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Conclusion and implications 356 

10.4 Limitations of the research 

This research did not address certain issues. Firstly, while the present study 

involved an intervention in the Curriculum Studies module, the problem of poor 

science background of the student-teachers remains unsolved. The novice 

teachers reflected their perceived difficulties in answering pupils' questions. This 

is however out of the scope of what the researcher can manipulate. A 

recommendation would be to introduce a science academic studies module that is 

taught with an approach consistent with that in the Curriculum Studies module. 

This would mean a change in the intervention of the present study, instead of 

attempting to help student-teachers to teach science based on a constructivist view 

of learning through a Curriculum Studies module. The intervention will be 

introduced in a module where science academic knowledge is taught with an 

approach consistent with the strategies advocated. 

Another unresolved issue is the relatively low importance of science in the 

primary curriculum, thus leading to a general feeling among teachers that science 

learning is of low priority in their teaching. This is a more difficult problem as 

solving it may mean a re-structuring of the primary curriculum. 

Another limitation of the study is that of the dual role of the researcher. In the 

present study, the researcher is also a teacher educator who provided the support 

to the student-teachers and after they graduated from the programme. The 

student-teachers also realised that the support and the data collection were part of 

a research study. This relationship may have led to the situation that the student­

teachers or the novice teachers tended to provide positive support to the researcher 

and teach in ways that were congruent with a constructivist view of learning while 

the lesson observations were made. 

The dual role as a researcher and a teacher educator has also led to limitations in 

the data collection process. As the researcher is also the facilitator of the 

Curriculum Studies module sessions, the workshops for the student-teachers 

before their teaching practice and the workshop when the resource packs were 

introduced, data collection or making observation as a researcher were not 

possible. The researcher was engaged in having discussions with the novice 



Conclusion and implications 357 

teachers and conducting the activities in the workshops. However, these 

workshops and sessions may have also provided data on how the interactions 

between the novice teachers may support their development. 

The last limitation arises from the local context in which the study was conducted. 

The present study was conducted in the Hong Kong context where teachers in 

general teach with little lesson preparation or planning and adhere very closely to 

the contents in the textbook. The development of the student-teachers or the 

beginning teachers contrasted sharply with the current practice. In this case, the 

results of the study can only be generalised for this particular kind of teaching 

context and may not be applicable to other places when the teaching culture is 

different, for example where teachers in general have more interactions with the 

pupils or tend to prepare more activities or group work for their pupils. 

10.5 Suggestions for further study 

A number of possible studies can be pursued based on the findings of the present 

study. These include: 

Studies can be conducted to identify how actions within teacher education are 

mediating the learning of the student-teachers and socializing them into the 

culture of teachers in general. 

Possible ways of collaboration between the teacher education institute and the 

primary schools could be drawn up. Studies can then be set to evaluate the 

effectiveness of the attempts in facilitating the contextualization of the learning. 

Teachers in the same school need to be encouraged to have more interactions and 

sharing about their teaching. In-service teacher development programmes that 

aims to stimulate teachers to share the materials and ideas and to discuss about 

their teaching can be investigated. 
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Appendix Al Interview questions for student-teachers before or at the start 
of the Curriculum Studies module 

Professional 
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 science teaching? 

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 

1. Does the present 2PC 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? 
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Appendix A2 Interview questions for student-teachers after the Curriculum 
Studies module and before the teaching practice 

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 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? 
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Appendix A3 Interview schedule for student-teachers after the teaching 
practice 

Professional Development: 

360 

1. Have your primary concerns about the teaching of science, and your view of what 
the most 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? 

3. How actually did you go about teaching science topics in the teaching practice? 
Discuss: the preparation, the activities you employed, 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: 
I. 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? 
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Appendix A4 Interview questions for beginning teachers three months after 
beginning teaching 

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, 
etc.? 

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 of teaching and learning science at primary level? What are 
the implications on your practice of teaching science? 

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 teacher as other teachers in the school? 

3. What do you see as the role of the teacher in students' learning science? 
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Appendix AS Interview questions for beginning teachers during the 
implementation of the resource pack or after the lesson observations 

Professional Development 
I. How do you feel about the lesson you have just conducted? 
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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 

I. 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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Appendix A6 Interview questions for beginning teachers after using the 
beginning teaching resource pack 

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? 

*Other questions to be included as arising from the teacher's journals, pupils' work 
and the questionnaire findings. 
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Appendix Bl Journal forms before the implementation of the resource pack 

Part I 
Try to recall the three most impressive science lessons 
in the General Studies subject and write down: 
i) the theme of the lesson, the preparation before the 

lesson, and your consideration of the teaching 
method, 

ii) what happened in the lesson and what activities 
were conducted 

iii) your feelings after the lesson. 
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The theme of the lesson: 

Preparation before the lesson: 
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The teaching method 

Pupils' responses 
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Your feelings after the lesson 
(Are you satisfied with your teaching? Do you think 
the pupils learnt effectively? Did you attempt to use 
the interactive approach or try to find out pupils' 
preconceptions? What kind of support would you like 
to have?) 
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Appendix B2 Journal forms after the implementation of the resource pack 

Part I 
Recall the six most impressive lessons since you 
implemented the materials in the resource pack, and 
write down: 
i) how you implemented the materials in the 

resource pack; 
ii) what happened in the lesson, what were the 

activities, how did the pupils respond, and what 
questions were raised; 

iii) how did you respond to the pupils' questions? 
iv) Do you think that the activities can stimulate 

pupils to think, and how do they stimulate the 
pupils to think? 

v) Do you think that the lesson is successful? 
What is the reason for the success or the 
failure? 

vi) What would you do if you teach the same topic 
again? 

vii) What kind of support would you like to have? 
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Part II 
Topic: ______ Date: ___ Class: __ 

(i) The implementation of the materials in the resource 
pack: 

(ii)what happened in the lesson and what were the 
activities 
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(iii) Pupils' responses 

(iv) What questions did the pupils raise? 

(v) Do you think that the activities can stimulate the 
pupils to think? How? 
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(vi) Do you think that the lesson was successful or 
not? What is the reason for its success or failure? 

(vii) What would you do if you teach the same topic 
again? 

(viii) What kind of support would you like to have? 
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Questionnaires 

Appendix Cl The student-teacher background questionnaire 

Student-teacher Background 
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Below are some questions about you and it would be helpful for us in analysing 

the data. Please circle the appropriate number beside the answer. 

1. Sex 1. Male 

2. Female 

2. The subject that you studied in Form 7 1. Arts 

2. Science 

3. Before you entered the present programme, did you have any full-time working 

experience? 1. Yes 

2.No 

4. Before you entered the present programme, did you have any full-time teaching 

experience? 1. Yes 

2.No 

5. The number of credit points that you studied on science academic studies and 

science curriculum studies: 

1. Academic studies 

2. Science curriculum studies 

6. Did you teach science-related topics in the General Studies in the teaching 

practice? 

7. Is teaching the first choice for your career? 

8. Do you regard teaching as your life-long career? 

1. Yes 

2.No 

1. Yes 

2.No 

1. Yes 

2.No 
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9. Did your enthusiasm to teach change in this teacher education programme? 

1. Yes 

10. Did you find teaching a suitable choice for you? 

2.No 

1. Yes 

2.No 

11. Can you give five reasons for choosing teaching as your career? 

1. The most important reason is: 

2. 

3. 

4. 

5. 

373 
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Appendix C2 Science Teacher Efficacy Beliefs questionnaire 

Please indicate the degree to which you agree or disagree with each statement 

below by circling the appropriate letters to the right of each statement. Please 

consider each in the context of primary teaching in Hong Kong in relation to the 

teaching of General Studies. 

5 = strongly agree 

4 = agree 

3 = uncertain 

2 = disagree 

I = strongly disagree 

I. When a student does better than usual, it is often 5 

because the teacher exerted a little extra effort in getting 

pupils to think. 

2. I am continually finding better ways to teach science- 5 

related topics. 

3. Even when I try very hard, I do not teach science-related 5 

topics as well as I do most topics. 

4. When the grades of students improve, it is often due to 5 

their teacher having found a more effective teaching 

approach. 

5. I know the steps necessary to teach science-related 5 

concepts effectively. 

6. I am not very effective in monitoring science 5 

experiments. 

7. If students are underachieving, it is most likely due to 5 

ineffective science teaching. 

8. I generally teach science-related topics ineffectively. 5 

9. The inadequacy of a student's science background can 5 

be overcome by good teaching. 

IO. The low achievement of some students cannot 5 

generally be blamed on their teachers. 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 2 

3 2 

3 2 

3 2 

3 2 

3 2 

3 2 

3 2 

3 2 

3 2 

1 

1 

I 

I 
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11. When a low-achieving child progresses in science, it is 5 

usually due to extra attention given by the teacher. 

12. I understand science concepts well enough to be 5 

effective in teaching science topics at primary level. 

13. Increased effort in science teaching produces little 5 

change in some students' achievement. 

14. The teacher 1s generally responsible for the 5 

achievement of students. 

15. Students' achievement is directly related to their 5 

teacher's effectiveness in science teaching. 

16. If parents comment that their child is having more 5 

interest in science at school, it is probably due to the 

performance of the child's teacher. 

17. I find it difficult to explain to students why science 5 

experiments work. 

18. I am typically able to answer students' science 5 

questions. 

19. I wonder if I have the necessary skills to teach science- 5 

related topics. 

20. Effectiveness in science teaching has little influence on 5 

the achievement of students with low motivation. 

21. Given a choice, I would not invite the principal to 5 

evaluate my science teaching. 

22. When a student has difficulty understanding a science 5 

concept, I am usually at a loss as to how to help the student 

understand it better. 

23. When teaching science-related topics, I usually 5 

welcome student questions. 

24. I do not know what to do to get students engaged with 5 

science. 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

375 

3 2 1 

3 2 1 

3 2 1 

3 2 1 

3 2 1 

3 2 1 

3 2 1 

3 2 1 

3 2 1 

3 2 

3 2 1 

3 2 1 

3 2 1 

3 2 1 
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25. Even teachers with good science teaching abilities 5 
cannot hel some kids to learn science. 

4 3 

376 

2 1 
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Appendix C3 The science teaching questionnaire 

1. When you are teaching science-related topics in General Studies, how often do 
you employ the following teaching activities? 

5 = In every lesson 

2 = very rarely 
4 = quite often 
1 = never 

0 = not applicable 

a. teacher led discussion a 
b. teacher demonstration b 
c. teacher explanation of a science C 

concept 

d. teacher explanation of the text d 
e. teacher initiated investigations e 
f. pupils discussing in small groups f 
g. pupils discussing as a class g 
h. pupils copying notes from the h 
blackboard 
i. pupils completing worksheets i 
j. teacher checking worksheets with the j 
pupils 
k. pupils completing workbooks k 
I. teacher checking workbooks with the 1 
pupils 
m. test m 
n. pupils doing library research n 

3 = sometimes 

5 4 3 2 1 
5 4 3 2 1 
5 4 3 2 1 

5 4 3 2 1 
5 4 3 2 1 
5 4 3 2 1 
5 4 3 2 1 
5 4 3 2 1 

5 4 3 2 1 
5 4 3 2 1 

5 4 3 2 1 
5 4 3 2 1 

5 4 3 2 1 
5 4 3 2 1 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0 
0 

0 
0 
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2. How much do you agree with the following statements? 

5 = Strongly agree 4 = agree 3 = no opinion 
2 d' 1 1 d' = 1sagree = strong y 1sagree 

a. My previous learning experience in secondary and primary a 5 4 3 2 1 
school science the has strongly influenced my teaching 

b. Pupils can obtain first hand experience about their b 5 4 3 2 1 
environment in learning science 

c. I will minimise science experiments because they are C 5 4 3 2 1 
difficult to arrange 

d. I can't teach pupils a concept until they have developed to a d 5 4 3 2 1 
level where they are ready for it. 

e. My job as a science teacher is to pass on to pupils some of e 5 4 3 2 1 
the knowledge which is available relating to the natural 
world. 

f. I should structure lessons and experiments carefully so that f 5 4 3 2 1 
pupils can discover for themselves how the world works. 

g. It's no good just letting pupils discuss their ideas among g 5 4 3 2 1 
themselves. They tend to focus on the unimportant and the 
irrelevant. 

h. Science is a logical, ordered and exact discipline. There is, h 5 4 3 2 1 
therefore, no place for personal opinions in the teaching of 
science. 

i. I should try to provide pupils with activities and i 5 4 3 2 1 
experiences which they can make sense of in their own terms. 

j. There should be much less emphasis on teaching facts. In j 5 4 3 2 1 
my science teaching, I should concentrate on developing 
pupils' understanding of the processes of science and on 

developing their skills in science. 

k. Pupils hold very few ideas about scientific phenomena k 5 4 3 2 1 
prior to formal science teaching. 

I. Most people (including my pupils) do have their own ideas 1 5 4 3 2 1 
about how things happen. If these ideas work for them, then I 

should take such ideas seriously. 

m. I should provide pupils with good structured explanations m 5 4 3 2 1 
of the text and workbooks for each topic, something they can 

revise at home and learn. 
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3. 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 surf ace of a can of soft drink come from 
the inside of the can. 

What would you do in the next lesson? A list of possible teaching activities is 
given below: 

A. Devise situations, e.g. experiments, to challenge pupils' incorrect ideas of 

properties of air, composition of air and condensation. 

B. Reteach the topic with different examples. 

C. Reteach the topic, using pupils' wrong ideas as a starting point. 

D. Proceed with the next topic because the class did as well as you expected them 

to do on a difficult topic. 

E. Summarize the topic, giving main points and definitions. 

F. Repeat experiments which show the weight of air and that air contains 

moisture. 

G. Create a new test to investigate pupils' ideas further, before deciding what to 

do next. 

H. Ask pupils to re-read the textbook. 

I. Do experiments in which pupils discover the properties and composition of 

air. 
J. Give extra homework questions from the workbook as drill exercises in 

revising the properties and the composition of air. 
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Rank order the activities from "most important" to "least important" and indicate 
those you regard as essential (ES), as helpful (HP) (but not essential) and as 
serving little purpose (LP). 

Activity No. Circle the a 

ES HP LP 
ES HP LP 
ES HP LP 
ES HP LP 
ES HP LP 
ES HP LP 
ES HP LP 
ES HP LP 
ES HP LP 

Least Im ortant ES HP LP 

Write a paragraph explaining reasons for your choice above. 
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Appendix C4 The post teaching practice questionnaire 

Circle the appropriate number 

381 

I .On the whole, do you think that your teaching experience this year has helped to 
increase your confidence in teaching? 
(1) Yes (2) No 

2.Did you teach science topics in this teaching practice period? 
(1) Yes (2) No 

3.Your confidence to teach science topics in comparison with other topics in 
General Studies is: 

(1) greater (2) similar (3) less 

4.Your confidence to teach science topics in comparison with teaching Chinese is: 
(1) greater (2) similar (3) less 

5.Your confidence to teach science topics in comparison with teaching 
mathematics is: 

(1) greater (2) similar (3) less 

6. Rate the difficult of the following problems in teaching science: 

5 means having great difficulty 1 means having slight difficulty 
0 means no difficulty 

a. understanding pupils' preconceptions 

b. having sufficient science academic knowledge 

c. conducting activities 

d. conducting experiments 

e. classroom management 

f. stimulating pupils to think. 

543210 

543210 

543210 

543210 

543210 

543210 
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Appendix CS The beginning teaching questionnaire 

Circle the appropriate number 

1. On the whole, do you think that your teaching experience this year has helped 

to increase your confidence in teaching? 

(l)Yes (2)No 

2. Your confidence to teach science topics in comparison with other topics in 

General Studies is: 

(1) greater (2) similar (3) less 

3. Your confidence to teach science topics in comparison with teaching Chinese 

is: 

(1) greater (2) similar (3) less 

4. Your confidence to teach science topics in comparison with teaching 

Mathematics is: 

(1) greater (2) similar (3) less 

5. Rate the difficulty of the following problems in teaching science: 

5 means having great difficulty 1 means having slight difficulty 

0 means no difficulty 

g. understanding pupils' preconceptions 

h. having sufficient science academic knowledge 

i. conducting activities 

j. conducting experiments 

k. classroom management 

I. stimulating pupils to think. 

543210 

543210 

543210 

543210 

543210 

543210 



Appendix 383 

AppendixD 
Sample of materials from 

the Curriculum Studies Module 

Below is an exemplary teaching schedule designed based on a constructivist view 
of learning. 
(Used in Session 2) 

Primary Four, Age 10 

Topic : Air (20 periods in the time-table of the primary school) 

Composition of Air 

Possible preconceptions Changes in concepts 
Burning requires air, may Oxygen in air supports 
not know specifically about burning. 
Oxygen consumption. 
Burning gives out smoke, Burning produces Carbon 
black soot, not know about Dioxide. 
Carbon Dioxide production. 
Pupils think that air is made Cutting off Oxygen stops 
up of one substance. burning. 
View oxygen necessary for (application: putting out a 

I 
Activity or Experiment 
1. To focus on or elicit 
preconcepts. 
Cover burning candle with 
glass. 

burning but not regard it as fire) What will happen? Why? 
a reacting substance. 

Air contains moisture 
Pupils may not realise 
where the water condensed 
on the can comes from. 

How will the flame change? 
2. Burning candle in a 
trough of water. Invert 
glass over candle. 
Consumption of Oxygen. 

3. Lime water test for 
carbon dioxide. 
4. Fire extinguisher. 
5. Condensation of water 
droplets on a can of soft 
drink. 

Properties of Air I: no smell, no taste, exists everywhere, gas state 



Possible preconceptions 

1. Magnifying, magic glass 

Draw or represent: nothing 
in a flask 

Continuous vs particulate 
model 

Appendix 

Changes in concepts 

Continuous (C) ~ 

Particulate (P) ~ 

CTV 

PTV 

PE 

384 

Activity or Experiment 
Continuous model 
1. Immersing a model 
"house" into water, analogy 

that air fills up all "empty" 
space (also with sugar cube 
or a piece of brick) 

2. See cigarette smoke in a 
bottle. 
3. Difference in weight by 
same volume of air and 

If half of the air is taken water. 
out, what will be left? See similarity between 

Continuous top vacuum invisible/ unfamiliar gas 
CTV behaves like visible / 
Continuous Expanded CE familiar liquid through 
Particulate top vacuum PTV further experiments. 
Particulate Expanded PE 

Pupils less sure that air was 
contained inside a sealed 
vessel. 
Associate the presence of 
air only with the sensation 
felt when it moved. 
Not aware that air possesses 
material, think that air has 
transient character like 
'thoughts'. 

Implications: 
a. How to help pupils 

visualise air filling up all 

empty space m between 

objects and therefore cannot 

be partial vacuum model? 
b. How to help pupils 

visualise similarities 

between gas and liquid and 
differences between them? 

see difference 

4. Different compressibility 
of air and water. 



Properties of air II: Air 

Occupies space and has 
weight 
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Not taking up space, air taking up space 

weightless or not weight of air 
having mass. 

Because gas tends to 
rise of float. 

"Gas 1s light" notion 

common in years 9 and 
10. 

Air has negative weight. 
"Float around" rather 

than "press down". 

Some pupils associate 
pressure of au with 
gravity. 

385 

1. Moving air is wind -­

using fan 

Show that air takes up space 

-- plastic bag and balloon 

2. Invert glass experiments. 

LilJ 
3. What weight can a bag of 
air uphold? 

4. Predict the weight of a 

cup of soda water before 
and after bubbles have 
escaped from it. 
5. Weight of air 

balance of 
balloons vs 

balloons 

uninflated 

inflated 
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Air and organisms I 
Possible preconceptions Changes in concepts Activity or Experiment 
Increased tendency with Which organisms breath? 1. Experience of buying 
age to identify carbon a man/ a flower/ a leaf/ goldfish 

dioxide and oxygen seaweed/ a grasshopper/ a 2. Hydrilla when dark gives 
rather than only air. fish out bubbles of carbon 
Air is not used by plants - plant vs animal dioxide - bicarbonate 
or plants and animals - land vs water habitat indicator 
use air m opposite - different types of animals Breathing: breathe on a 
ways. or Which will die in mirror, or on hands 
Breathing or respiration enclosed container? Why? 
taken to be 
synonymous. Breathing 
Pupils know that air is Man 
necessary for life, 

limited idea of what Animal - land, water 
happens to inhaled air. 

Air and Plants 

Possible preconception 
Disbelief that plants' 
growth or increase in 
mass is due to 
incorporation of matter 
in the form of gas 

Plant - land, water 

Changes in concepts 
Do plants eat at all? 
How do plants eat? 

Plants take in oxygen 

because of difficulties Photosynthesis 

Activity or Experiment 
Hydrilla gives out bubbles 
of Oxygen in the light, test 
with relight glowing splint. 
Starch test for leaves under 
light and dark conditions. 
Leaf uses carbon dioxide -­
put a leaf in a test tube with in accepting that gas is 

a substance. Take in Carbon Dioxide bicarbonate indicator. 
Believe that plants do 
not respire at all or they 
respire only in the dark. 
48% of 12-14 years old 
thought that gas used in 
photosynthesis enters 
the plant through the 

roots or stem. 

under light and produce 
Oxygen 

Dark, take in Oxygen and 
give out Carbon Dioxide 

I 
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Air and our Living 

Chemical change, focus 1. Rusting: compare 

attention on one of the different metals; conditions 

participating or reacting under which rusting occurs. 

materials, regard one Nail placed at different 

material as the cause of places inside the house. 

an observed change. 2. Air pollution: place 

vaseline card indoor and 

outdoor. 
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AppendixE 
Sample of materials from the resource pack 

on the topic "heat" 

Outline of the topic "heat" from the resource pack 
S dN b f u1:rn:este um er o periods: 15 
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 Skin can tell hotness 
degree of hotness. and coldness but it is 

not accurate. 
Experience of using We use a How do we measure 
a clinical thermometer to the temperature? 
thermometer. Have measure the - using a finger 
seen readings of temperature - using a 
temperature in accurately. thermometer. 
weather reports. 

Expansion and What is meant by When temperature is What is meant by 
Contraction expand or high, things will expansion? 

expansion? expand. What is meant by 
What does contract When temperature is contraction? 
or contraction low, things will 
means? 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 application of 
shorter. this idea is found in 

building roads, 
pedestrian cross-
overs and railways. 

The transfer of heat Knowledge of what Heat is transferred The transfer of heat 
is metal and non- from one end of the from one end of the 
metals. object to another. metal rod to another. 
Experience that Metal is a good The transfer of heat 
metals "feels" hotter conductor of heat in rods made of 
compared with non- and other materials glass, plastic, wood 
metals at high like plastics are poor and metal. 
temperatures. conductors of heat. 

Household utensils Applying the idea of 
are designed based good and poor 
on this idea of good conductors of heat. 
and poor conductors. 
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Activity 1 Producing heat 

This part helps pupils to realise that there are a number of ways of producing heat. 
Pupils may have known about various sources of heat production e.g. the sun, fire, 
by burning something. Knowing that something is hot is different from being to 
tell how the heat is produced. Burning, electricity and friction are actually 
methods or means of heat production. The worksheet addresses the question of 
how heat is produced rather than just stating which are the objects that are hot. 
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Worksheet 

Colour red in the picture the parts that produce heat. 

A light bulb A heater with an electrical filament A candle 

I 

An electrical water kettle The Sun Rubbing the hands 

How do you think heat is produced? 

Can you suggest other ways of producing heat? 
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Having coloured the parts that produce heat, the teacher should discuss with the 
pupils how they think the coloured part can produce heat. The above examples 
will suggest that electricity and burning produce heat. The teacher can then ask 
the pupils to suggest other possible ways of producing heat e.g. by friction and 
eating. Actually, metabolism or, to the pupils, eating is also a way of producing 
heat. 
This part is trying to get pupils to realise that we have met temperature readings in 
our daily life. The worksheet may be done at home and pupils are asked to record 
the temperature of the day for the week. 
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Worksheet 

The temperature of this week is: 

Temp 
era 
ture 
How 
do 
you 
feel? 

Monday Tuesday Wednes Thurs Friday Saturday Sunday 
day day 

~~~~~~~ 
©©©©©©© 
@@@@@@@ 

Choose one day to record your body temperature: 

My body temperature is ______ . I am / am not feeling well. 
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The teacher can then discuss with the pupils about the temperature of the week 
and whether it feels cold or hot with different temperatures. The pupils will also 
note their own body temperature. 

Measuring temperature therefore means measuring the degree of hotness or 
coldness. The teacher can ask the pupils to feel the temperature of a cup of water 
and tell whether it is hot or cold. 
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Worksheet 

Put your finger into the cup and tell your classmate how hot the cup of water is. 
Ask another classmate to feel the water and tell the group how hot it is. 

Now put your finger into a cup of ice water and put it into the cup of tap water. 
How does it feel? Why? 
The icy water is and the tap water is ______ _ 

Put another finger into the cup of warm water and put it into the tap water again. 
How does it feel? Why? 

The warm water is ______ and the tap water is ______ _ 

Why does the same cup of tap water give you different feelings of hotness? 

How can we tell the temperature of the cup of tap water? 
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Activity 2 Measuring temperatures 

The teacher can start the discussion by referring to the experience of measuring 
their body temperature. The pupils have used the clinical thermometer and the 
teacher can ask them to give a description of how to use it. The teacher can also 
give other examples of thermometers like the one that is used for recording room 
temperature. Then the activity is about how to use the thermometer. 
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Worksheet 

Can you read the temperatures in the picture? 

A cup of cold soft drink A cup of hot soup 

The temperature of water in the bath tub A cup of tea 



References 397 

References 

Abd-El-Khalick, F. and BouJaoude, S. (1997). An exploratory study of the 
knowledge base for science teaching. Journal of Research in Science 
Teaching, 34(7), 673-699. 

Agar, M. ( 1986). Speaking of Ethnography. Beverly Hills, CA: Sage. 

Alexander, R.J. ( 1995). Versions of Primary Education. London: Routledge. 

Anderson, J. R., Reder, L.M. and Simon, H.A. (1996). Situated learning and 
education. Educational Researcher, 25(4), 5-11. 

Applegate, J.H., Flora, V.R. and Laseley, T. (1980). New teachers seek support. 
Educational Leadership, 38,74-76. 

Appleton, K. ( 1997). Analysis and description of students' learning during science 
classes using a constructivist-based model. Journal of Research in Science 
Teaching, 34(3), 303-318. 

Appleton, K. and Asoko, H. ( 1996). A case study of a teacher's progress toward 
using a constructivist view of leanring to inform teaching in elementary 
science. Science Education, 80(2), 165-180. 

Ashton, P.T., Webb, R.B. and Doda, N. (1983). A study of teachers' sense of 
efficacy (final report, executive summary). Gainesville: University of Florida. 

Ausubel, D. (1968). Education Psychology. N.Y: Holt, Rinehart and Winston. 

Bailey, K.D. ( 1978). Methods of Social Research. London: Collier-Macmillan. 

Baird, J.R. and Northfield, J.R. (1987). Improving the quality of teaching and 
learning: An Australian case study - The Peel Project. Melbourne, Victoria, 
Monash: University of Printery. 

Bandura, A. ( 1977). Self-efficacy: Toward a unifying theory of behavioural 
change. Psychological Review, 84, 191-215. 

Barker, M. ( 1991 ). Science in the Classroom. Waikato Education Centre 

Bell, B. (1993a). Taking into account students' thinking. A teacher development 

guide. Hamilton: Centre for Science and Mathematics Education Research, 
University of Waikato. 



References 398 

Bell, B. (1993b). I know about LISP but how do I put it into practice? Final 
report of the learning in science project (teacher development), Hamilton: 
Centre for Science and Mathematics Education Research, University of 
Waikato. 

Bell, B. (1999). Formative assessment and science education: Modeling and 
Theorising. Paper presented at the seminar to celebrate the work of Rosalind 
Driver, York, UK, September, 6-8 1999. 

Bell, B. and Pearson, J. (1993). "Better" learning, International Journal of 
Science Education, 14(3), 349-61. 

Bell, B. and Gilbert, J. (1996). Teacher development: A model from science 
education. London: Palmer Press. 

Bennett, N. and Carre, C. (1993). Learning to Teach. London: Routledge. 

Benson, D.L., Wittrock, M.C. and Baur, M.E. (1993). Students' preconceptions of 
the Nature of Gases. Journal of Research in Science Teaching, 30(6), 5S7-
597. 

Blase, J. ( 1986). Socialization as humanization: One side of becoming a teacher. 
Sociology of Education, 59, 100-113. 

Bodrova, E. and Leong, D.J. (1996). Tools of the Mind. USA:Prentice Hall. 

Bogdan, R.C. and Biklen, S.K. (1992). Qualitative Research for Education. An 
Introduction to Theory and Methods. Allyn and Bacon, London. 

Borko, H. and Putnam, R. T. (1996). Learning to Teach. In Berliner, D.C. and 
Calfee, R.C. (Eds.), Handbook of Educational Psychology, p.673-707, USA: 
Macmillan. 

BouJaoude, S.B. (1991). A study of the nature of students' understandings about 
the concept of burning. Journal of Research in Science Teaching, 28(8), 689-. . 
704. 

Brown, D. C. and Clement, J. (1989). Overcoming misconceptions by analogical 

reasoning: abstract transfer versus explanatory model construction. 
Instructional Science, 18, 237-261, 

Brown, D.E. (1992). Using examples and analogies to remediate misconceptions 
in physics: Factors influencing conceptual change. Journal of Research in 
Science Teaching, 29(1), 17-34. 



References 399 

Burlingame, M. (1972). Socialization constructs and the teaching of teachers. 
Quest, 18, 40-56. 

Busher, H., Clarke, S. and Taggart, L. (1988). Beginning teachers' learning. In 

Calderhead, J. (Ed.), Teachers' Professional Leaming, London: Falmer Press. 

Calderhead, J. ( 1988). The development of knowledge structures in learning to 

teach. In Calderhead, J. (Ed.), Teachers' Professional Leaming. London: 
Falmer Press. 

Calderhead, J. (1991). The nature and growth of knowledge in student teaching. 
Teaching and Teacher Education, 7, 531-536. 

Calderhead, J. and Robson, M. (1991). Images of teaching: Student teachers' early 

conceptions of classroom practice. Teaching and Teacher Education, 7(1), 1-
8. 

Carey, S. (1985). Conceptual change in childhood. Cambridge, MA: MIT Press.(a 
Bradford book). 

Carin, A.A. (1993). Teaching Modem Science (6th Edition). New York: 
Macmillan Publishing Company. 

Caruso, J.J. (1977). Phases in student teaching. Young Children, 33(1), 57-63. 

Cater, K. ( 1990). Teachers' knowledge and learning to teach. In W.R. Houston 
(Ed.), Handbook of research on teacher education (pp.291-310). New York: 

Macmillan. 

Chan, S.Y. (1996). Mentoring in a primary school in Hong Kong. Paper presented 

at the 13th Annual Conference, The Hong Kong Educational Research 

Association. Hong Kong. 

Champagne, A. B., Gunstone, R. F. and Klopfer, L.E. (1985). Effecting changes 

in cognitive structures among physics students. In West, L. and Pines A. 

(Eds.), Cognitive Structure and Conceptual Change, USA: Academic Press. 

Cheng, M.H. ( 1999). Teaching Resources Book - Heat, Centre of Science, 

Mathematics and Technology Education Research, University of Waikato. 

Cheng, M.H. ( 1997). Student-teachers' perceptions of science teaching. Paper 

presented at the ISATT Conference. Keil, Germany. 



References 400 

Cheng, M.H. and Pang, K.C. (1997). Teacher socialization: Implications for 
management of teacher education programmes. Education and Training, 195-
203. 

Chia S.K., Diong C.H. and Toh K.A. (1994). Professional characteristics and 
teacher professionalism of secondary school teachers. Singapore Journal of 
Education, 14(1), 55-66. 

Chin, P. ( 1997). Teaching and Learning in Teacher Education: Who is Carrying 
the Ball? In Loughran, J. and Russel, T. (1997) Teaching about Teaching: 
Purpose, Passion and Pedagogy in Teacher Education, The Palmer Press: 
London. 

Clarke, A. (1997). Advisor as Coach. In Loughran, J. and Russell, T. (Eds.), 
Teaching about teaching: purpose, passion and pedagogy in teacher 
education, London: The Palmer Press. 

Cohen, L.C. and Manion, L. (1994). Research Methods in Education. London: 
Routledge. 

Cooke, B.L. and Pang, K.C. (1991). Recent research on beginning teachers: 
Studies of trained and untrained novices. Teaching and Teacher Education, 
7(1), 93-110. 

Cosgrove, M. and Osborne, R. (1985). Lesson Frameworks for Changing 
Children's Ideas. In Osborne, R. and FJ~berg, P. (Eds.) Leaming in Science: 
The implications of childrens science,~ Heinemann. 

Crawford, H.J. and Christensen, L.B. (1995). Developing research skills: A 
laboratory manual. Boston: Allyn and Bacon. 

Crow, N. (1986). The role of teacher education in teacher socialization: A case 
study. Paper presented at the 701h Annual Meeting of the American 
Educational Research Association. San Francisco, USA. 

Curriculum Development Council (1994). CDC Syllabus for General Studies 
(Primary I to VI). Hong Kong: Government Printer. 

Day, C. and Hadfield, M. (1995). Metaphors for movement: account of 
professional development. Paper presented at the European Conference of 

Educational Research, Bath, UK. 

De Latt, J. and Watters, J.J. (1995). Science teaching self-efficacy in a primary 
school: A case study. Research in Science Education, 25(4), 453-464. 



References 401 

Deal, T.E. and Chatman, R.M. ( 1989). Learning the ropes alone: socializing new 
teachers. Action in Teacher Education, 11, 21-29. 

Demastes, S.S., Good, R.G. and Peebles, P. (1996). Patterns of conceptual change 
in evolution. Journal of Research in Science Teaching, 33( 4 ), 407-431. 

Diapoto, R.G. ( 1980). Affective changes associated with student teaching. College 
Student Journal, 14(2), 190-194. 

Drew, C. J., Hardman, M.L. and Hart, A.W. (1996). Designing and conducting 

research: inquiry in education and social science. Boston: Allyn and Bacon. 

Driver, R. (1981). Pupils' alternative frameworks in science, European Journal of 
Science Education, 3( 1 ), 93-101. 

Driver, R., Asoko, H., Leach, J., Mortimer, E. and Scott, P. (1994). Constructing 
scientific knowledge in the classroom. Educational Researcher, 23(7), 5-12. 

Driver, R., Guesne, E. and Tiberghien, A. (1985). Children's Ideas in Science, 
Open University Press, Milton Keynes, UK. 

Duesterberg, L.M. ( 1998). Rethinking culture in the pedagogy and practice of 
preservice teachers. Teaching and Teacher Education, 14(5), 497-512. 

Ebenezer, J.V. and Connor, S. (1998). Learning to Teach Science: A model for the 
2r1 century. Prentice Hall: United States. 

Education Commission (1992). Education Commission Report No. 5, 
Government Printer, Hong Kong. 

Enochs, L.G. and Riggs, J.M. (1990). Further development of an elementary 
science teaching efficacy belief instrument: A preservice elementary scale. 
School Science and Mathematics, 90(8), 694-706. 

Etheridge, C.P. ( 1989). Acquiring the teaching culture: How beginners embrace 
practices different from university teachings. Qualitative Studies in Education, 

2(4), 200-313. 

Fraser, B.J. and Tobin, K.G. (1998). International Handbook of Science 

Education. London: Kluwer Academic Publishers. 

Feiman-Nemser, S. (1989). Describing Teacher Education: A Framework and 
Illustrative findings from a longitudinal Study of six students. Elementary 

School Journal, 89(3), 365-378. 



References 402 

Feiman-Nemser, S. and Floden, R. (1986). The cultures of teaching. In Wittrock, 
M.C. (Ed.), Handbook of Research on Teaching (pp.505-26). New York: 
Macmillan. 

Feiman-Nemser, S. and Remillard, J. (1993). Perspectives on learning to teach. 
In Murray, F.B. (Ed.), The Teacher Educator's Handbook, p. 63-91, American 
Association of Colleges for Teacher Education. 

Fessler, R. and Christensen, J.C. (1992). The Teacher Career Cycle: 
Understanding and Guiding the Professional Development of Teachers. 
Massachusetts: Allyn and Bacon. 

Fleer, M. and Hardy, T. (1996). Science for Children. USA: Prentice Hall. 

Gibson, S. and Dembo, M.H. (1984). Teacher efficacy: A construct validation. 
Journal of Educational Psychology, 76(4), 569-582. 

Ginns, I.S., Tulip, D.F., Watters, J.J. and Lucas, K.B. (1995). Changes in 
preservice elementary teachers' sense of efficacy in teaching science. School 
Science and Mathematics, 95(8), 394-400. 

Gipps, C. ( 1995). 'Towards appropriate and effect pedagogies'. Report to 

UNESCO, ULIE. 

Gipps, C., Mccallum, B. and Brown, M. (1999). Primary teachers' beliefs about 
teaching and learning. The Curriculum Journal, 10(1), 123-134. 

Gilligan, C. (1982). In a different voice: Psychological theory and woman's 
development. Cambridge, Mass.: Harvard University Press. 

Goodman, J. ( 1987). Factors in becoming a proactive elementary school teacher: 
A preliminary study of selected novices. Journal of Education for Teaching, 

13,207-229, 37, 6-11. 

,,,---- ·,'\ 

(G',~s-Ne~som~, J. (1999). Pedagogical Content Knowledge: An Introdu~ti.on 
Land Onentat1on. In Gess-Newsome, J. and Lederman, N. G (Eds.) Examining 

Pedagogical Content Knowledge, 3-17, Netherlands: Kluwer Academic 

Publishers. 

Gunstone, R.F. and Northfield, J. (1992). Conceptual change in teacher 

education: The centrality of metacognition. Paper presented at the Annual 
Meeting of the American Educational Research Association. San Francisco, 

USA. 



References 403 

Gutmann, A. (1987). Democratic Education. Princeton, N.J.: Princeton 
University Press. 

Haig-Brown, C. (1992). Choosing border work. Canadian Journal of Native 

Education, 19( 1 ), 96-116. 

Halliday, J. ( 1996). Back to Good Teaching, Diversity in Tradition. London: 
Cassell. 

Harlen, W. ( 1998). Teaching for understanding in pre-secondary science. In 
Fraser, B.J. and Tobin, K.G. (Eds.), International Handbook of Science 
Education, part one (pp. 183-218). 

Harrington, G.N. and Sacks, S.R. (1984). Student to teacher: novel strategies for 
achieving the transition. Journal of Education for Teaching, 10(2), 154-163. 

Hewson, P. W. and Hewson, M. G. A. B. (1987). Science teachers' conceptions of 
teaching: Implications for teacher education. International Journal of Science 
Education, 9( 4 ), 425-440. 

Hoban, G. ( 1997). Leaming about learning in the context of a science methods 
course. In Loughran, J. and Russell, T., Teaching about Teaching: Purpose, 
Passion and Pedagogy in Teacher Education. London: Palmer Press. 

Howe, C.A. ( 1996). Development of science concepts within a Vygotskian 
framework. Science Education, 80(1), 35-51. 

Huberman, M. (1993). Teacher development and instructional mastery. In 
Hargreaves, A. and Pullan, M.G. (Eds.), Understanding Teacher Development, 
New York: Teachers College Press. 

Johnston, J.M. (1981). First year teachers: Perceptions of changes. Wisconsin: 
University of Wisconsin-Milwaukee. 

Johnston, K. (1990). Children's learning in science project, interactive teaching 
in science: Workshops for training courses. Leeds: University of Leeds. 

Kagan, D.M. ( 1992). Professional growth among preservice and beginning 
teachers. Review of Educational Research, 62(2), 129-169. 

Kelly, G. (1969). Ontological acceleration. In Mather, B. (Ed.), Clinical 
Psychology and Personality: The Selected Papers of George Kelly (pp. 15-
24). New York: Wiley. 



References 404 

Kennedy, M. M. ( 1998). Leaming to Teach Writing. Teachers College Press, 
Columbia University: New York and London. 

Kilgore, K., Ross, D. and Zbikowski, J. (1990). Understanding the perspectives of 
first-year teachers. Journal of Teacher Education, 41, 28-38. 

Koballa, T.R. and Bethel, L.J. (1991). Integration of science and other school 
subjects. In D. Holdzkom and P.B. Lutz (Ed.), Research with reach: Science 
education (pp. 79-107). USA: NSTA publication. 

Koehler, V. (1983). A research for the content of teacher education. In D. Smith 
(Ed.), Essential knowledge for beginning educators (pp.1-14 ). Washington, 
D.C.: American Association of Colleges for Teacher Education. 

Lacey, C. (1977). The Socialization of Teachers. London: Methuen. 

Law, N. (1997). Science and Mathematics Achievements at the mid-primary level 
in Hong Kong. TIMSS Hong Kong Study Centre, University of Hong Kong. 

Lederman, N.G. and Gess-Newsome, J. (1999). Reconceptualizing secondary 
science teacher education. In Gess-Newsome, J. and Lederman (Eds.), N.G., 
Examining Pedagogical Content Knowledge, 199-213, Netherlands: Kluwer 
Academic Publishers. 

Lin, H.Y. and Yang, K.S. (1995). A Developmental Study on Teacher Concerns. 
Paper presented at the International Conference of Teacher Education in the 
Asian Region. Hong Kong. 

Liston, D.P. and Zeichner, K.M. (1991). Teacher education and the social 
conditions of schooling. New York: Routledge. 

Lortie, D.C. ( 1975). Schoolteacher. Chicago: University Press of Chicago Press. 

Louden, W. and Wallace, J. (1994). Knowing and teaching science: The 
constructivist paradox. International Journal of Science Education, 16, 649-

657. 

Loughran, J. (1997). Teaching about teaching: Principles and practice. In 
Loughran, and Russell, T., Teaching about Teaching: Purpose, Passion and 

Pedagogy in Teacher Education. London: Palmer Press. 

Mahlios, M. and Maxson, M. ( 1995). Capturing preservice teachers' beliefs about 
schooling, life and childhood. Journal of teacher education, 46(3), 192-199. 



References 405 

McDevett, T. M, Heikkinen, H.W., Alcorn, J.K., Ambrosio, A.L. and Gardner, 
A.L. (1993). Evaluation of the preparation of teachers in science and 
mathematics: Assessment of preservice teachers' attitudes and beliefs. Science 
Education, 77, 593-610. 

McDiarmid, G.W., Ball, D.L. and Anderson, C.R. (1989). "Why staying one 
chapter ahead doesn't really work: subject-specific pedagogy. In Reynolds, 
M.C. (Ed.), Knowledge base for the beginning teacher. Elmsford, N.Y.: 
Pergamon Press. 

Meyer-Smith, J. and Mitchell, I.J. (1997). Teaching about constructivism: Using 
approaches informed by constructivism. In Richardson, V. (Ed.), 
Constructivist Teacher Education: Building New Understandings. London: 
The Falmer Press. 

Mikkelsen, N. (1985). Teaching teachings: What I learn. Language Arts, 62(7), 
742-53. 

Miles, M.B. and Huberman, A.M. (1994). Qualitative Data Analysis. USA: Sage 
Publications Ltd. 

Millar, R. and Driver, R. (1987). Beyond process. Studies in Science Education, 
14, 33-62. 

Mun by, H. and Russell, T. ( 1997). Epistemology and context in research on 
learning to teach science. In Tobin, K. and Fraser, B. (Eds.), International 
Handbook of Science Education, Dordrecht, Netherlands: Kluwer Publisher. 

Neuman, W.L. (1997). Social Research Methods: Qualitative and Quantitative 
Approaches. USA: Allyn and Bacon. 

Northfield, J. and Gunstone, R. (1997). Teacher education as a process of 
developing teacher knowledge. In Loughran, J. and Russell, T. (Eds.), 
Teaching about teaching: purpose, passion and pedagogy in teacher 
education, London: The Falmer Press. 

Northfield, J., Gunstone, R. and Erickson, G. (1996). A Constructivist 
Perspective on Science Teacher Education. In Treagust, D.F., Duit, R. and 
Fraser, B.J. (Eds.), Improving Teaching and Leaming in Science and 
Mathematics, 201-211. 

Oakley, A. ( 1981 ). Interviewing women: A contradiction in terms. In Roberts, H. 
(Ed.) Doing Feminist Research. London: Routledge. 



References 406 

O'Loughlin, M. (1992). Rethinking science education: Beyond Piagetian 

constructivism towards a socio-cultural model of teaching and learning. 
Journal of Research in Science Teaching, 29(8), 791-820. 

O'Neal, S.F. and Hoffman, J.V. (1984). Curriculum decision making and the 
beginning teacher (ERIC Document No. ED 251 439). University of Texas, 
Austin. 

Olson, M.R. and Osborne, J.W. (1991). Learning to teach: The first year. Teacher 
and Teacher Education, 7(4), 331-343. 

Osborne, R. and Freyberg, P. ( 1985). Leaming in Science. Auckland: 
Heinemann. 

Osborne, R.J. and Gilbert, J.K. (1980). A technique for exploring students' views 
of the world. Physics Education, 15, 376-379. 

Osborne, R.J. and Wittrock, M. (1985). 'The generative learning model and- its 
implications for learning in science', Studies in Science Education, 12, 59-87. 

Parsons, T. (1951). The social system. London: Routledge and Kegan Paul. 

Pea, R. (1993). Distributed intelligence and designs for education. In Salomon, G 
(Ed.), Distributed Cognitions: Psychological and Educational 
Considerations. Cambridge University Press. 

Pearson, J. and Bell, B. (1993). The teacher development that occurred: A report 
of the learning in science project (teacher development). Centre of Science, 

Mathematics and Technology Education Research, University of Waikato. 

Pedersen, J.E. and Mccurdy, D.W. (1992). The effects of hands-on, minds-on 

teaching experiences on attitudes of preservice elementary teachers. Science 
Teacher Education, 76(2), 141-146. 

Perkins, D.N. (1993). Person-plus: A distributed view o(thinking and learning. In 

Salomon, G. (Ed.), Distributed cognitions: Psychological and educational 
considerations. New York: Cambridge University Press 

Peterman, F. P. ( 1991 ). An experienced teachers emerging constructivist beliefs 
about teaching and learning. Paper presented at the Annual Meeting of the 

American Educational Research Association. Chicago, IL, USA. 

Piaget, J. (1970). Piaget's theory. In Mussen, P. (Ed.), Carmichaels Manual 
Child Psychology (pp. 61-84). New York: Wiley. 



References 407 

Pope, M. and Gillbert, J. (1983). Personal experience and the construction of 

knowledge in science. Science education, 67(2), 193-203. 
Ramey-Gassert, L. and Schroyer, M.G. (1992). Enhancing science teaching self­

efficacy in preservice elementary teachers. Journal of Elementary Science 
Education, 4, 26-34. 

Ramey-Gassert, L., Shroyer, M.G. and Staver, J.R. (1996). A qualitative study of 

factors influencing science teaching self-efficacy of elementary level teachers. 
Science Education, 80(3), 283-315. 

Reinharz, S. (1992). Feminist methods in social research. Oxford: Oxford 
University Press. 

Resnick, L. (1991). Shared cognition: Thinking a social practice. In Resnick, L., 
Levine, L. and Teasley, S. (Eds.), Perspectives on Socially Shared Cognition. 
Washington, DC: American Psychological Association. 

Riggs, I.M. and Enochs, L.G. (1990). Toward the development of an elementary 
teacher's science teaching efficacy belief instrument. Science Education, 
74(6), 625-637. 

Rogoff, B. (1991). The Joint Socialization of Development by Young Children 
and Adults. In Lewis, M. and Feinman, S.(Eds.), Social Influences and 
Socialization in Infancy, New York: Plenum Press. 

Rogoff, B. (1995). Observing sociocultural activity on three planes: Participatory 
appropriation, guided participation and apprenticeship. In Wertsch, J ., del 

Rfo,P. and Alvarez, A. (1995). (Eds.), Sociocultural Studies of Mind. New 

York: Cambridge University Press. 

Rosenholtz, S., Bassler, 0. and Hoover-Dempsey, K. (1986). Organizational 

conditions of teacher learning. Teaching and Teacher Education, 15, 225-243. 

Russell, T. ( 1997). Teaching teachers: How I teach IS the message. In Loughran, 

J.' and Russell, T., Teaching about Teaching: Purpose, Passion and Pedagogy 
in Teacher Education. London: Palmer Press. 

Russell, T., Harlen, W., and Watt, P. (1989). Children's ideas about evaporation. 

International Journal of Science Education, 11, 566-576. 

Salomon, G. (1993). No distribution without individual's cognition: A dynamic 

interactional view. In Salomon, G. (Ed.), Distributed Cognitions: 
Psychological and Educational Considerations. New York: Cambridge 

University Press. 



References 408 

Salomon, G and Perkins, D. (1998). Individual and social aspects of learning. 
Review of Research in Education, 23, 1-24. 

Schamann, L. and Orth Hampton, C.M. (1995). Cooperative learning and 

preservice elementary teacher science self-efficacy. Journal of Science 
Teacher Education, 6, 125-133. 

Schempp, P.G. and Graber, K.C. (1992). Teacher socialization from a dialectical 

perspective: Petraining through induction. Journal of Teaching in Physical 
Education , 11, 329-348. 

Schratz, M. ( 1993). Through the looking glass: The use of associative methods to 
enhance teacher thinking. In Elliot, J. (Ed.), Reconstructing teacher 
education: Teacher development. London: The Palmer Press. 

Scott, P. ( 1999). An analysis of science classroom talk in terms of the 
authoritative and dialogic nature of the discourse. Paper presented at the 1999 
NARST Annual Meeting. Boston, USA. 

D ,qq£ ~ t-..._r+ 
Shaughnessy, J. J. and Zechmeister, E. B. Z (1~ Research Methods in 

Psychology, USA: The McGraw-Hill Companies, Inc. 

Shulman, L. ( 1986). Those who understand: Knowledge growth in teaching. 
Educational Researcher, 15(2), 4-14. 

Shulman, L. (1987). Knowledge and teaching: Foundations of the new reforms. 

Harvard Educational Review, 57, 1-22. 

Skamp, K. (1995). Student teachers' conceptions of how to recognise a "good" 

primary science teacher: Does two years in a teacher education program make 

a difference? Research in Science Education, 25(4), 395-429. 

Smith, M.L. and Gene V.G. (1987). Research and Evaluation in Education and 
the Social Sciences. Englewood Cliffs, NJ: Prentice-Hall. 

Smith, R.B. (1987). Linking quality and quantity. Part I: Understanding and 

explanation. Quantity and Quality, 21, 291-311. 

So, W. M., Cheng, M . H., Tsang, J ( 1996). Identification of Potential Problems in 
the Teaching of Science-related Topics in General Studies Syllabus, 
Proceedings of Science & Technology Education Conference '96. 



References 409 

Stavy, R. and Berkovitz, B. (1980). Cognitive conflict a basis for teaching 
quantitative aspects of the concept of temperature. Science Education, 64, 
679-692. 

Stavy, R. ( 1990). Children's conception of changes in the state of matter: From 
liquid (or solid) to gas. Journal of Research in Science Teaching, 27(3), 247-
266. 

Stofflet, R.T. and Stoddart, T. (1994). The ability to understand and use 
conceptual change pedagogy as a function of prior content learning 
experience. Journal of Research in Science Teaching, 31(1), 31-51. 

Su, J .Z.X. (1993). The study of the education of educators: A profile of teacher 
education students. Journal of Research and Development in Education, 
26(3), 125-132. 

Sutton, R.E., Cafarelli, A., Lund, R., Schurdell, D. and Bichsel, S. (1996). A 
developmental constructivism approach to pre-service teachers' way_ of 
knowing. Teaching and Teacher Education, 14(4), 413-427. 

Tasker, R. and Freyberg, P. ( 1985). Facing the mismatches in the classroom. In 
Osborne, R. and Freyberg (Eds.), Le~iu Sc.k.TJr;_e._, tJong Kong: 
Heinemann. 

Tobin, K. (1992). Conceptual change, teacher education and curricular reform. 
Paper presented at the Annual Meeting of the American Educational Research 
Association. San Francisco, USA. 

Tobin, K. (1993). The Practice of Constructivism in Science Education. 
Washington: AAAS. 

Tobin, K. (1998). Issues and trends in the teaching of science. In Fraser, B.J. and 
Tobin, K.G (Eds.), International Handbook of Science Education (pp. 129-
152). London: Kluwer Academic Publishers. 

Tobin, K.G, Tippins, D.J. and Hook, K. (1994). Referents for changing a science 
curriculum: a case study of one teacher's change in beliefs. Science and 
Education, 3, 245-264. 

Tulviste, P. ( 1986). The historical heterogeneity of verbal thinking. In 
Ponomarew, Y. A. (Ed.), Thinking, society, practice: A Collection of scientific 
works, 19-29, Yarosalavl': Yaroslavskii Gosudarstvennyi Pedagogicheskii 
Institut im. K.D. Ushinskogo. 



References 410 

Van Zee, E.H. and Minstrell, J. (1997). Reflective discourse: Developing shared 
understandings in a physics classroom. International Journal of Science 
Education, 19(2), 209-228. 

Veeman, S. (1984). Perceived problems of beginning teachers. Review of 
Educational Research, 54(2), 143-178. 

von Wright, M. ( 1997). Student teachers' beliefs and a changing teacher role. 
European Journal of Teacher Education, 20(3), 257-66. 

Vonk, J .H.C. and Schras, GA. (1987). From beginning to experienced teacher: A 
study of the professional development of teachers during their first four years 
of service. The European Journal of Teacher Education, 10( 1 ), 95-110. 

Wells, K. (1984). Teacher socialization in educational organization: A review of 
the literature. Paper presented at a Convention of the Western Speech 
Communication Association. Seattle, USA. 

Wertsch, J. (1991). Voices of the Mind: A Sociocultural Approach to Mediated 
Action. Cambridge, Massachusetts: Harvard University Press. 

Wertsch, J ., del Rfo, P., and Alvarez, A. (1995). Sociocultural Studies of Mind. 
New York: Cambridge University Press. 

Westerback, M.E. and Long, M.J. (1990). Science knowledge and the reduction of 
anxiety about teaching earth science in exemplary teachers as measured by the 
science teaching state-trait anxiety inventory. School Science and 
Mathematics, 90, 361-374. 

Wildman, T.M., Niles, J.A, Magliaro, S.G and McLaughlin, R.A. (1989). 
Teaching and learning to teach: Two roles of beginning teachers. Elementary 
School Journal, 89, 525-539. 

Zeichner, K.M. ( 1978). Student teaching experience: A methodological critique of 
the research. Paper presented at the Annual Meeting of the Association of 
Teacher Educators, Les Vegas. 

Zeichner, K. M. ( 1980). Key processes in the socialization of student teachers: 

Limitations and consequences of oversocialized conceptions of teacher 
socialization. Paper presented at the meeting of the American Educational 
Research Association. Boston, USA. 

Zeichner, K.M. and Gore, J.M. (1990). Teacher socialization. In W.R. Houston 
(Ed.), Handbook of research on teacher education (pp. 329-348). New York: 

Macmillan. 



References 411 

Zeichner, K.M. and Tabachnick, B.R. (1985). The development of teacher 
perspectives: Social strategies and institutional control in the socialization of 
beginning teachers. Journal of Education for Teaching, 11, 1-25. 


	966
	967
	968
	969
	970
	971
	972
	973
	976
	977
	978
	979
	980
	981
	982
	983
	984
	985
	986
	987
	988
	989
	990
	991
	992
	993
	994
	995
	996
	997
	998
	999
	1000
	1001
	1002
	1003
	1004
	1005
	1006
	1007
	1008
	1009
	1010
	1011
	1012
	1013
	1014
	1015a
	1016a
	1017a
	1018a
	1019a
	1020a
	1021a
	1022a
	1023a
	1024a
	1025a
	1026a
	1027a
	1028a
	1029a
	1030a
	1031a
	1032a
	1033a
	1034a
	1035a
	1036a
	1037a
	1038a
	1039a
	1040a
	1041a
	1042a
	1043a
	1044a
	1045a
	1046a
	1047a
	1048a
	1049a
	1050a
	1051a
	1052a
	1053a
	1054a
	1055a
	1056a
	1057a
	1058a
	1059
	1060
	1061
	1062
	1063
	1064
	1065
	1066
	1067
	1068
	1069
	1070
	1071
	1072
	1073
	1074
	1075
	1076
	1077
	1078
	1079
	1080
	1081
	1082
	1083
	1084
	1085
	1088
	1089
	1090
	1091
	1092
	1093
	1094
	1095
	1096
	1097
	1098
	1099
	1100
	1101
	1102
	1103
	1104
	1105
	1106
	1107
	1108
	1109
	1110
	1111
	1112
	1113
	1114
	1115
	1116
	1117
	1118
	1119
	1120
	1121
	1122
	1123
	1124
	1125
	1126
	1127
	1128
	1129
	1130
	1131
	1132
	1133
	1134
	1135
	1136
	1137
	1138
	1139
	1140
	1141
	1142
	1143
	1144
	1145
	1146
	1147
	1148
	1149
	1150
	1151
	1152
	1153
	1154
	1155
	1156
	1157
	1158
	1159a
	1160
	1161
	1162
	1163
	1164
	1165
	1166
	1167
	1168
	1169
	1170
	1171
	1172
	1173
	1174
	1175
	1176
	1177
	1178
	1179
	1180
	1181
	1182
	1183
	1184
	1185a
	1186
	1187a
	1188
	1189
	1190
	1191
	1192
	1193
	1194
	1195
	1196
	1197
	1198
	1199
	1200
	1201
	1202
	1203
	1204
	1205
	1206
	1207
	1208
	1209
	1210
	1211
	1212
	1213
	1214
	1215
	1216
	1217
	1218
	1219
	1220
	1221
	1222
	1223
	1224
	1225
	1226
	1227
	1228
	1229
	1230
	1231
	1232
	1233
	1234
	1235
	1236
	1237
	1238
	1239
	1240
	1241
	1242
	1243
	1244
	1245
	1246
	1247
	1248
	1249
	1250
	1251
	1252
	1253
	1254
	1255
	1256
	1257
	1258
	1259
	1260
	1261
	1262
	1263
	1264
	1265
	1266
	1267
	1268
	1269
	1270
	1271
	1272
	1273
	1274
	1275
	1276
	1277
	1278
	1279
	1280
	1281
	1282
	1283
	1284
	1285
	1286
	1287
	1288
	1289
	1290
	1291
	1292
	1293
	1294
	1295
	1296
	1297
	1298
	1299
	1300
	1301
	1302
	1303
	1304
	1305
	1306
	1307
	1308
	1309
	1310
	1311
	1312
	1313
	1314
	1315
	1316
	1317
	1318
	1319
	1320
	1321
	1322
	1323
	1324
	1325
	1326
	1327
	1328
	1329
	1330
	1331
	1332
	1333
	1334
	1335
	1336
	1337
	1338
	1339
	1340
	1341
	1342
	1343
	1344
	1345
	1346
	1347
	1348
	1349
	1350
	1351
	1352
	1353
	1354
	1355
	1356
	1357
	1358
	1359
	1360
	1361
	1362
	1363
	2125
	2126
	2127
	2128
	2129
	2130
	2131
	2132
	2133
	2134
	2135
	2136
	2137
	2138
	2139
	2140
	2141
	2142
	2143
	2144
	2145
	2146
	2147
	2148
	2149
	2150
	2151
	2152
	2153
	2154
	2155
	2156
	2157
	2158
	2159
	2160
	2161

