2007年澳亞科教年會於七月11至14在西澳Fremantle舉辦，Fremantle位於西澳大城Perth附近約30分鍾車路程。參加本次澳亞科教年會有三個功能，發表自己的研究報告，與區塊計畫學者發表區塊研究並商談可能在2010年與Curtin University of Technology在台灣合辦國際研討會事宜，與韓國首爾大學教授交換成立東亞科教學會與年會事宜。
一、研究報告
此次的論文題目是由我的研究生與我掛名共同發表Using a Mega-history Strategy to Improve High School Student’s Understanding of Molecular Genetics，論文如附件。發表之後的討論有一位英國教授提及，以科學史來作為科學教育雖然很有意義，但是一般基礎科學的發源地都在歐美，這反而對台灣的學生不很熟悉。這個說法相當有意義，碰巧我來科教處這一年花不少時間在籌辦科學季，主題剛好是百年台灣科技史，其中有相當多內容，我都覺得可以引入中小學教材。因此我回答他，科學比較偏向歐美，但是科技是很能夠在地化，其內中議題應該是與學生的生活經驗較接近，對非西方國家引入科技史應該是不錯的選擇。我想這個方向可作為我個人研究或科教處將來推動研究的方向。
二’、商談台灣與澳洲Curtin University of Technology合辦國際研討會事宜

澳洲Curtin University of Technology 每隔兩年就跟亞澳地區國家共同舉辦International Conference for Science, Mathematics, and Technology，主要是由Curtin University of Technology的Darrell Fisher教授負責。Curtin University of Technology在全世界的科學教育領域頗有名氣，近10年來有兩位教授獲選為美國科學教育研究學會主席，相當不容易。台灣科學教育學界與Curtin University of Technology素來很有聯繫，也有相當合作研究進行。此次因為台師大區塊計畫預計於2010籌辦一個國際研討會，所以考慮與Curtin University of Technology合辦這次的研討會。在Fremantle時就與台師大張文華許瑛玿兩位教授跟Darrell Fisher教授商談共同舉辦事宜，討論一些時間、場地與內容問題，獲得Darrell Fisher教授同意，2010由台灣舉辦International Conference for Science, Mathematics, and Technology，舉辨地點暫定為花蓮。
三、韓國首爾大學教授交換成立東亞科教學會與年會事宜

近年來亞洲科教研就人口逐漸成長，也在國際展現出不同的文化。2008年會在高雄舉辦亞洲科教研討會，且由台灣、日本與韓國共同推動東亞科學學會，各國的科教學者都很積極的推動這個同質性質較高的組會與研討會，因此在這次會議順便與韓國某些關鍵人物粗淺交換意見，做為今年八月底在漢城開籌備會的一些準備。
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Abstract

This study was conducted to employ selected historical episodes in high school genetic teaching in an aim to improving students’ attitudes toward science and understanding of the nature of science and molecular genetics. Other than including few or separate historical events usually found in science teaching, a strategy named Mega-history was applied, the teaching material in this study covers more than ten important historical episodes and ranges over sixty years long, which depicts the development of molecular genetics from the proposal of one-gene-one-enzyme to the formation of central dogma. The larger scale of history of science in study is thought to convey more information on the systematic and dynamic development of molecular genetics which could improve learning. The study was conducted for six weeks in a girls’ senior high school and involved three experimental and control classes respectively. The selected historical episodes were used as supplementary readings before regular classes and small group discussions on questions appended after teaching materials were administrated in classes. The scores of the understanding of molecular genetics showed no significant differences between the experimental group and the control one. However, the experimental group showed significantly higher scores in their attitude toward science and the understanding of nature of science. The findings suggest that the supplementary teaching materials accompanied with small group discussion can effectively enhance students’ attitudes toward science and the understanding of nature of science. The students’ feedbacks also revealed that having the opportunity to express their opinions in the class will not necessarily reduce the effectiveness of learning but will intensify the students’ motivation to participate in the learning activities actively. 

Key words: Genetic learning, Understanding of nature of science, Attitude toward science
【Objectives of the Study】

This study applied a teaching method which combined the supplementary teaching material, “Historical Episode Map,” written by the authors with small group discussion in classrooms in order to bridge the gap between classical genetics and molecular genetics, to enhance the students’ complete understanding about genetics, and to build up the students’ proper attitude toward science and their awareness of the nature of science.

【Significance & Theoretical Framework】

Genetics has been a more difficult unit in the field of life science (Bahar et al., 1999). Many scholars have generalized the reasons from diverse aspects, for example, Johnstone (1991) mentioned complexity and different levels; Orcajo & Aznar (2005) suggested alternative ideas, cognitive requirements, terminology, typology of genetics problems, traditional teaching; Knippels & Boersma (2005) discussed the domain-specific vocabulary and terminology, the mathematical content of Mendelian genetics tasks, the cytological processes, the abstract nature, the complex nature; and a macro-micro problem. Based on Kitcher’s theory (1994) that classical genetics and molecular genetics are two different sciences, it is assumed in this study that the Taiwanese students are not able to acquire more complete knowledge of genetics   because the biology textbooks in high schools talk about the more abstract classical genetics and then proceed directly into a chapter about the micro-viewed molecular genetics without describing the similarity and differences between these two fields.  That is, the abstract concept of genes, the phenotypic concept of traits, and the close relationship between genes and traits are usually discussed in classical genetics while the genes with physical reality, the molecular concept of traits, and the regulation concept of the relationship between the gene and traits in molecular genetics.
Although many studies have suggested different strategies to facilitate the students’ understanding about genetics, for example, concept change, drawing-based activity, concept map, cards game, modeling, word association tests, computer simulation, PBL, etc., this research, centering on the developmental history of genetics in the 20th century, selects important historical events in the development of genetics (even the experiments or theories that have not yet confirmed or accepted) to compose a supplementary teaching material. These historical events will be organized based on the differences between genes and properties in classical genetics and molecular genetics in order to create a historical episode map (HEM) (Figure 1) to broaden the students’ knowledge of genetics.

Classical Genetics   gene                phenotype

One gene one enzyme

Molecular Genetics  gene                enzyme

from gene to DNA 
DNA structure 
DNA                  enzyme 
DNA coden 
RNA                protein (mRNA)

The relation of DNA、RNA and protein

DNA (       RNA)       protein
Figure1: The Historical Episode Map (HEM)

【Method Design and Procedure】

This study was conducted from July to August, 2006, by adopting a quasi-experimental design. The sample consisted of 234 twelfth-grade students in six different classes of a public girls’ high school in Taipei, Taiwan. Three classes out of six were the control group and were instructed in a traditional way of teaching on the subject of molecular biology (for four hours per week). The topics included DNA structure, replication, transcription, translation (the regulation of gene expression was not included, though). On the other hand, the rest of the three classes were the experimental group. These classes were conducted for three hours per week by traditional lecture plus using the supplementary materials of HEM, and we offer one hour per week’s small group discussions (4 students in a group) based on the questions in the materials. 

The tools used to collect the data included: the evaluation of the students’ overall performance of Life Science, their performance in an achievement test (33 multiple-choice items), the pre- and post-tests of the Attitude Toward Science Scale (ATS) (40 items from the likert4 scale), the pre and post tests of the Nature of Science Scale (NOS) (27 items from the likert4 scale), the Views of Nature of Science Questionnaire (VNOS) (6 open questions), and the recording of the small group discussions. In addition, some students gave feedbacks about the experiment on the discussion board of the biology teachers’ online virtual classroom. 

As for the data analysis, both statistical and qualitative analyses were adopted. On the one hand, ANCOVA was used to analyze the achievement tests and the results of ATS and NOS. On the other, qualitative analysis was applied to analyze the VNOS questionnaires, small group discussions, and the students’ online feedbacks.

【Results】

After a month of the experiment, this study revealed the following three major findings from the data collected:

1. Knowledge about molecular biology:

(1) Descriptive statistics: One week after the experiment, we conducted a self-developed achievement test of molecular biology on the participants. The mean of the total 234 participants is 71.8. The mean of the 117 from the experiment group is 69.7 (SD=21.5) while the other 117 from the control group is 73.9 (SD=10.2).

Table 1 A summary of mean and SD in the survey
	
	
	Experimental class
	Control class

	
	
	n
	Mean
	SD
	n
	Mean
	SD

	Knowledge
	Pre-semester score
	117
	82.68
	6.15
	117
	83.40
	5.36

	
	Achievement test
	117
	69.67
	21.46
	117
	73.94
	10.22

	ATS
	Pre-test
	117
	3.04
	0.34
	116
	2.99
	0.38

	
	Post-test
	114
	3.17
	0.38
	111
	2.95
	0.43

	NOS
	Pre-test
	117
	3.26
	0.22
	116
	3.29
	0.32

	
	Post-test
	114
	3.37
	0.29
	111
	3.24
	0.30


(2) ANCOVA analysis: We conducted an ANCOVA analysis on the covariance of biology scores of the first semester. The mean of the experiment group after modification is 70.1 while the control group 73.5 (Table 2). There is no statistically significant difference in the academic achievement between the experiment group and the control group (p=0.092) (Table 3). 
Table 2 Adjusted mean and SD in the Achievement test, post-tests of ATS and NOS
	
	Experimental class
	Control class

	
	n
	Mean
	SD
	n
	Mean
	SD

	Achievement test
	117
	70.12
	1.41
	117
	73.49
	1.41

	ATS
	114
	3.16
	0.03
	111
	2.96
	0.03

	NOS
	114
	3.38
	0.03
	111
	3.23
	0.03


Table 3 ANCOVA summary table in the Achievement Test
	Source
	SS’
	df
	MS’
	F
	Sig.

	CLASS
	666.52
	1
	666.52
	2.857
	0.092

	Error
	53887.38
	231
	233.28
	
	

	Total
	54553.90
	232
	
	
	


2. Attitude Toward Science
(1) Descriptive statistics: The scale to assess the participants’ attitude toward science (ATS scale) was designed based on the format of four points scale – scores from one to four. As shown from the scale (Table 1), the mean of the experiment group in the pre-test is 3.04 (N=117, SD=0.34) and 3.17 in the post-test (N=114, SD=0.38). On the other hand, the mean of the control group in the pre-test is 2.99 (N=116, SD=0.38) and 2.95 in the post-test (N=111, SD=0.43).

(2) ANCOVA analysis: With the pre-test scores of the ATS scale as the covariance, the mean of the experiment in the post-test after modification is 3.16 while the control group 2.96. This suggests statistically significant difference (p=.000) (Table 4). In other words, the students in the experiment group hold more positive attitude toward science than those in the control group after the teaching with HEM supplementary materials and group discussion.

Table 4 ANCOVA summary table in the Post-test of ATS
	Source
	SS’
	df
	MS’
	F
	Sig.

	CLASS
	2.06
	1
	2.06
	22.574
	0.000**

	Error
	20.16
	221
	.091
	
	

	Total
	22.22
	222
	
	
	


By means of a broken-line graph to compare the pre- and post-test scores of the Attitudes Toward Science scale (ATS) (Figure 2), it is indicated that the post-test scores of the ATS of the experimental group are not only significantly higher than the pre-test scores but also significantly higher than the post-test scores of the students in the control group (p=.000) (Table 5). This result suggests that the supplementary HEM teaching materials and small group discussion have fostered the students to hold a positive attitude toward science, which is difficult to achieve by the traditional teaching method.
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Figure 2 Comparison of the Differences in the Pre- and Post-test of ATS Scale Between the Experiment Group and the Control Group
3. The Nature of Science
(1) Descriptive analysis: The scale to assess the participants’ understandings toward the nature of science (NOS scale) was also designed on the basis of four points scale – scores from one to four. From the results of the scale (Table 1), it can be seen that the mean of the pre-test scores of the experiment group is 3.26 (N=117, SD=0.22) and 3.37 (N=114, SD=0.29) in the post-test. On the other, the mean of the pre-test of the control group is 3.29 (N=116, SD=0.32) and 3.24 (N=111, SD=0.30) in the post-test.

(2) ANCOVA analysis: With the pre-test scores of the NOS scale as the covariance, the mean of the experiment group in the post-test after modification is 3.38 while the control group 3.23. This reveals statistically significant difference (p=.000). That is to say, the students in the experiment group scored tremendously higher in the post-test that those in the control group after the teaching with HEM supplementary materials and group discussion.

Table 5 ANCOVA summary table in the Post-test of NOS
	Source
	SS’
	df
	MS’
	F
	Sig.

	CLASS
	1.15
	1
	1.15
	16.284
	0.000**

	Error
	15.572
	221
	0.07
	
	

	Total
	16.77
	222
	
	
	


By using a broken-line graph to compare the pre- and post-test mean scores of the Nature of Science Scale (NOS) (Figure 3), we have discovered that, even though the experiment group scored slightly lower (not statistically significant) than the control group in the pre-test on the Nature of Science Scale, after a month of experimental intervention, their post-test scores of the NOS are not only higher than the pre-test but also significantly higher than the post-test scores of the control group (p=.000). This result implies that the supplementary HEM teaching materials and small group discussion have provided the students of the experiment group with a more appropriate view toward the nature of science.  
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Figure 3 Comparison of the Differences in the Pre- and Post-test of NOS Scale Between the Experiment Group and the Control Group
4. Qualitative data analysis

The data, including open-ended questions in VNOS, the recording of the small group discussion, and the feedbacks on the online discussion board, are still being coordinated and categorized into an analytical structure. Therefore, the results are not able to be presented here yet.  
【Conclusion and Suggestions】

The preliminary data analysis concluded that: by using the selective Historical Episodes in the developmental history of genetics and small group discussions in classrooms, which was also combined with the traditional teaching of molecular genetics, the participants’ attitude toward science and the nature of science has significantly improved, though there is no significant progress in their performance of the achievement test. This result supported the hypotheses of this study that to select only part of the scientific development and to use the traditional science textbook to teach alone are unhelpful not only in the acquisition of the concept of genetics but also in the progress of the student’s attitude toward science and the nature of science.  However, it is beneficial to incorporate important historical events in the development of science in order to help the students understand that science keeps changing and evolving throughout the time. Also, the students will appreciate the progression of scientific knowledge and the variability of scientific research methods. By integrating human and time factors with science history, the study of science becomes more alive and interesting for the students. Moreover, the chance to participate in small group discussions has actuated the students’ positive attitude toward science. All in all, this is a valuable teaching method that is worth applying.

Since the qualitative data are still being analyzed, we are unable to indicate whether the students have bridged the gap between classical genetics and molecular genetics with the proposed teaching method. Evidence is expected to come from the open-ended questionnaires and small group discussions in classrooms. In addition, small group discussions can be used to analyze the students’ argumentation model.  The ability has been a popular research topic in the science education for years. The research group of this study is also working on the establishment of the framework for data analysis. At least from the findings of the ATS and the students’ feedbacks, we have learned that in comparison to the traditional lecturing style of teaching, having the opportunity to express opinions in the classroom will not necessarily reduce the effectiveness of learning but will increase the students’ motivation to actively learn and participate in classroom activities. This is an incidental discovery from this study.  
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