are
noisy. Now many things happen during the class. Someone may
cry, others may complain about their classmates, it is difficult to
manage the class. It is different from the teaching practice, they
are not used to having discussions in class, and they will talk
among themselves. (Lbil)

They get too excited with a little bit of activity, the discipline is not
controllable and the lesson cannot be conducted. The class that I
was teaching was really bad. (Ebil)

The teachers (I and L) have also expressed their frustration with the classroom
management problem. They described themselves as being less motivated and

felt tired about teaching:

As the pupils do not like the subject themselves, I feel that I cannot
help them too much. I would be more willing to prepare more for
the primary two pupils. I was more enthusiastic at the beginning,
trying to think about what I should teach and how to make the
pupils happy. It then gets to be a bit boring and I feel myself
becoming less enthusiastic. The workload is too heavy and I find it
really hard to find time to prepare so much for the lessons. It is
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more worthwhile if the feedback from the pupils is more positive
but then as it is not, I feel less motivated. (Ibil)

It is mainly discipline. If it gets too noisy, the pupils cannot learn.
I have to repeat several times...They are very noisy especially in
my lessons. Several pupils were particularly noisy and this
influences the whole class. (How did this affect you?) As they
were not listening, it would take more time to teach the topic and
slows down the pace of teaching. I have to repeat myself several
times...I do not really know what to do (laugh). I feel really tired.
(Lbil)

The discipline problem and low level of interest among the pupils, and the heavy
workload contributed to the beginning teachers’ loss of motivation to teach. The
school context and the practice of other teachers also had a significant influence

on the teaching of the beginning teachers as two of them (E and I) explained:

The school does not encourage the activities. I have suggested
taking the pupils out for some visits and was not supported by the
school. (Do you think this is the attitude of the teachers?) This is
understandable as they have a lot of duties. Teachers do not only
teach, there are a lot of administrative duties. They are not ready
to use the holidays for the visits and if they go on school days, it
would affect the teaching schedule. There is one visit per year and
this is really scarce. There are two science topics per year e.g.
plant and space. It would take two visits. (Ebil)

Yes, the atmosphere affects the availability of teaching aids in the
school. Without the resources, the activities are not possible. If
other people were not using the things, they would not be arranged
in good order. It would be difficult to retrieve them. (Ebil)

Resources are also limited and I tend to accept that many teachers
do not prepare for their lessons. It is just similar to the norm. The
more experienced teacher can seek help from the workers in the
school or ask the upper primary pupils to prepare for the lower
primary. (Ibil)

These quotations indicate that the beginning teachers gave up their original
intentions and considered the practice of the more experienced teachers in the
school. The existing practice has influenced the teaching of the beginning
teachers through direct and indirect ways like the availability of resources and the
culture for not doing much for lesson preparation that the teachers have
developed. The teaching culture in the same school also implied that the value or
importance in teaching was to have good achievement in examinations, and this

led to the adjustment of the teaching pace as related by teacher D:



The needs of the beginning teachers and the design of the resource packs 229

Pupils’ achievement is more important. I would rather teach at a
quicker pace and leave some time for revision. If there are
activities, there will not be time for revision. (Dbil)

The influence of the culture in the school has resulted in the cutting down of
activities in the lessons in order not to make the lessons too different from other

classes:

I would avoid some of the things and decrease the activities as I
cannot prepare so much, and other classes may not have such
activities. (Ebil)

Another beginning teacher justified the change in her teaching strategy as being

free from the constraints of the requirements of the Institute:

It is more relaxed now. I can teach in whatever way I want. There
were different steps before like the motivation, development,
conclusion, etc. Now I am making full use of the 35 minutes to
teach. There are a lot of other things to do in the lesson. (Why do
you feel more relaxed?) I worried if my teaching is good enough
in the teaching practice. I consider if the question should be asked
in a certain way and if the pupils can answer my question. But
now, the development is more natural and follows the response of
the pupils. (Dbil)

In this situation, the lack of consideration about the quality of teaching and the use
of most of time in the lesson in transmitting content was thus explained as
following the norm or the practice of other teachers in the school. The beginning
teachers shifted from being influenced mainly by the institutional culture to be
under the cultural influence of the school. The school culture was defined by how
other teachers were teaching and the school practices, which were different from
what was taught in teacher education institutes. Another beginning teacher I,
however, realised the problem in science teaching from a different perspective.
Instead of only focusing or{ the problem as originating from the school, the
workload and the pupils, she was aware of her own limitations. ~ She reported an
incident to illustrate how her deficiency in the background understanding about

the pupils led to an unsuccessful lesson:

I did not have adequate preparation and underestimated the
difficulty of this topic. It turned out to be difficult. I had too high
expectations of the pupils’ ability, and the reality is I also had to
cover the basics. (Your estimation of them is not accurate.) The
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other topics are better and I do not expect it to be like this. This
also happened that the pupils could not follow after I have taught
for one lesson. I have to teach from the basics in the second
lesson. I have more detailed plans after that. I would at least mark
down how to teach the topic. (Ibil)

From this experience, teacher I realized the importance of lesson preparation and

gave more careful thought to how the topic should be taught.

From the findings, it appears that the beginning teachers were able to identify a
number of influences on their teaching. The most common ones were the limited
time for teaching, lesson preparation, constraints on resources, and difficulties in
classroom management. The influence of the school culture was described as the
norm of having little preparation for lessons. The beginning teachers abandoned
some of their original intentions and tried to make their teaching not too different
from other teachers. The importance shifted towards attaining good achievement
in examinations and the value of the practice advocated in the teacher education
programme was lowered. Despite this, one of the beginning teachers was being
more self-reflective and realized the inadequacy of her lesson preparation and
how it affected her pupils’ learning. On the whole, teaching in school was a
different scenario compared to the time of the teaching practice, and the

contextual influence of the school was significant.

7.3.5 Support received from the school

The beginning teachers were asked to describe the support (if any) they received
from the school as they entered into the profession. At the school level, none of
the teachers reported any formal form of support in the interviews. One of the

beginning teachers explained what other teachers thought about the novices:

There is no support (laugh). They feel that we are very competent
as we have just graduated from the Institute. We should have
known a lot after studying for two years and in fact, we know more
than the other teachers do. For example, we are clearer about the
new initiatives of the Education Department like TOC? than the
experienced teachers. They ask me about these policies. (Dbil)

3 Target Oriented Curriculum, a new curriculum initiative for the three main subjects Chinese, English and
mathematics in which achievement targets are set for pupils at different performance levels.
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This may imply a lack of in-service teacher development opportunities and that
beginning teachers were regarded to have more up-to-date knowledge. The
support for the beginning teachers was often more informal among teachers
themselves, for example, two of the beginning teachers described their discussions

and sharing with more experienced colleagues:

Other teachers of the same level have helped me to scold the pupils
and the discipline master is also aware of this. The pupils are more
respectful to their class mistress...(Besides helping you with the
discipline, are there other forms of support?) Not much. (What
type of support do you think would then be helpful?) It is hard to
ask for others to help me as all the teachers are fully occupied.
(Lbil)

Other colleagues have given me a lot of support; they helped me
with the discipline. They shared with me the experience in
teaching; for example, they would remind me about the wrong
words in the books, the common mistakes made by the pupils.
There is a meeting in each school term where we would discuss the
likely problems and this sharing between teachers is helpful. (Ebil)

The beginning teachers perceived both the direct support by helping the novices to
control the class and the indirect support by sharing teaching experience as
helpful. The beginning teachers appreciated very much the support from the
experienced colleagues. However, they would not demand further support as they

found that everyone was fully occupied.

7.4 Feelings about teaching science in school

This section looks into the beginning teachers’ confidence in teaching science and
how they feel about teaching science in school. These findings may provide a
picture about their personal developmient as they started the beginning teaching

phase.

7.4.1 Confidence in teaching science

The beginning teachers were asked to describe their feelings about having to teach

science topics in General Studies and how they perceived their future
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development in teaching science, in terms of teaching skills and confidence. It
appears from the findings in the interviews with the beginning teachers that the
confidence to teach science topics among the beginning teachers was closely
linked with their concern for the academic knowledge that they had. For teacher
B, the confidence to teach depended on factors like the time available for lesson

preparation and the nature of the topics:

Time is limited for lesson preparation. Sometimes when pupils
asked me “strange” questions about the topic, I could not answer.
If they ask things outside the text, it is difficult. There are things
that I do not know. (Bbil)

The beginning teachers described how they worried about answering pupils’

questions and not being able to explain the content clearly:

There is no problem with the lower primary, the easier topics,
however I worry for the more difficult topics. That depends on the
topic. (Dbil)

Just average (In what way?) Sometimes, I cannot answer pupils’
questions. I do not know how to explain to them how nuclear
energy is formed. I have to ask other people about this. (Is it
mainly with the content?) Yes. For example, with producing
energy from water, I remember a practical activity in my lower
secondary that uses water and carbon to light up a bulb. The
memory is vague and I cannot relate clearly how the energy is
produced to my pupils...as I have an arts background, it is difficult
for me. I am better with Geography than with science topics. I
would read up more if I had time. (Lbil)

I find some of the things quite difficult. It depends on the topic.
When it is about animal classification, I am not very certain about
how to classify them and feel that I am not as confident. There are
also more difficult topics like heat. I don’t think that I have learnt
the topic properly and I am not as hard working in reading
reference materials. I am a bit afraid. The information in the text
is not very detailed. I can only teach based on the limited
knowledge that I have and maybe with the help of a little bit of
material from the text. My confidence depends on whether I have
good knowledge about the topic. (Ibil)

These beginning teachers had an arts background and the problem with the
science content was aggravated by a lack of time for preparation. Among the five
teachers, only teacher E was more confident with his background knowledge in

science as he said:
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For most of the topics, my knowledge is sufficient. There is a
small proportion of topics that I may need more information on e.g.
just now when the pupils asked if there is hair on the leaves of the
Banyan tree, I don’t really know about that. (Ebil)

The findings reflected a uniform concern among the beginning teachers: the
adequacy of the background knowledge in science. This is the sole criterion
against which they measure their confidence to teach science. Unlike the findings
in the previous stages during the teaching practice, the student-teachers felt more
confident in being able to engage pupils in thinking, getting pupils to participate
and respond to questions (Section 6.5.2). The beginning teachers shifted their
concern merely to transmitting the clear concepts to the pupils. This may be
explained by the situation that the examination achievement is the greatest
concern among the teachers in the school culture. Thus teaching the subject
content in a more transmission way was seen as the most common and effective

practice in schools and there was little concern for engaging pupils in thinking.

7.4.2 Being a science teacher in the school

The beginning teachers compared how their science teaching was different from
other teachers in the school in the interviews. The use of activities, group works,

and teacher demonstrations were found to be uncommon, as they described:

They (Other teachers in the school) are not really taking an activity
approach. Even the subject coordinator is just doing talk and
chalk. For example, in a lesson about the characteristics of plants,
the subject coordinators showed a leaf and then told the pupils
everything himself. He then asked the pupils to pass out the leaf. I
think he should let the pupils work in groups, look at the leaf and
think. It is important that the pupils touch, feel and think about the
topic. (Bbil)

It is just different with the topics that involve practical activities.
They will not conduct any activities in their classes. (Dbil)

They would use things that are already available e.g. the picture
cards from the publishers. They seldom make any teaching aids or
add anything to the lessons. Though I do not have much, it is
comparatively more than what they have. (Do you think other
teachers appreciate what you have prepared?) They think it is
good and they know that there should be activities and how to
teach. However, there is a lack of time and resources. (Ibil)
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From this, teacher I thought that other teachers knew about how to teach science
and their actions were mainly due to a lack of time and resources. However, other
beginning teachers found a difference in their basic beliefs about science teaching

from other teachers in the school:

Other teachers put more emphasis on getting the pupils to
memorize the text. They would insist on the same wording as the
textbook for the answers in tests and examinations. (Answer in
lower voice) I think that my pupils should get some marks, as their
answers are correct though the wording may be different. It is a
subject that is different from Chinese and English. Some teachers
do not see the essence of the subject GS (General Studies) in
making pupils to understand. (Lbil)

Maybe that is why my class did not perform so well in
examinations...The question is asking the pupils to fill in the terms
found in the text. The pupils do not know how to write the words.
The problem is that I did not drill the pupils to write the words like
we do in Chinese. There is such a part in the paper. (Dbil)

These quotations suggest that getting pupils to memorize the text and drilling for
the terms were common among other teachers, while the beginning teachers did
not agree with these practices. The teachers in the same school did not have many
discussions among themselves about their teaching method or strategies. For

example:

(Did the teachers discuss how to teach a certain topic?) Very
rarely, unless it is for very difficult topics. They give some advice
but that was limited. (There are little opportunities to prepare for
lessons together?) Not much. (Ibil)

The difference in the teaching between the beginning teachers and other teachers
was significant enough to show up in the examinations or tests. The pressure to
get pupils to score good marks in the examination was great. The beginning
teachers found themselves emphasizing thinking and understanding while other
teachers stressed having the exact wordings as the textbook in the examinations.
As the assessment was geared to test for memorization, their pupils did not
perform well since they did not do the writing drills and the recitation of the text.

The beginning teachers thought of different ways to tackle the situation:

Though I do not want to, I have to get the pupils to write the words
in GS (General Studies). (Is this something to do with the teaching
or the assessment?) That is not a problem with the assessment, the
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pupils should not be illiterate, they should be able to write down
what they know. (You feel that they should be able to write
these.) They should, otherwise, they are illiterate. (Dbil)

Normally, I do not pay too much attention to the text as I teach.
But then in the revisions for the examination, I will use more time
to go through the text with them and pay attention to the words.
(Do other teachers teach differently then?) I think so. (In a low
voice) They will emphasize the words and the text. (Dbil)

I would adjust my marking (laugh). If I think that the pupils have
answered correctly, I would mark them as correct. 1 discovered
this as I was setting the paper last time. The panel chair asked me
whether I accepted pupils’ answers if the wording was not correct.
She remarked that I was quite loose in my marking. (Lbil)

Teacher D chose to conform to other teachers and gave the pupils drilling on their
writing. Moreover, the pre-test or pre-examination revisions were found to be
important in preparing them for better scores. Teacher L adjusted her marking
and awarded pupils some marks even if they did not get the exact wordings
correct.  Other beginning teachers reported on how they insisted on their own

teaching strategy:

I think it is mostly the same. Most of the teachers will follow the
textbook and it is the same with me. Occasionally, I will arrange
activities; I have not seen other teachers teaching. Sometimes I
also get bored. (Ibil)

The new teachers would use more activities and practice what we
have learnt. They (the experienced teachers) have taught for a long
period of time and have lost their enthusiasm. (What do you
think?) I was disappointed. For science topics, we need the
activities and need the pupils to think. (Is there any influence on
you?) I wonder if they know how to teach GS (General Studies). I
would insist on my way, to have participation, to have activities or
discussions. (Bbil)

These two teachers (I and B) continued to include activities in their teaching with
an aim to make their teaching more interesting. This also reflected their
e}lthusiasm in getting pupils to think and participate ir; the lesson. Teacher L
described how she made her pupils think in class and how she re-directed the

focus of the assessment on one occasion:

I once set a table in the test that the pupils could not answer. It
demands more reasoning from the pupils; the topic is on the
influence and effect of the lack of a certain type of resource. The
same table also appears in the textbook. When I teach my class, I
encourage them to think, drawing from their common sense. They
(other classes) cannot answer, maybe they have no experience of
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doing similar problems before. Even the best class could not do it,

however, some of the pupils in my class knew how to do the
problem. (Lbil)

Although the beginning teachers have attempted to teach science based on a
constructivist view of learning, they also reported on how they may have
conformed to the accepted practice or the culture in the schools. Teachers L and

E predicted how they may teach in the future:

I have asked the pupils to write the words, I modify it into copying
the main points. This is better than writing just words, it is more
meaningful. (Does this change what you believe?) It may (laugh),
some day I may ask my pupils to recite their text. Their results are
poor and I need to submit the results to the school. (Lbil)

The difference is not that great. They (other teachers) are also
reasonable, as the pupils cannot adapt to other methods of teaching
(teaching with more activities). It would be equally problematic,
as pupils cannot adapt to new teaching styles...I would rather not
teach in that way (using activities). (Is it because of the class
discipline or other teachers?) The problem with the pupils is more
serious and you can teach in whatever way you like as the door of
the classroom is closed. The ability of the pupils is more
important. (Ebil)

The pressure to score high marks in the examination and to have the classroom

well under control has influenced the teaching of these teachers (L and E).

In summary, the norm among the teachers in the school was to have few activities
in lessons and an emphasis on memorization. However, the beginning teachers
noted the difference in their teaching as being more ready to arrange activities for
the pupils and to demand more thinking from the pupils. The beginning teachers
had chosen to keep up with their belief and to get around the problem of low
performance in assessments. Further, there were concerns among the beginning
teachérs of not being too different from other colleagues in the school. These
teachers may eventually conform to the practices in the school. The contextual
influence in the school was taking effect and may have a greater impact on the
teaching of the beginning teachers in the future. It is, therefore, important that the
beginning teachers receive additional support in their science teaching so that they

can keep up with the practice that takes into account pupils’ thinking.
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7.5 The perceived needs of the beginning teachers to support
science teaching

This section reports on the support that the beginning teachers would have liked to
have had in their science teaching. The findings were taken from the interviews
with the beginning teachers. The support preferred by the beginning teachers
could be categorized into two types. The first group involved the provision of

resources, teaching aids and reference materials, such as:

More examples and teaching aids will help the pupils to understand
better. There is a lack of these. (Lbil)

The most important thing is resources. The beginning teachers
have a good grasp of the teaching strategies, there is no problem
with this. The problem lies in the resources available. This affects
our teaching e.g. there is no limewater in the school. (Bbil)

More teaching aids will be better...It is good to have some
worksheets with contents that relate to daily life. For example,
using the menu from a restaurant to design a worksheet would be
interesting. (Dbil)

Reference materials on special topics. I would worry about some
topics like the eclipse of the sun and the moon in primary six.
Though these are covered in the books, it would be better to have
more...though I learnt these topics are learnt in the Institute before,
I have tended to forget them. If the materials are there, I can
always refer to them. (Dbil)

The availability of the materials could make the teaching different and this
directly addressed the problem of lack of resources in schools. The need for
reference materials was consistent with the beginning teachers’ perceived lack of
background knowledge in science, which led to a lower confidence in teaching
science. Moreover, teacher E suggested that making the worksheets or materials

convenient for the teachers was important:

The teaching aids and the suggestions for the activities are
important. I can modify the activities. Those like observing
pictures are not useful. The worksheets are also helpful.
(However, you have mentioned that other classes are not using
worksheets.) We are not using them because the teachers have to
design the worksheets; it would be different if the worksheets were
readily available. The teachers may consider using them if they
were already there. (Ebil)
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This directly addressed the problem of lack the of time for preparing extra

materials for the science lessons.

The second group of support that the beginning teachers mentioned was related to

collegial support in the schools:

Another thing is that we need to know what other teachers are
teaching at the same level. (Bbil)

Teachers of the same level can group together and look into the
lessons in more detailed ways. They do not need to rely on what is
supplied by the publishers. The teachers can produce the teaching
aids and share them with other classes. (Ibil)

Other colleagues have given me a lot of support; they helped me
with the discipline. They shared with me the experience in
teaching; for example, they reminded me about the wrong words in
the books, the common mistakes made by the pupils. There is a
meeting in each school term where we discuss the likely problems
and this sharing between teachers is helpful. (Ebil)

The beginning teachers perceived a need for joint effort in lesson preparation, to
have a knowledge of how other teachers taught in their classrooms and to have
opportunities to share their teaching experience with other teachers in the school.
The interactions with other teachers in the process of learning to teach and in

preparing for teaching was one of the concerns among the beginning teachers.

Drawing on these two groups of needs, namely, the need for resources, teaching
aids, reference materials and collegial support or social support, the support for
the beginning teachers was designed. These included support in the form of
providing a resource pack, an introductory workshop and opportunities for

inquiries to the, researcher.

7.6 The design of the resource pack

This section describes the design and the content of the resource pack and the

supporting activities during the beginning teaching phase of the study. The
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researcher designed the resource pack and the supporting activities with the

following purposes in mind:
e to support science teaching based on a constructivist view of learning;

e to support the beginning teachers’ concerns for lack of time and resources in
their science teaching;

e to facilitate the development of the beginning teachers with social support;

e to help the beginning teachers to reflect on their science teaching as they used

the resource pack.
Two resource packs were produced, one on the topic “heat” for primary two

pupils and one for the topic “the body” for the primary four pupils. These topics
matched with those that the five beginning teachers were going to teach in the

second term of the school year.

7.6.1 Support for teaching science based on a constructivist view of learning

The main purpose of the resource pack was to support science teaching with a

constructivist view of learning. In order to achieve this purpose, the researcher

chose the contents to be included for the two topics; “heat” and “the body” based

on the following criteria:

e to allow the beginning teachers to re-think the topic sequence that facilitates
pupils’ conceptual development;

e to provide information about children’s preconceptions;

e toinclude activities that find out pupils’ preconceptions;

e to have activities that stimulate pupils to think and discuss the topic;

e to let pupils apply newly learnt ideas in new contexts.

The following describes examples of the content for each of the above criteria.

In the topic “heat”, the resource pack (Appendix E; Cheng, 1999) started with an
overview of the topic in the form of a table that listed out the sub-topic, the
preconceptions of the children, major concepts to be developed and the related
activities. The topic sequence for “heat” was in the order:

e heat and temperature;

e expansion and contraction;
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e the transfer of heat.

This sequence was perceived by the researcher as a more logical development
than those suggested in most of the textbooks. The primary science textbooks
usually start with a discussion of expansion and contraction, while the
measurement of temperature using the thermometer was subsumed to be a theme
under expansion. There was usually no discussion about the concept of heat or
heat production or if these were presented, they were also one of the sub-topics

under the topic expansion and contraction.

Under each topic, the major concepts to be developed were also listed. For
example, the topic heat and temperature included the following major concepts:

e The sun, burning and a number of electrical appliances that can produce heat.
e  Our skin cannot tell the difference about hot and cold very accurately.

L4 We can make use of thermometers to measure temperature accur ately.

A summary of children’s preconceptions in relation to the key concepts to be
covered and the suggested activities were presented in a table as an overview

(Figure 7a).

More detailed information about children’s preconceptions were included and

these were taken from reference materials developed by Driver (1989) (Figure

7b).
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Content Prior Key Concepts Activities
Understandings
Heat and Feeling hotness from|The sun, burning ~ |What do you think
Temperature electrical appliances. [things and some will produce heat?
Pupils need to know [electrical appliances (What is meant by
what temperature  |can produce heat.  (temperature?

represents — the
degree of hotness.

Skin can tell hotness
and coldness but it is
not accurate.

Experience of using
a clinical
thermometer. Have
seen readings of
temperature in
weather reports.

We use a
thermometer to
measure the
temperature
accurately.

How do we measure
the temperature?
using a finger

using a thermometer.

Expansion and
Contraction

What is meant by

When temperature is

What is meant by

expand or high, things will expansion?
expansion? expand. What is meant by
What does contract |When temperature is |contraction?
or contraction mean?|low, things will

contract.
The word expansion {Thermometers are  |Applying the idea of
means getting bigger|made based on this |expansion and
or longer. idea of contraction |contraction.
Contraction means |and expansion.
getting smaller or  [Other applications of
shorter. this idea is found in

building roads,

pedestrian cross-
overs and railways.

The transfer of heat

Knowledge of what
are metals and non-
metals.

Heat is transferred
from one end of the
object to another.

The transfer of heat
from one end of the
metal rod to another.

Experience that
metals “feel” hotter
compared with non-
metals at high
temperatures.

Metal is a good
conductor of heat
and other materials
like plastics are poor
conductors of heat.

The transfer of heat
in rods made of
glass, plastic, wood
and metal.

Household utensils
are designed based
on this idea of good
and poor conductors.

Applying the idea of
good and poor
conductors of heat.

Figure 7a Summary table of the key concepts, prior understandings and activities

in the topic heat
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Pupils may have the following preconceptions:
1. Pupils may think that “heat” is a substance and “cold” is another, they may enter or
leave materials.
2. Pupils may think that hot is the opposite of cold and do not have a concept that they
are on a continuum.
3. In explaining why metals feel to be cooler than plastics, they may explain this as:
e Metals are easier to allow heat to enter or go out.
e  Metals may absorb cold.
e  Metals are cooler than plastics.
e Heat cannot pass through the surface of metals.

e  Metals are harder.

Figure 7b Example of summary of children’s preconceptions included in the
resource pack

There were also points to note for the teacher like the distinction between some of

the terms, for example, temperature, heat and heating, internal energy (Figure 7c).

Temperature
This represents how much energy this object may gain or loose. For two objects, which
have the same volume, the one with a higher temperature has more energy. Energy will

flow from the object at a higher temperature to one with a lower temperature.
Heat and heating

Heating is a process.
The internal energy of an object is different from heat. In gas, the internal energy may
increase by an increase in pressure, but the process does not involve heating, though the

temperature will increase after the increase in pressure.
Internal energy

This includes the potential energy and the kinetic energy of the material.
Figure 7c Sample notes for teacher
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A diagram that shows how pupils’ concepts might change or develop was also

included for each sub-topic. (Figure 7d)

Hot and cold are
feelings and can be
determined

subjectively.

This feeling is not
accurate and cannot

express how cold or

how hot something is.

Hot and cold can be
measured by a
thermometer and

expressed using numbers.

Temperature is not

related to the amount of

substance.

Figure 7d Diagram showing how pupils’ concepts may change in a sub-topic in

“heat”

At the beginning of each topic, there were suggested activities that aimed to check

pupils’ preconceptions or elicit their prior ideas about the topic. For example, in

the resource pack “the body”, the first activity was to ask pupils to gather in

groups, draw a body outline on a large piece of paper, put in the outlines of the

organs that they think are present inside the body and to write down five questions

concerning the topic (Figure 7e). In the sub-topic on lungs, the pupils were asked

to discuss in groups whether they had seen pig’s lungs in the market, what they

look like and why they are that colour.
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The body

Name :

Class :

Date :

Questions

Figure 7e A worksheet for pupils to write down their questions

The discussion questions in the worksheets and the activities that helped to
stimulate pupils’ thinking complemented each other in engaging pupils in
thinking. For example, in one of the activities that showed how the kidneys
function, the activity was to use a funnel and filter paper to filter out the chalk
powder suspension with red ink. The worksheet included questions that asked the
pupils to think about what the red ink and the chalk powder represented and how

the experiment related to the functions of the kidneys (Figure 7f).
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The function of the kidneys

Name :

Class :

Date :

Before filtering, the After filtering, the water
water inside the cup is - inside the cup is :

In the activity : 1. Water is

2. Chalk powder is

3. The filter paper is
What do you think is the function of the kidneys?

Figure 7f Worksheet on a practical activity showing the filtering function of the
kidneys

In other activities, the discussion questions. were included in the overhead
transparencies for the teachers such that the teacher could apply these in the
discussions after a certain topic. For example, in the discussion about the
functions of the kidneys, the overhead transparency included a question inviting
the pupils to think about how the kidney functions and to represent it in an

analogy.
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The content of the resource pack not only included the topics within the scope of
the textbooks but also extension questions for pupils to apply the newly learnt
ideas. The applications are regarded as one of the important teaching activities
based on a constructivist view of learning. For example, one of the extension
questions included a question asking the pupils to predict the order of the ice
melting in three cups each made of a different material, namely, foam, metal and
glass (Figure 7g). After this, the pupils were asked to give explanations for their
choices. The materials (three types of cups) were also included in the resource
pack so the teachers could conduct the activity for the pupils to check out their

ideas.

Ice

mox. =&/ P .
Hot water Metal Glass Plastic

Figure 7g Extension question in the transparency asking pupils to predict the order
of ice melting in the three cups

7.6.2 Support for teaching science as a beginning teacher

The support for the beginning teachers mainly addressed three concerns that they
raised in the interviews: the concern for the science background knowledge, the
lack of time in lesson preparation and the lack of resources in the schools. In
helping the beginning teachers with the science background knowledge, the
resource pack included notes for teachers that explained the academic content
knowledge. For example, in the topic on the heart, there were notes that described
how to keep our heart healthy. This information is normally not included in the
primary textbooks. Moreover, the overhead transparencies also presented the
main concepts of the topics so that the teachers had an outline in their minds as

they teach. To address the latter two concerns, the resource packs also included
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the materials for the activities such as the funnels, filter papers, large drawing
papers, felt pens etc. In addition, the worksheets were presented in a form that
was ready to be copied and used by the primary pupils. The worksheets therefore

were in large font size and with spaces for pupils to write their answers.

7.6.3 The social aspects of support

The resource packs on the topic heat were given to the beginning teachers after
they attended an introductory workshop. In the workshop, the beginning teachers
shared with each other thoughts about their teaching in the past few months, their
teaching schedule in the schools and their concerns about science teaching. The
researcher made use of the opportunity to introduce to them the contents, the
design and the aim of the resource pack. The beginning teachers also had an
opportunity to try out each of the activities suggested in the resource pack. From
the sharing, the beginning teachers learnt about the different pace of teaching
among the primary schools and were more willing to implement the activities as

they had successful experiences of trying them out in the workshop.

Another social aspect of support involved the interaction between the researcher
and the beginning teachers. The beginning teachers were invited to phone up the
researcher in cases : of uncertainty. Moreover, the researcher made phone calls
to the beginning teachers during their implementation to talk to them and to help
them to solve any problem that came up during their teaching. During the school
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