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 The main purpose of this study was to develop a principle-based learning 
course on ethics in a science classroom in Thailand.  This was a mixed-method 
research design with two phases of study.  The first phase was a survey study and the 
second one was an experiment that implemented the results from the survey to an 
actual classroom.  The objectives of this study were as follows: 1) To promote, develop 
and assess students’ understanding of key ethical, concepts and principles in science. 2) 
To promote, develop and assess students’ analytical, creative, practical and ethical 
thinking skills along with communicative skills in learning ethics in science. 3) To 
determine students’ opinions on learning ethics in science. 4) To evaluate the 
effectiveness of a hybrid learning approach of ethics in science. 
 A researcher-designed survey was developed and used to collect quantitative 
and qualitative data from 288 science students and 107 science teachers of Mahidol 
Wittayanusorn School and 12 Princess Chulabhorn’s Colleges during the second 
semester of the 2007 academic year.  In the second phase, the researcher developed 
principle-based learning course on ethics in science based on the preliminary results by 
using hybrid learning (the combination of face-to-face and web-based learning).  The 
developed hybrid learning was implemented in a chemistry class of 24 grade 10 
students at Mahidol Wittayanusorn School during May – September, the first semester of 
2009 academic year.  The research instruments were 1) Questionnaires on science 
teachers’ and students’ opinions on ethics in a science classroom 2) A questionnaire on 
the students’ opinions on learning ethics in science, 3) The test on understanding of 
ethics in science, 4) Evaluation form of thinking skills and 5) Interviews questions for 
students.  The employed statistics for quantitative data of this study were the 1) mean 
and 2) standard deviations.  A content analysis was used for the qualitative data. 
 The findings of this study are as follows: 

1. In the survey study, it was found that 37.9 percent of students rated their 
level of understanding of ethics in science as high or very high.  In addition, 66.3 percent 



of them thought that they were interested in studying ethics in science.  More 
importantly, the study of ethics in science was essential for science students was rated 
high or very high by 92.7 percent.  A total of 61.2 percent of the teachers and 55.1 
percent of the students indicated that scientific ethics should be taught to science 
students by incorporating its’ principles into a regular science class, rather than as an 
elective class.  Students’ thinking skills and communicative skills should also be 
promoted.  Additionally, 62.6 percent of the teachers and 64.6 percent of the students 
thought that hybrid learning is an appropriate pedagogical method of learning ethics in 
science. 

2. In the second phase of the study, it was found that the students’ 
awareness and understanding were increasingly promoted and developed as well as 
their thinking and communicative skills.  Students had positive opinions about learning 
ethics in science.  In addition, students reported that they were satisfied with the hybrid 
learning they experienced, however, some improvements were recommended.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



การพฒันาการเรียนรู้ท่ีใช้หลกัการเป็นฐาน เร่ืองจริยธรรมในชัน้เรียนวิทยาศาสตร ์
 
 
 
 
 
 
 
 
 
 
 
 

บทคดัย่อ 
ของ 

วชิรศรณ์  แสงสวุรรณ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

เสนอต่อบณัฑิตวิทยาลยั มหาวิทยาลยัศรีนครินทรวิโรฒ เพ่ือเป็นส่วนหน่ึงของการศึกษา 
ตามหลกัสตูรปริญญาการศึกษาดษุฎีบณัฑิต สาขาวิทยาศาสตรศึกษา  

สิงหาคม 2554 
 



วชริศรณ์  แสงสุวรรณ.  (2554).  การพฒันาการเรยีนรูท้ีใ่ชห้ลกัการเป็นฐาน เรือ่งจรยิธรรมในชัน้    
              เรยีนวทิยาศาสตร.์ ปรญิญานิพนธ ์กศ.ด. (วทิยาศาสตรศกึษา). กรงุเทพฯ:  
 บณัฑติวทิยาลยั มหาวทิยาลยัศรนีครนิทรวโิรฒ.  คณะกรรมการควบคุม:  
 ว่าทีร่อ้ยตร ีดร.มนสั บุญประกอบ, รองศาสตราจารย ์ดร. สมสรร วงษ์อยูน้่อย,  
 ผูช้่วยศาสตราจารย ์ดร. ศรินุิช เทยีนรุง่โรจน์ 
 
 การวจิยัครัง้นี้มจีุดมุ่งหมายเพื่อพฒันาการเรยีนรูท้ี่ใชห้ลกัการเป็นฐาน เรื่องจรยิธรรมใน
ชัน้เรยีนวทิยาศาสตรส์ าหรบันักเรยีนชัน้มธัยมศกึษาตอนปลายในประเทศไทย ซึง่เป็นการวจิยัแบบ
ผสมทีป่ระกอบดว้ยการวจิยั 2 ระยะ กล่าวคอื ระยะที ่1 เป็นการศกึษาเชงิส ารวจ และระยะที่ 2 เป็น
การน าผลการวจิยัที่ได้จากระยะที่ 1 มาวเิคราะห์ พฒันาและน าไปใช้ในภาคสนามกบัห้องเรยีน
วทิยาศาสตร ์วตัถุประสงคข์องการวจิยัน้ี มดีงันี้ 1) เพื่อส่งเสรมิ พฒันา และประเมนิความเขา้ใจของ
นกัเรยีนเกีย่วกบัจรยิธรรมทางวทิยาศาสตร ์ 2) เพื่อส่งเสรมิ พฒันา และประเมนิทกัษะความคดิและ
ทกัษะการสื่อสารของนักเรยีน 3) เพื่อศกึษาความคดิเหน็ของนักเรยีนทีม่ต่ีอการเรยีนรูจ้รยิธรรมใน
ชัน้เรยีนวทิยาศาสตร์ 4) เพื่อประเมนิความเหมาะสมของวธิกีารเรยีนรูจ้รยิธรรมทางวทิยาศาสตร์
แบบผสม 
 ผูว้จิยัไดอ้อกแบบและพฒันาแบบส ารวจ เพื่อใช้เก็บขอ้มูลทัง้เชงิปรมิาณและคุณภาพกบั
นกัเรยีนวทิยาศาสตรใ์นระดบัชัน้มธัยมศกึษาตอนปลาย จ านวน 288 คน และครวูทิยาศาสตรท์ีส่อน
ในระดบัชัน้มธัยมศึกษาตอนปลาย จ านวน 107 คน ของโรงเรยีนมหดิลวทิยานุสรณ์ (องค์การ
มหาชน) และโรงเรยีนในกลุ่มจุฬาภรณราชวทิยาลยัทัง้ 12 แห่ง ในภาคเรยีนที ่2 ปีการศกึษา 2550 
ส าหรบัการวจิยัในระยะที่ 2 ผู้วจิยัได้พฒันาการเรยีนรูท้ี่ใช้หลกัการเป็นฐาน เรื่องจรยิธรรมทาง
วทิยาศาสตร ์โดยใชข้อ้มลูจากผลการวจิยัในระยะที ่1 ดว้ยวธิกีารเรยีนรูแ้บบผสม (Hybrid learning) 
ซึ่งเป็นการผสมผสานระหว่างการเรยีนรู้ในชัน้เรยีนปกติกับการใช้เว็บไซต์ประกอบการเรยีนรู ้
งานวจิยันี้ได้ทดลองภาคสนามกบันักเรยีนชัน้มธัยมศกึษาปีที่ 4 ของโรงเรยีนมหดิลวทิยานุสรณ์ 
(องคก์ารมหาชน) ทีเ่รยีนรายวชิา เคมพีืน้ฐาน 1 หอ้งเรยีน จ านวน 24 คน ในช่วงเดอืนพฤษภาคม 
ถงึเดอืนกนัยายน ของภาคเรยีนที่ 1 ปีการศกึษา 2552 เครื่องมอืที่ใช้ในการเก็บรวบรวมข้อมูล 
ได้แก่  1) แบบสอบถามความคดิเหน็ครูและนักเรยีนวทิยาศาสตรท์ี่มต่ีอจรยิธรรมในชัน้เรยีน
วทิยาศาสตร ์ 2) แบบสอบถามวดัความคดิเหน็นักเรยีนต่อการเรยีนรูจ้รยิธรรมทางวทิยาศาสตร ์3) 
แบบทดสอบวดัความรู ้ความเขา้ใจเกี่ยวกบัจรยิธรรมทางวทิยาศาสตร์ 4) แบบประเมนิทกัษะการ
คดิ และ 5) แบบสมัภาษณ์ สถติพิืน้ฐานทีใ่ชใ้นการวเิคราะหข์อ้มลูเชงิปรมิาณ คอื 1) ค่าเฉลีย่ และ 
2) ค่าเบีย่งเบนมาตรฐาน ส่วนขอ้มลูเชงิคุณภาพ ใชก้ารวเิคราะหเ์นื้อหา 
 ผลการวจิยัพบว่า 

1. ในการวจิยัเชงิส ารวจ นักเรยีนที่คดิว่าตนเองเขา้ใจจรยิธรรมทางวทิยาศาสตรอ์ยู่ใน
ระดบัสูงถงึสูงมาก คดิเป็นรอ้ยละ 37.9 และนักเรยีนรอ้ยละ 66.3 มคีวามสนใจทีจ่ะเรยีนรูจ้รยิธรรม
ทางวิทยาศาสตร์ ที่ส าคญัคือ นักเรยีนร้อยละ 92.7 มคีวามเห็นว่าจรยิธรรมทางวิทยาศาสตร์มี



ความส าคญัต่อนักเรยีนวทิยาศาสตรใ์นระดบัสูงถงึสูงมาก นอกจากนี้ ครรูอ้ยละ 61.2 และนักเรยีน
รอ้ยละ 55.1 คดิว่าจรยิธรรมทางวทิยาศาสตรค์วรจะน ามาสอนโดยการสอดแทรกหลกัการจรยิธรรม
ทางวทิยาศาสตรเ์ขา้ไปในรายวชิาวทิยาศาสตรป์กตมิากกว่ารายวชิาเพิม่เตมิ ครแูละนักเรยีนส่วน
ใหญ่มคีวามเหน็ว่าทกัษะการคดิและทกัษะการสื่อสารควรไดร้บัการส่งเสรมิและพฒันาในการเรยีน
จรยิธรรมทางวทิยาศาสตร ์อกีทัง้ ครูรอ้ยละ 62.6 และนักเรยีนรอ้ยละ 64.6 มคีวามเหน็ว่าการ
เรียนรู้แบบผสมสามารถน ามาใช้เป็นวิธีการจดัการเรียนรู้จริยธรรมทางวิทยาศาสตร์ได้อย่าง
เหมาะสม 

2. ส าหรบัระยะที ่2 ของการวจิยั พบว่านักเรยีนมคีวามรู ้ความเขา้ใจเรื่องจรยิธรรมทาง
วทิยาศาสตรใ์นระดบัทีสู่งขึน้กว่าก่อนเรยีน เช่นเดยีวกบัทกัษะการคดิและทกัษะการสื่อสารทีไ่ดร้บั
การส่งเสรมิและพฒันาใหด้ขีึน้ นอกจากนี้ นักเรยีนยงัมคีวามคดิเหน็ทีด่ต่ีอการเรยีนรูจ้รยิธรรมทาง
วทิยาศาสตรแ์ละมคีวามพงึพอใจกบัรูปแบบการเรยีนรู้แบบผสม โดยจ าเป็นต้องมกีารปรบัปรุงใน
ส่วนของเวบ็ไซตอ์ยูบ่า้ง  
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CHAPTER 1 
INTRODUCTION 

 
BACKGROUND 
 My interest in ethics being taught as part of high school science curriculum came 
about through my own experience as a science teacher at the Mahidol Wittayanusorn 
School (MWITS), a science school in central Thailand that was designed for students 
demonstrating exceptional aptitude in mathematics and sciences.  This chapter is divided 
into three parts; the first two parts give a general overview of Mahidol Wittayanusorn 
School’s mission, objectives and goals, and curriculum; and of the Princess Chulabhorn’s 
Colleges (PCCs), regional science schools, in order to provide the study’s context.  Then, 
the third part of chapter explains the motivation for the study and the overall need to 
incorporate ethics into the science classroom, beginning with high school level science.  
 

1. Mahidol Wittayanusorn School 
  At present Thailand lacks the process of the development of researchers and 
science and technology inventors, therefore the teaching and learning of science and 
mathematics in schools is being promoted together with the establishment of Mahidol 
Wittayanusorn School and the Princess Chulabhorn’s Colleges; these are schools that put a 
heavy emphasis on the teaching of science subjects.  There are thirteen (13) such schools 
set up to provide educational services to students while the curriculum and management of 
teaching and learning are conducted as in other schools.  At present the government has a 
policy to encourage children and juveniles who display special talents in science and 
mathematics to pursue their talents in fullest.  This requires special procedures and 
curricula that are different from the teaching and learning in other schools.  Therefore it is 
appropriate to establish special science schools to only provide the concentrated teaching 
and learning of science to students who have these special talents in science and 
mathematics.  This will serve as a basic preparation for persons who demonstrate high 
potential in the study of science at the university level in order to produce excellent 
scientists and technical experts for the country.  For the school to have their teaching and 
learning management independently, expediently and effectively, it was appropriate that the 
school become a public organization under the law, therefore Mahidol Wittayanusorn School 
was established as such in order to be a model school for the others of the same type (The 
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Royal Decree for the establishment of Mahidol Wittayanusorn School.  B.E.2543 2000: 
Online). 
  According to its mission, Mahidol Wittayanusorn School has the esteemed goal 
of providing a world class education at upper secondary level (Grade 10 – 12) for 
exceptionally gifted and talented students in science, mathematics and technology so that 
they will have all the prerequisites necessary to become avid lifelong learners, researchers 
and innovators.  The curriculum also strives to be well balanced and therefore promotes 
physical fitness as well as humanistic moral and ethical values. Being proud of their Thai 
identity, the students will be dedicated to national development and environmental 
protection while at the same time having a congenial attitude towards others both in 
Thailand and the world at large (Mahidol Wittayanusorn School.  2006: Online).  
  As for the school’s objectives and goals, in anticipation that not less than 70 
percent of Mahidol Wittayanusorn School’s graduates will be potential candidates for post-
doctoral education and become the world class researchers in science, mathematics and 
technology, the school is committed to inculcating into its students the following requisites: 
 

1. Self-esteem; self-discipline; observance of Buddhist principles or those of their 
religions; and moral, ethical and other desirable values;  

2. Mastering of basic mathematical and scientific concepts and principles comparable 
to world standards;  

3. Creativity and the inquisitive mind of researchers, innovators and inventors in the 
fields of science, mathematics and technology comparable to world standards;  

4. Avidity for learning, reading, writing, and systematic inquiry; 
5. Knowledge and skills in foreign language and information and communication 

technology comparable to world standards; 
6. Pride in Thai identity; appreciation of the nation’s historical development; 

attachment and pride in the motherland and their own roots; good citizenship; and adherence to 
the democratic system of the government under a constitutional monarchy; 

7. Appreciation of the need to preserve the Thai language, Thai art and culture, Thai 
wisdom, customs and traditions; environmental and natural protection; and congenial attitudes 
towards other world citizens; 

8. Social responsibility as well as commitment to provide continuous social services 
to the best of their ability in recognition of the benefits received from society; and 

9. Good health; regular physical exercise; and self-care for physical and mental 
strength (Mahidol Wittayanusorn School.  2006: Online).  
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  These objectives and goals are a part of Mahidol Wittayanusorn School’s 
curriculum and are integrated in the classes given.   
  Mahidol Wittayanusorn School has 9 curriculum features as follows: 
 

1. Emphasis on fostering students’ cognitive, moral, physical, and skill development; 
2. Embracing all required courses of the B.E. 2544 2001 Basic Education 

Curriculum of the Ministry of Education; 
3. Inclusion of higher and more intensive subject content in science, mathematics, 

technology and English courses; 
4. For electives, prominence given to subjects related to science, mathematics, 

computer and foreign language; 
5. Encouragement to study a second foreign language in addition to English; 
6. Curricular flexibility enabling students to acquire knowledge to the best of their 

ability and in accord with their interest and aptitude; 
7. Provision of a wide range of activities both inside and outside the school, enabling 

the students to acquire desirable characteristics in accord with the school’s objectives and 
aspirations; 

8. Encouragement of creativity, innovative thinking and effective project 
implementation; prior to graduation, students are required to present a minimum of one project; 
and  

9. Encouragement of credit transfer from sources of the three types of learning-
formal, non-formal and informal (Mahidol Wittayanusorn School.  2006: Online).  

 

2. Princess Chulabhorn’s Colleges 
  The Princess Chulabhorn’s Colleges are boarding schools. They were founded 
as a royal project on behalf of Her Royal Highness Princess Chulabhorn in  honor of the 
36th anniversary of her birth; July 4th, 1993.   They received the honorable name from Her 
Royal Highness Princess Chulabhorn as “Princess Chulabhorn’s College” and they were 
established by the General Education Department of the Ministry of Education on February 
3rd, 1995.  The schools place a heavy emphasis on the teaching of science subjects. 
These schools set up to provide educational services to students while the curriculum and 
management of teaching and learning are conducted as in other schools (Princess 
Chulabhorn’s College Phitsanulok.  2011: Online; & Mahidol Wittayanusorn School.  2006: 
Online).  
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  According to Princess Chulabhorn’s Colleges Development Project (2011: 
Online).   
 

        On December 28th, 2010, Mr. Chinnaworn Boonyakiat, the Minister of Education, 
provided some important information regarding a project on the development of Princess 
Chulabhorn’s Colleges to become regional science schools.  The Minister said that the 
Cabinet had agreed to the project in principle.  This is a project which forms part of the 
second decade of national education reform and will result in the development of Thai citizens 
in the areas of science and mathematics.  The cabinet, as part of this project has decided to 
upgrade Princess Chulabhorn’s Colleges to regional science schools in accordance with the 
following principles: 
 To approve Princess Chulabhorn’s Colleges to become regional science schools.  The 
college will also be a boarding school in order to provide education for students who are good 
at science and mathematics from levels Mattayom Suksa 1-6. The budgetary allocation will be 
94,000 per head per annum. 
 To approve Princess Chulabhorn’s Colleges as regional science schools in order to 
provide educational opportunities to students who excel in the fields of science and 
mathematics in their region.  At present there are 12 colleges located nationwide.  These 
colleges are to be enhanced towards international standards. 
 To approve an administrative committee and advisory committee of the project in order 
to stimulate schools implementation and coordinate with related agencies.  With this in mind, 
they will be autonomous schools and have freedom in academic areas. 
 The Minister went on to say that the administrative committee will seek cooperation from 
Mahidol Wittayanusorn School and the faculty of science of other universities located in the 
region in order to enhance the quality of scientific education provided to students.  Moreover, 
the cabinet also approved the establishment of science and mathematics classrooms in 12 
schools in the region.  The Office of the Basic Education Commission has been assigned to 
allocate 27 million Baht for this specific purpose. 
 The 12 Princess Chlabhorn’s Colleges located in the region will recruit students for 
Mattayom Suksa 1 and 4 in the 2011 academic year.  For Mattayom Suksa 4, the name list of 
students who have applied to Mahidol Wittayanusorn School will be used and only 24 students 
will be selected.  The students’ application for Mattayom Suksa 1 will cover January 24th - 
29th, 2011 with the entrance examination taking place on February 4th, 2011. 

 
3. Motivation for the study 

  My interest in ethics being taught as part of the upper secondary school 
science curriculum came about when I began my doctoral study in science education at the 



5 

 

Science Education Center, Srinakharinwirot University (SWU) located in Bangkok, Thailand.  
I started thinking back about my teaching experience as a chemistry teacher for a year 
(2003-2004) at Mahidol Wittayanusorn School located in Nakhon Pathom province, 
Thailand.  I first considered the school’s mission, objectives and goals and also curriculum 
features.  According to the first and eighth of my school’s objectives and goals and also 
from the first and seventh of the school’s curriculum features, I was interested in the matter 
of ethics in a science classroom, specifically honesty and social responsibility.  In theory, 
the school has the customized curriculum which emphasizes in fostering the students’ 
cognitive, moral, physical and skills development but in practice, regarding moral 
development, it has been developing in only a few courses of ethical or moral development 
in the humanities, and not in the science subjects. 
  In my investigations, I found that there has been a great deal of scientific 
misconduct, particularly dishonesty in science activities or research which takes place not 
only with scientists but also researchers and students of science all over the world.  For 
instance; students will sometimes fabricate the data or results, copy the assignments of 
their peers, and do not assist other members with lab assignments and reports while their 
names were put in the reports, do the wrong citations, and plagiarize.  I encountered 
students who had done something like this when I was working as a pre-service and in-
service teacher.  Therefore we should not overlook these issues.  All of these issues made 
me more concern about the matter of ethics when considering my dissertation topic.  I 
considered the study of ethics in a science classroom as an important and relevant subject 
worthy of study.  When I thought seriously about the problem, I imagined that the current 
students’ behavior was typical, an accepted fact of academic life, and perhaps the norm 
rather than an exception.  To be good and ethical scientists including young future 
scientists, i.e. students in the science school who are either going to be scientists in the 
near future or citizenry in knowledge-based society, ethical values should be taken into 
account.  They should not behave unethically.  For example, if they fabricate, falsify or 
misrepresent data for convenience or for some other reason, how much better would they 
behave as scientists who may compromise rigorous scientific research for personal, 
professional and social gain? I truly believe that ethical behavior and thinking are essential 
to scientific society and should be taught to all students.  Schools such as Mahidol 
Wittayanusorn School need to cultivate and convince students to appreciate the importance 
of scientific ethics and primarily emphasize, to the science student, that their honesty and 
social responsibility are paramount. 
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  Fortunately, I had a great opportunity in June 2006 to be a visiting scholar for 
a year at Indiana University of Bloomington (IUB), the state of Indiana, USA to develop my 
dissertation proposal.  I found that the western educational system has been studying 
ethics, in particular, moral education, ethics education, character education and value 
education, in the science classroom both pre-college and collegiate level for several 
decades.  From my investigation there I discovered many useful resources and ideas that 
can be appropriately adapted or modified in order to incorporate ethics into the science 
curriculum and to introduce ethics in the science classroom for upper secondary school 
students in Thailand. 
  When I returned to Thailand in June 2007, I found that the Ministry of 
Education has been seriously trying to urgently promote teaching moral and ethical issues 
to Thai students.  The teaching of ethics or moral development in Thailand has been 
developing for decades.  As an example, in the past 20 years, there were many lectures 
given by P.A Payutto on moral development.  In accordance with the 1991 Program of 
Activities in Science and Technology in the Asia and the Pacific Program of Education 
Innovation for Development (APEID) of UNESCO, PROAP, a Regional Experts’ Workshop 
on Development of Strategies and Methods for Teaching Values in the context of Science 
and Technology.  Participants from many countries in Asia, including Thailand, attended the 
workshop that was held in November 1991 in Penang, Malaysia.  These evidences ensured 
me that I have been working towards the right method of learning and introducing ethics in 
the science classroom.  Hopefully, I will be able to take part in developing Thai students in 
their learning of ethics in the science classroom. 
  As always, there is disagreement among scholars about the relevance of 
teaching ethics for upper secondary school science students.  On the other hand, there are 
so many people who agree that including ethics coursework in the science curricula is vital 
to the science students.  However, I was positive that I would be able to introduce and 
teach ethics in science for the students at Mahidol Wittayanusorn School in that I already 
had experienced with the school and students.  
  All things considered, first and foremost, I was willing to work on ethics 
education to be considered as an integral part of science education for science students in 
order to develop and push forward the teaching of ethics in the science classroom as one 
of Mahidol Wittayanusorn School’s strengths.  The study was conducted in order to 
introduce and develop a principle-based learning course on ethics, based on 12 principles 
of ethics in science proposed and defended by David B. Resnik (1998), in the science 
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classroom at Mahidol Wittayanusorn School through hybrid learning in which a face-to-face 
learning and web-based learning are combined.  Essentially, all teachers have been 
promoted to integrate Information and Communication Technology (ICT) into the classroom 
since computers with a wireless system are provided in every classroom.  The school also 
provides every student with a laptop computer so that it would be easier and more 
convenient for them to access to the internet and learn on their own at anytime and 
anywhere.  It would also be more interesting and effective to learn ethics in science by 
using a website along with cooperative group discussion than merely face-to-face learning 
alone.  Above all, I would hope to see that future generations of students would be able to 
live their personal and professional life happily and ethically, also to be willing to assist 
others around them to have a better life.  I do believe that if we could do this, we would 
have a better and more beautiful world than it has ever been. 
 

Purposes of the study 
 This study is divided into two phases as follows: 
 Phase I: The purpose of this phase is to survey teachers and students’ opinions 
on ethics in science in Thailand in order to: 
 1. Find the school’s general learning in ethics 
 2. Find the respondents’ ethics learning in the science classroom 
 3. Find the respondents’ opinion on learning ethics in the science classroom 
 Based on phase I, results were further used in phase II in order to find an 
appropriate learning approach of ethics in science for the main study. 
 Phase II:  The purpose of this phase was to create a learning approach of ethics 
in science classroom at Mahidol Wittayanusorn School in order to: 
 1. Promote, develop and assess students’ understanding of key ethical concepts 
and principles in science 
 2. Promote, develop and assess students’ analytical, creative, practical and ethical 
thinking skills along with communicative skills in learning ethics in science 
 3. Determine students’ opinion on learning ethics in a science classroom 
 4. Evaluate the effectiveness of a learning approach of ethics in a science 
classroom 
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Significance of the Study 
 The significance of this study is to be considered whether science teachers’ 
training on teaching ethics in science is likely to be conducted.  Additionally, in order to 
have the more effective learning approach, teachers are supposed to further modify or 
create their own approach of teaching ethics in science classroom in so far as they would 
be able to do that.  More importantly, it needs to be carefully considered whether this 
learning approach could be developed and pushed forward as a core course of teaching 
ethics in science to different levels of students at Mahidol Wittayanusorn School and also 
be considered as a useful model for other schools. 
 Above all, the consequences of the study would be truly useful to everyone in our 
learning society.  Science teachers as persons who get deeply involved in this learning 
approach and students as persons who either are or are not going to be scientists in the 
near future in order to be ethical inventors, innovators, researchers and leaders and to play 
a major role on social responsibility will benefit.  
 
Scope and delimitation of the study 
 This study is a two-phase mix methods research conducted with one group 
pretest-posttest design, based mainly on 12 principles of ethics in science which are 
proposed and defended by David B. Resnik (1998).  Other principles, besides these twelve 
principles, which will be likely to come across in the learning process, will be accepted and 
discussed in the course as new interesting principles.  Time and condensed content are a 
major limitation in this study.  Basically, it take time and it is not easy to have students 
(grade 10) fully understand and appreciate ethics in science in only one semester.  
Hopefully, when they are grown or get older, they will be able to learn more based on the 
preliminary knowledge.  Therefore, this study aimed to introduce ethics in science to them 
early regarding their high potential in science and as they also become involved in all 
science processes. 
 

Variables 
Phase I: A Survey of Science Teachers and Students’ Opinions on Learning Ethics in a 
Science Classroom 
 Population: 1) All of grade 10 students and all biology, chemistry and physics 
teachers at Mahidol Wittayanusorn School, Nakhon Pathom province, Thailand 2)  All of 
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grade 10 students and all biology, chemistry and physics teachers at the 12 Princess 
Chulabhorn’s Colleges, Thailand. 
 Sample: 1) 72 students (obtained by using simple random sampling) and all 
science teachers (N=27) at Mahidol Wittayanusorn School 2) 216 students (obtained by 
using multistage random sampling) and all science teachers (N=80) at the Princess 
Chulabhorn’s Colleges. 
 
Phase II: The Incorporation of Principle-Based Learning of Ethics into a Science 
Classroom 
 Independent variables: A hybrid learning approach of ethics in science classroom 
by using principle-based learning. 
 Dependent variables: 1) students’ understanding of key ethical concepts and 
principles in science 2) students’ analytical, creative and practical thinking skills 3) students’ 
communicative skills in learning ethics in science 4) students’ opinions on learning ethics in 
science in the science classroom 5) the effectiveness of a hybrid learning approach of 
ethics in the science classroom. 
 Population: The population was 240 of grade 10 students at Mahidol 
Wittayanusorn School, Nakhon Pathom province, Thailand. 
 Sample: The sample was 24 of grade 10 students in a general chemistry 
classroom at Mahidol Wittayanusorn School, Nakhon Pathom province, Thailand. 
 
Definitions of terms 

1. Ethics is concerned with what is right or wrong, good or bad, fair or unfair, 
responsible or irresponsible, obligatory or permissible, praiseworthy or blameworthy.  It is 
associated with guilt, shame, indignation, resentment, empathy, compassion, and care.  It is 
interested in character as well as conduct.  It addresses matters of public policy as well as 
more personal matters.  On the one hand, it draws strength from our social environment, 
established practices, law, religion, and individual conscience.  On the other hand, it 
critically assesses each of these sources of strength.  Ethics is complex and often 
perplexing and controversial and it defies a concise or clear definition.  Yet, it is something 
with which all of us, including young children, have a working familiarity (Onlineethics.   
2007: Online). 
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2. Ethics in science involves systematizing, defending, and recommending 
concepts and principles of honesty, social responsibility, right and wrong behavior of 
scientists and science students in conducting science activities.  This study was based 
primarily on twelve principles of ethics in science proposed and defended by David B. 
Resnik (1998).  This can be measured by using tests, questionnaires, observations, self- 
and peer- assessment tools, and interviews. Modified from http://www.utm.edu/research/ 
iep/e/ethics.htm and http://onlineethics.org 

3. A hybrid learning approach of ethics in science refers to “a hybrid learning” 
which is a combination of face-to-face learning and web-based learning for teaching ethics 
in a science classroom with a wide variety of inside classroom activities with the main use 
of a website and collaborative discussion on the ethical concepts and principles in science.  
A wide variety of techniques is applied to fit the different lesson plans are: (1) lecture (2) 
small-group discussions (3) experiments (4) role playing (5) paintings and cartoons (6) small 
group presentations (7) case studies (8) ethics quotes (9) ethics before class (10) 
worksheets and lab reports (11) quizzes and exams.  This learning approach can be 
measured by using the participating students’ opinions for its effectiveness. 

4. Science classroom refers to a general chemistry classroom including 
experiments at Mahidol Wittayanusorn School. 

5. Principle-based learning refers to the learning with the introduction of ethics 
into the classroom by incorporating the 12 principles of ethics in science which were 
proposed and defended by David B. Resnik, (1998). The learning aimed to apply them to 
different aspects of the research process in order not to violate commonly accepted moral 
standards and to promote the advancement of scientific goals.  The twelve principles are; 1) 
Honesty 2) Carefulness 3) Openness 4) Freedom 5) Credit  6) Education 7) Social 
Responsibility 8) Legality 9) Opportunity 10) Mutual Respect 11) Efficiency 12) Respect for 
Subjects. 

6. Understanding of key ethical concepts and principles in science refers to 
the ability to examine carefully the knowledge about key ethical concept and principles in 
science in order to make it clearer.  It can be measured by using a test and group 
interviews. 

7. Students’ thinking skills refers to analytical, creative, and practical thinking 
skills of students, based on the Sternberg’s theory of successful intelligence (2005), along 
with ethical thinking skills.  Analytical thinking skill is involved when the information 

http://onlineethics.org/
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processing components of intelligence are applied to analyze, evaluate, judge or to 
compare and contrast.  Creative thinking skill is involved when new and effective things, 
methods, ideas are created by using imagination and skills.  Practical thinking skill is 
involved individuals applying the components of their abilities to the kinds of problems that 
confront them in daily life to adapt, shape, and select environments.  Ethical thinking skill is 
involved individuals thinking of what is the right conduct and character will be done on one’s 
way of life.  In this study, ethical thinking skill is included in practical thinking skill for their 
assessment.  These thinking skills can be evaluated by questionnaires, observation made 
by researcher and group interviews. 

8. Students’ communicative skills refers to the ability of students to tolerate 
and deal effectively with ethical ambiguity and to reduce disagreement or conflict that is 
more likely to happen in the collaborative group discussion/activities of ethical principles in 
science.  They must also deal with empathy; being able to express their feeling and ideas 
on issues, listen to and respect others; the ability to paraphrase another’s point of view, the 
capacity to connect with another person’s opinion, and feel able to disagree without fear of 
reproach and the ability to accept and judge another’s point of view fairly (fairness).  These 
communicative skills (both verbal and non-verbal communication) can be assessed by using 
observation and group interviews. 

9. Students’ opinions on learning ethics in a science refers to the opinions and 
feeling that students have about incorporating ethics in science into a high school science 
classroom to determine whether they would prefer to cover moral and ethical principles of 
science through regular classroom or an additional classroom at the school.  Also, the 
students’ opinions on the application of ethics in science to themselves and society.  These 
can be measured by using questionnaires and group interviews. 

10. The effectiveness of a hybrid learning approach refers to the productive 
results of using a learning approach employed in this study in terms of the students’ 
opinions towards a hybrid-learning course.  This can be measured by using group 
interviews. 
 

Conceptual Framework of the Study 
 The conceptual framework of this study aims to identify and discuss the variables 
related to the study.  It is derived from personal experience and relevant literature reviews 
including Barbour (1985), Gosling and Musschenga (1985), Eijkelhof (1985), Onlineethics 
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(2007: Online), Sternberg (2005) and several other educators.  Barbour (1985), Eijkelhof 
(1985), Gosling and Musschenga (1985), and Onlineethics (2007: Online) addressed that 
the main aims of ethics in science education should be 1) recognizing and analyzing key 
ethical issues, concepts and principles 2) developing analytical skills and communicative 
skills. 
 Sternberg (2005) stated that the traditional instruction emphasizes mainly on 
cognitive domain and most of the tests measure primarily or exclusively memory and 
analytical skills.  There are a number of learning methods that help students excel in 
learning the sciences and motivate them to pursue a scientific course of study.  There is 
much less emphasis, in science curricula, on teaching to the effective domain.  From the 
researcher’s experience and perspective, to achieve the educational objectives, close 
attention should be paid to Bloom’s Taxonomy of Educational Objectives.  Therefore, this 
study will cover three domains, which are the cognitive domain: mental skills (knowledge), 
affective domain: growth in feelings or emotional areas (attitude) and the psychomotor 
domain: manual or physical skill (skills) as stated in the purposes of the study.  These skills, 
both mental and practical skills, are from Sternberg’s Theory of Successful Intelligence 
(2005) which is composed of practical, analytical, creative thinking skills and were applied 
to the study by the researcher.  Since ethics was involved in this study, then one more 
thinking skill, ethical thinking skill was added to this study by including in practical thinking 
skill.  Therefore, besides cognitive and affective domains, this study also focused on the 
psychomotor domains which are practical, analytical, creative and ethical thinking skills: 
(PACE) thinking skills. 
 Generally, all teachers at MWITS have attempted to integrate Information and 
Communication Technology (ICT) into the classroom since computers with a wireless 
system are provided in every classroom.  The school also provides students with a laptop 
computer so that it would be easier and more convenient for them to access to the internet 
and learn on their own at anytime and anywhere.  Therefore, in this study, hybrid learning 
(a combination of face-to-face and web-based learning) was used. 
 In this study, the researcher mainly makes use of 12 principles of ethics in 
science, which are proposed and defended by David B. Resnik (1998).  He has stated that 
many philosophers, who study applied ethics, prefer to work with general, ethical principles 
rather than moral theories.  This is because one can use principles to support an ethical 
decision or a social policy without defending an entire (possibly controversial) moral theory 
and another reason for employing general principles is that they are easier to understand, 
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to teach and learn than moral theories.  Barber (2002) also agreed that moral principles 
should be used instead of moral theories.  The 12 principles are; 1) Honesty 2) Carefulness                
3) Openness 4) Freedom 5) Credit  6) Education 7) Social Responsibility 8) Legality           
9) Opportunity 10) Mutual Respect  11) Efficiency 12) Respect for Subjects.  
 In FIGURE 1, it is an attempt to explain the conceptual framework of the study 
and to identify the relationship between principle-based learning on ethics in science 
through hybrid learning.  Students’ understanding of key ethical concepts and principles in 
science, thinking skills, communicative skills, students’ opinions on learning ethics in 
science and the effectiveness of hybrid learning approach of ethics in science are included. 
 
       Independent Variables                           Dependent Variables 

 
 
 
 
 
 
 
 

 
 

FIGURE 1 CONCEPTUAL FRAMEWORK OF THE STUDY 
 

Framework of the Study 
 A research framework for this study is described and explained as to how it serves 
as the research agenda for the study.  This framework consists of two phrases: Phase 1) A 
Survey of Science Teachers’ and Students’ Opinions on Learning Ethics in Science, which 
mainly focuses on quantitative data from a survey study. Phase 2) The Incorporation of 
Principle-Based Learning of Ethics into a Science Classroom, which includes both the 
quantitative and the qualitative data from implementing the preliminary results from the first 
phrase into an actual science classroom as shown in FIGURE 2. 
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FIGURE 2 FRAMEWORK OF THE STUDY 
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CHAPTER 2 
REVIEW OF RELATED LITERATURE 

 
 This chapter reviews related literature that is relevant to the study objectives and 
the circumstances in which they are explored. The literature review aims to identify the 
various exemplary perspectives of science education and ethics in science classroom that 
can be used to explain this study. The review is summarized in seven sections as follows: 

1. Why bring ethics into the science classroom? 
2. What is ethics? 

2.1 Defining ethics and morality 
2.2 Philosophical ethics 

  2.3 Principles of ethics in science 
3. Teaching ethics in science 

3.1 A set of objectives 
3.2 Can ethics be taught? 
3.3 Techniques and strategies 
3.4 Obstacles of teaching ethics in science 

4. Principle-based learning 
5. Hybrid learning 
6. Research related to ethics in science classroom 
7. Research related to hybrid learning 

 
1. Why Bring Ethics into the Science Classroom? 
 There is a great deal of ideas in introducing ethics into science classroom (Birch.   
1985). Introduction of ethics in science classroom for high school science students would 
be a great idea for science teachers to perform.  Indeed, they should act as good ethical 
role-models for their students.  But at the same time, they need to be scrupulous in 
encouraging open discussion of different moral perspectives among their students 
(Onlineethics.  2007: Online). 
 Birch (1985) addressed that one of defects in teaching of science today is the 
failure of science to invest its facts with values, with the consequence that it appears to be 
ethically and morally detached.  There is a way of solving this failure which is to improve 
our teaching of science by introducing ethics into the classroom. 
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 Eijkelhof (1985) addressed that achievement of teaching of ethics in science 
strongly depends on the availability of curriculum materials, on the attitude and skills of the 
teacher, the receptivity and capabilities of the students and general ethos of the schools.  
Gosling and Musschenga (1985) also agreed that at the secondary school level, the 
introduction of ethical aspects in science education depend strongly on the teachers.  
 The implications for science education and teacher education are also stated as 
shown in TABLE 1. 
 
TABLE 1 THE IMPLICATIONS OF INTRODUCING ETHICS IN SCIENCE FOR SCIENCE   
     EDUCATION AND TEACHER EDUCATION 
  

Implications for science education Implications for teacher education 
1. In secondary science education we must 
       a. adopt as a primary educational objective 
the training of pupils for active participation in 
decision-making processes in a democratic society. 
       b. avoid a too early and too rigid  division of 
the complete group of children of this age into two 
separate groups of (1) pre-scientists, and (2) pupils 
without professional aspirations towards science 
and technology. 

c.   realize this by (1) postponing the 
moment of ‚streaming‛ as long as possible, and (2) 
presenting-even after the establishment of 
separate streams-some part of  science education 
to mixed group of children recognize that students 
should not be forced to have an opinion; this is a 
personal matter and should be respected.  

In considering teacher education in respect to 
science and ethics there are two inter-related 
aspects: 
       1. The development of science teachers’ 
awareness of the nature of science and its social, 
political, economic and moral context.  
       2. The provision of opportunities to develop 
skills for creating methods of teaching which take 
into account the ethical dimensions of science and 
to enable them to work cooperatively with other 
teachers. 
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TABLE 1 (continued) 

Implications for science education Implications for teacher education 
2. With respect to the subject matter of secondary 
science education and the organization of the 
content of curricula, the following are 
recommended: 

a. concentration on the scientific and 
technological environment of the pupils; 

b. thematic organization of syllabi; 
c. focus on the problems of ‚science, 

technology and society‛; 
d. development of a fuller image of scientific 

knowledge and of the role of science and 
technology in society; integration of the discussion 
of ethical issues and science education at relevant 
points of the curriculum. 

 

 

 

 Science teachers have responsibility to their teaching methods to enable the study 
of issue of science and society to arise in their science programs.  This means that it is 
important that we should not consider science education in isolation, but in relation to moral 
education in particular (Gosling; & Musschenga.  1985).  Additionally, the moral 
development of students must be promoted as an integral part of science education 
(Eijkelhof.  1985). 
 Davis (1985) and Barbour (1985) presented that the most promising way to 
participate in the public, to be responsible in science and technology and to raise ethical 
issues concerning applied science and technology should start in schools and universities.  
This can be done by developing science courses dealing with specific public issues such as 
energy policy, environmental policy, mineral policy, food and agricultural policy, pollution or 
nuclear weapon policy. 
 There must be a change in emphasis in science education from simply teaching 
scientific knowledge and skills to learning how to use knowledge and skills in personal and 
social life.  Such a change of emphasis suggests the need to consider the role of schools in 
relation to moral education (Gosling; & Musschenga.  1985).  On the other hand, science 
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may be value free but the application of science is most certainly not (Delaney.  2000: 
Online). 
 Mehlinger (1986) expressed that there are three main reasons for including ethical 
issues at schools, in university courses, in communications to the general public, and as an 
important part of lifelong education. 
 
  1.  So many decisions which have to be made today, whether in developing or developed 

countries, involve some aspects of science and technology.  All these decisions in some way 
affect people, and most of the decisions involve making judgments balancing positive (socially 
desirable) and negative (socially undesirable) effects. 

  2.  Public opinion is a powerful force.  If the general population has knowledge and 
understanding of the social ethical issues of science and technology, then it can much better be 
involved in decision-making. 

  3.  There is a real danger of society becoming divided into a minority having some 
knowledge and understanding of science and its social issues, and the majority who feels that 
science is too difficult to understand, not of its concern, and that it is being manipulated.  The 
existence of this feeling may lead to hostility towards science and even to some of the irrational 
behavior in society today.  Social psychologists claim that ignorance may produce fear, and that 
fear may produce irrational behavior. 

 
 In the United States, there is one concern that is frequently raised by teachers and 
that is the national, state and local science curricula do not prescribe the insertion of ethics 
and values in science instruction.  Additionally, the National Science Standards published 
by the National Research Council contains various recommendations in its Science Content 
Standards for subject matter that includes ethics and values components throughout the K-
12 curriculum under the headings "Science as Inquiry".  Also, in practice of the introduction 
of ethics in science classroom, there was a National Science Foundation (NSF)-funded 
program for Long Island, New York secondary school science teachers, included two-week 
summer institutes in 1994, '95 and '96 and school year follow-up sessions.  The program 
was designed to support teachers to incorporate ethics and values content in their 
classroom science lessons.  It is convinced, from this program, that student understanding 
of science and the increasingly significant role science plays in society is enhanced by the 
infusion of ethics and values content (Onlineethics.  2007: Online). 
 ‚Should schools be teaching science ethics?‛ is a very interesting question to 
debate as a part of BBC news’ website, Talking Point (2000: Online).  There are different 
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points of view from several educational backgrounds of people; for example, teachers, 
scientists, science educators, and science communicators on introducing or teaching ethics 
in science classroom at schools.  The report found that more than half of the comments 
agreed that science ethics should be taught in the classroom.  Here are some astonishing 
comments on that debate; 
 

 Science may be value free but the application of science is most certainly not.  As a 
science educator, I have held many discussions with students on the social impact of science.  
Students appreciate the opportunity to express and explore their views and to find out how 
others view the same subject.  Teaching science ethics is not New Labour brainwashing but a 
chance to equip future generations with a rational way to interpret scientific progress - whatever 
their final opinion happens to be.  Dominic Delaney, UK 
 
 Having taught science at a variety of secondary schools in the UK, Kenya and Switzerland, 
I came to the conclusion some time ago that a values-based approach is essential if science 
teaching is to equip our children and young adults with critical thinking skills and personal 
qualities.  These include integrity, honesty, responsibility and respect, so that they can tackle 
the challenges of the future with confidence, understanding and maturity.  I believe that values 
exist naturally in every human being - they just need to be re-awakened through providing a 
supportive learning environment, suitable resources and, most importantly, through teachers, 
parents and other adults that act as role models for such values.  Helen Sayers, Switzerland 
  
 The consideration of the implications of science has now become unavoidable.  Every 
pupil will have to deal with an increasingly scientific society as adults.  In this case it seems fair 
to try and equip them with the means to deal with complex ethical issues.  As a teacher I feel 
that this is something that is best left to post 16 education.  Ethics has become an intrinsic part 
of science so why not science education as well? Matthew, Switzerland 
 
 As a science communicator, I think debates on science issues should be grounded in fact, 
and that science teachers should have access to the relevant facts.  Perhaps they also need 
help on how to facilitate debate that, although factually based, is by nature concerned with 
simple ethical and philosophical principles.  I do not believe, like some other contributors, that 
such debate in schools is, or should be, about telling pupils what to think.  It is all about getting 
pupils to think for themselves.  Barbara Davies, UK 
 
 Ethical issues and allowing children to determine what their own thoughts on morality are, 
based upon facts and alternative opinions, is part of their development process.  If they learn 
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both the facts and opinions in school, they then (when they leave) have the basics to form their 
own individual opinions which is inevitable no matter how much or what you "drill" into them.  
Morality isn't just what you learnt in school but your whole social and economic background.  
However I do believe that science ethics will help children to form moral opinions of their own 
that are based on an overall view or insight of a subject.  Gema, España 
  
 Allowing pupils to explore the issues surrounding science is crucial.  Science Year is about 
preparing young people for a future that is exciting, challenging and increasingly scientific and 
only by looking at all the facts, including moral and ethical issues will we fully be able to achieve 
these goals.  Professor Nigel Paine, UK 
 
 The people who suggest that teaching ethics within a scientific context - an essential 
aspect of modern science - means influencing children to think along certain lines, are simply 
wrong.  The whole idea is to get children to debate ethics, but with a solid basis in ethical 
theory.  It actually achieves the opposite of brainwashing - when people go to work, in science 
or anywhere else, if they are ignorant of ethical debates they are more likely to go along with 
the groupthink prevailing in their organization.  Thus, scientists are for science, priests are 
against (to oversimplify).  We want our children to be well-informed in ethical debate so as to 
make their own minds up as to what is acceptable to them, having first weighed the arguments.  
Dafydd Lewis, UK 
 
 Ethics and morals are basic general knowledge that should be assumed in anyone 
attending high school.  I'm surprised that such things are not already discussed in philosophy 
classes at that level here in the UK, and suggesting that these issues should be "merged" into 
Science classes is pure nonsense.  Dan, Scotland (Portuguese) 
  
 In a broad sense, yes - these issues are an integral part of science (and other areas).  But 
perhaps the term "teaching" implies something too hard and fast.  Children should be made 
aware of the ethical issues, take part in discussions surrounding them, and be invited to take a 
view.  Andi -Tsuyoshi Williams, Japan 
 
 Most scientists begin their careers by obtaining a doctorate of philosophy (as I did).  
However it is possible to gain this prestigious qualification without even a rudimentary 
understanding of philosophy.  Scientists need to be trained in ethics, morals and indeed the 
philosophy of science to make them better scientists. Science without ethics is like learning to 
drive without the Highway Code!  N.A. Gostick, UK 
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 All French students, in their last year at lycee (17-18 years old), are taught philosophy - 
not just morals or ethics which may only represent one view.  This is the place, I think, to study 
the implications of science.  Science lessons are just not the right place.   Pascal Jacquemain, 
UK (French) 
 The ethical questions which science and technology brings up should be discussed in 
school.  This is not a way of indoctrinating children with fixed notions of right and wrong, as 
some respondents seem to think, but rather creating an atmosphere in which pupils may be 
allowed to discuss such issues freely.  The goal of all education is to make pupils more aware 
about what goes on around them, and they should learn to participate more actively in matters 
that concern society and indeed the whole of mankind.  Edwina Ramsay, Norway (ex. UK) 
 
 I teach science at university level and train scientists in communication skills.  I agree with 
the Wellcome Trust report: the present school curriculum does not provide a basic foundation of 
scientific literacy for pupils to debate the ethics of science.  Some of my colleagues who have 
entered secondary school teaching have been shocked at the lack of scientific literacy shown by 
many other trainees (some of whom do not understand basics such as gravity, what a gene is 
etc).  Unless those areas are addressed, you risk simply generating more uninformed debate - 
just like that seen in the mainstream media on most of these subjects e.g. GM, IVF.  Jon 
Copley, UK 

 
 The above comments show various views of teaching ethics in science.  The 
majority thought that it is crucial to introduce ethics to high school students. 
 
2.   What is ethics? 
 2.1 Definition of ethics and morality 
  There are different definitions of ethics as follows: 
  Rachels (1999: 1,19) proposed ‚Minimum conception‛ of morality which is a 
core that every moral theory should accept, at least as a starting point.  Morality is, at the 
very least, the effort to guide one’s conduct by reason, that is, to do what there are the best 
reasons for doing while giving equal weight to the interests of each individual who will be 
affected by one’s conduct.  
  The following definition of ethics is interesting which is provided by 
Onlineethics (2007: Online); 
 
  Ethics is concerned with what is right or wrong, good or bad, fair or unfair, responsible or 

irresponsible, obligatory or permissible, praiseworthy or blameworthy.  It is associated with guilt, 
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shame, indignation, resentment, empathy, compassion, and care.  It is interested in character as 
well as conduct.  It addresses matters of public policy as well as more personal matters.  On the 
one hand, it draws strength from our social environment, established practices, law, religion, and 
individual conscience.  On the other hand, it critically assesses each of these sources of strength. 
Therefore, ethics is complex and often perplexing and controversial.  It defies concise, clear 
definition.  Yet, it is something with which all of us, including young children, have a working 
familiarity.  This makes ethics sound like morality (Onlineethics.  2007: Online). 

 
  Shaw (1998: 3) stated that; 
 
  ‚The word ethics comes from the Greek word ethos, meaning character or custom,‛ writes 

philosophy professor Robert C. Solomon.  Today we used the word ethos to refer to the 
distinguishing disposition, character, or attitude of a specific people, culture, or group (as in, for 
example, ‚ the American ethos‛ or ‚the business ethos‛).  According to Solomon, the etymology of 
ethics suggests its basic concerns: (1) individual character, including what it means to be ‚ a good 
person‛, and (2) the social rules that govern and limit our conduct, especially the ultimate rules 
concerning right and wrong, which we call morality. 

  Some philosophers like to distinguish ethics from morality.  To them morality refers to 
human conduct and values, and ethics refers to the study of those areas.  Ethics does, of course, 
denote an academic subject, but in everyday parlance we interchange ethical and moral to 
describe people we consider good and actions we consider right.  In addition, we interchange 
unethical and immoral to describe what we consider bad people and wrong actions…  

 

  Thiroux (1998: 2-3) declared that in ordinary language, we frequently use 
the words ethical and moral (and unethical and immoral) interchangeably; that is, we 
speak of the ethical or moral person or act.  On the other hand, we speak of codes of 
ethics, but only infrequently do we mention codes of morality.  Some reserve the terms 
moral and immoral only for the realm of sexuality and use the words ethical and 
unethical when discussing how the business and professional communities should 
behave toward their members or towards the public.  More commonly, however, we 
use none of these words as often as we use the terms good, bad, right, and wrong. 
The important thing to remember here is that moral, ethical, immoral, and unethical, 
essentially mean good, right, bad, and wrong, often depending upon whether one is 
referring to people themselves or to their actions. 
  Luper (2001: 15) views that ethics is the attempt to clarify how people 
ought to live.  It elucidates the nature of the good person and the good life, telling us 
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how to flourish or live well and it characterizes the obligations we have, enabling us to 
identify what we must do.  Ethics is the wide ranging study of right and wrong, as well 
as good and bad, insofar as these pertain to conduct and character.  It pays particular 
attention to clarifying the two most basic moral concepts --- the concept of the good 
and the concept of the right – and figuring out how these two concepts maybe related 
to each other. 
  Pojman (1998: 2) uses ethics to refer to the whole domain of morality and 
moral philosophy, since these two areas have many features in common.  For 
example, both areas concerns values, virtues, and principles and practices, though in 
different ways. 
  P.A. Payutto (1992: Online) 
 
   Buddhism is a religion that puts wisdom to the fore rather than faith.  Intelligent and 

honest inquiry are not only welcomed, but encouraged.  Part of this inquiry requires a good 
background understanding of the way cause and effect function on the personal level.  This is 
the domain of ethics or morality, and the specific domain of kamma.  What criteria are there 
for right and wrong behavior? As concepts, these words are open to a wide range of 
interpretations, but in the study of kamma we are concerned with finding definitions that are 
workable and sound.  Such definitions must not only point out a clear direction for moral 
conduct, but also provide the reasons and incentives for maintaining it.  The teaching of 
kamma satisfies these requirements.  

  … In the law of kamma we are able to find meaningful and relevant definitions of "good" 
and "evil," an understanding of which not only clarifies the path of ethical practice, but also 
facilitates personal well-being and fulfillment.  Not only individual needs, but problems and 
directions on a social level can be more readily understood with the help of this teaching.  It is 
no wonder, then, that the Law of Kamma is one of the cornerstones of Buddhism.  

 
  In summary, ethics is used to refer to the whole domain of ethics, morality, 
moral philosophy, and the specific domain of kamma.  It is the wide ranging study of right 
and wrong, as well as good and bad, insofar as these pertain to conduct and character.    
Ethics and morality were interchangeably used in this study. 
 
 2.2 Philosophical ethics 
  Traditionally, ethics has been taught at the college level mainly in departments 
of philosophy.  In large part, philosophical ethics is normative in its focus.  It examines 
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basic questions about what our values should be, what, if any, fundamental grounding they 
can be given, and whether they can be organized into a comprehensive, coherent theory.  
Another part of philosophical ethics is called metaethics, which studies the nature of the 
language and logic we use when we are concerned about morality (as distinct from, say, 
law or social etiquette) (Onlineethics.  2007: Online). 
  Resnik (1998) stated that many philosophers who study applied ethics prefer 
to work with general, ethical principles rather than moral theories because one can use 
principles to support an ethical decision or a social policy without defending an entire 
(possibly controversial) moral theory.  Another reason for employing general principles is 
that they are easier to understand, to teach and learn than moral theories.  Since principles 
are expressed in very general terms, therefore, they can be applied to a variety of cases 
and interpreted in different ways.  This kind of flexibility allows one to apply principles to 
diverse cases without ignoring important details.  Barber (2002) also agreed that moral 
principles should be used instead of moral theories as stated below; 
 
  Although the variety of ethical theories is quite bewildering, there is actually a great deal of 

overlap in the values that they support and the standards of conduct they recommend.  Many 
ethical theories have similar practical ramifications.  For this reason, many applied ethicists avoid 
restricting themselves to any one ethical theory.  Instead of focusing on theory, such pluralists 
direct their attention to core moral principles with which most people can agree.  Applied ethics, 
including scientific ethics, and professional ethics in general, can operate effectively on the basis 
of a few fundamental principles drawn from widely held values.  Thus the Nuremberg code, which 
stipulates the rights of human research participants, has three major principles (rights to informed 
consent, freedom from harm, and termination of participation) that are based on the ethical value 
of autonomy or personal liberty.  The code also states that scientific research using human 
participants should have the potential for benefiting humanity, reflecting the value of beneficence.  
Other values that form the basis for applied ethical principles include privacy, honesty, fidelity, 
and fairness.  Thus, professionals are expected to respect the privacy of their clients, avoid 
defrauding them, live up to promises they have made, and treat people with the same 
consideration regardless of differences in age, ethnicity, religion, or income. Applied ethicists are 
guided by fairly straightforward ethical principles.  Ethical dilemmas arose when these principles 
are in conflict with each other.  When that happens, the ethicists might elevate one principle over 
another.  For example, an ethicist on an institutional review board might decide that the scientific 
benefits of an experiment in social psychology were more important than the participants’ right to 
informed consent. 
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 2.3 Principles of ethics in science 
  Resnik (1998) proposed and defended twelve principles of ethics in 
science, which apply to different aspects of the research process in order to not violate 
commonly accepted moral standards and to promote the advancement of scientific 
goals.  The principles are explained, in part, as shown in TABLE 3. 
 

TABLE 3 THE TWELVE PRINCIPLES OF ETHICS IN SCIENCE 
 

Principles of ethics  
in science 

Descriptions 

1.   Honesty ‚Scientists should not fabricate, falsify, or misrepresent data or results.  They 
should be objective, unbiased, and trustful in all aspects of the research 
process.‛ 

2.   Carefulness ‚Scientists should avoid errors in research, especially in presenting results.  
They should minimize experiment experimental, methodological, and human 
errors and avoid self-deception, bias, and conflicts of interest.‛  

3.   Openness ‚Scientists should share data, results, methods, ideas, techniques, and tools.  
They should allow other scientists to review their work and be open to criticism 
and new ideas.‛  

4.   Freedom ‚Scientists should be free to conduct research on any problem or hypothesis.  
They should be allowed to pursue new ideas and criticize old ones.‛  

5. Credit Credit should be given where credit is due but not where it is not due.‛ 
6. Education ‚Scientists should educate prospective scientists and insure that they learn how 

to conduct good science. Scientists should educate and inform the public about 
science.‛ 

7. Social 
Responsibility 

‚Scientists should avoid causing harm to society and they should attempt to 
produce social benefits.  Scientists should be responsible for the consequences 
of their research and they should inform the public about those consequences.‛ 

8. Legality ‚In the process of research, scientists should obey the laws pertaining to their 
work.‛ 

9. Opportunity ‚Scientists should not be unfairly denied the opportunity to use scientific 
resources or advance in the scientific profession.‛ 

10. Mutual Respect ‚Scientists should treat colleagues with respect.‛ 
11. Efficiency ‚Scientists should use resources efficiently.‛ 
12. Respect  for 

Subjects 
‚Scientists should not violate rights or dignity when using human subjects in 
experiments.  Scientists should treat non-human, animal subjects with 
appropriate respect and care when using them in experiments.‛ 
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3.  Teaching ethics in science 
3.1 A set of objectives 

  For the past several decades, colleges and universities have been wrestling 
with the question of the place of ethics in higher education.  Traditionally, its proper place 
was thought to be in departments of philosophy or religion.  However, beginning in the early 
1970's courses in ethics began a rapid expansion into programs in medicine, law, business, 
education, engineering, journalism, communication, psychology, and so on. In the late 
1970's a group of educators representing a broad range of disciplines gathered at the 
Hastings Center to explore the question of what the objectives in teaching ethics in higher 
education should be.  What is particularly striking is that, despite the differences among 
their respective academic disciplines, these educators developed a consensus statement of 
five basic objectives.  Teaching ethics in higher education, they concluded, should 1) 
stimulate the moral imagination of students 2) help students recognize moral issues 3) help 
students analyze key moral concepts and principles 4) stimulate students' sense of 
responsibility and 5) help students deal effectively with moral ambiguity and disagreement.  
Although intended for ethics in higher education, this set of objectives seems appropriate at 
the pre-college level as well, especially in junior and senior high school (Onlineethics.   
2007: Online).  Also, for the overall aim is to help science students to appreciate the ethical 
dilemmas and values implicit in the activity, and in the results and situations to which 
scientific research gives rise.  These values and, of course, were tried to expose and 
discuss the student’s’ own views.  Science education then becomes the context of ethical 
education.  Clearly, conventional science education does not have this character (Edge.  
1985). 
  Barbour (1985) addresses that in discussing such ethical questions; the 
teaching objective is not to promote a particular answer but to encourage the recognition of 
ethical issues and the ability to analyze them.  In order to avoid indoctrination it is helpful to 
examine diverse views in particular cases in which scientists have confronted moral 
dilemmas on the job or in their public activity.  The students must engage in critical thinking 
and moral reasoning in order to develop some capacity for judgment which could carry over 
to future life.  This will require the science teacher to do some serious study in ethics or to 
work closely with a philosopher or theologian interested in ethical theory and application.   
More importantly, as Eijkelhof (1985) states that in his point of view science education must 
be changed from ‚teaching scientific knowledge and skills‛ to ‚learning how to use scientific 
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knowledge and skills in personal and social life‛.  For this purpose science education should 
make use of controversial issues in which knowledge and skills are used in the context of 
values held by individuals or groups.  In real life opinions are often presented as facts and it 
is very difficult to detect if one is not trained to do so.  A systematic reflection on 
responsible decisions and actions would be very useful when dealing with controversial 
issues. And that is what I consider to be ethics.‛ 
  The three main aims of ethics in science education should be, as shown in 
TABLE 4. 
 
TABLE 4 THE THREE MAIN AIMS OF ETHICS IN SCIENCE EDUCATION 
 

Aims of ethics in science education Descriptions 
Recognizing ethical issues Students frequently think in term of a single solution, 

they must learn to recognize that often several 
alternatives are possible and that the choice between 
these depends not only on facts but also on the 
opinions and beliefs of those involved. This of course 
also requires an acknowledgement of freedom of 
choice and some doubts in the dominating social 
consensus. 

Developing analytical skills Being able to discuss value-issues rationally can be 
very helpful in deciding complicated issues or clarifying 
the opinions of oneself or other people. It provides 
students with the tools for a more articulate and 
consistent way of justifying their moral judgments and 
of describing the process of their ethical thinking. 
Developing analytical skills should be coupled with the 
development of communication skills such as listening 
and the ability to paraphrase others’ point of view. 

Tolerating and reducing disagreement Ethical issues often arouse very emotional reactions.  
Students should learn how to express their feelings and 
ideas on an issue, and accept other points of view.  
They should then proceed to seek out points of 
agreement to reduce conflict and feel able to disagree 
without fear of reproach. 
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  Gosling and Musschenga (1985) declared that secondary schools have a 
responsibility for moral education.  The aims of moral education are to enable pupils to 
achieve the following: 
 
  - to form, articulate and express their own value judgments; 
  - to distinguish between different points of view (law, morality, self-interest ,religion) 
  - to take their own decision, justifying those referring to norms, values and principles; 
  - to learn the difference between the moral norms, values and principles one personally 

subscribes to (personal morality), and the moral norms, values, and principles to which one is 
expected to agree as a member of a group or society (public morality); 

  - to learn the difference between personal decisions in the private sphere and collective 
decisions in the public sphere; 

  - to accept the existence of different moral opinions and systems of morality; 
  - to accept the right of other persons to hold opinions different from one’s own. 
   
  The following skills, competences and attitudes, are necessary in order to 
realize those aims: 
    
  - analytical skills as tools for a more articulate and consistent way of justifying moral 

judgments and of describing the process of moral reasoning; 
  - communicative skills: listening to others; the ability to paraphrase another’s point of view 

and the capacity to connect with another person’s opinion; 
  - Imagination and empathy. 
 
  It is very important to discuss each of these objectives and suggest how they might be 

adapted to the schools.  However, at the outset, it is important to notice some assumptions 
about students that underlie this list.  The first objective assumes that students already have 
moral imagination -- the aim is to stimulate it, not to implant it.  The second objective assumes 
that students are capable of recognizing moral issues but that, like all of us, they can be 
assisted in this.  The third objective assumes students are capable of analyzing key moral 
concepts and principles--the aim being to help them sharpen and refine their abilities.  The 
fourth objective assumes that students already have, to some extent at least, a sense of 
responsibility.  The fifth objective assumes that students are already familiar with moral 
ambiguity and disagreement, but that they need help in dealing effectively with this. In sum, 
students are viewed as active learners who already have some aptitude for the study of ethics 
they will be undertaking (Onlineethics.  2007: Online). 
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3.2 Can ethics be taught? Or should ethics in science be taught in school? 
  Can ethics be taught? This is one of the most important questions in 
science education today that people from all over the world should be aware of.  From 
His Majesty the King of Thailand’s speeches that shows how important having morality 
is for all human beings.  It says; 
 
  การสอนใหค้นเก่งนี้ ถา้ดเูฉพาะบางแงบ่างมมุ อาจเหน็ว่าดวี่าสอดคลอ้งกบัสมยัเร่งรดัพฒันาแต่ถา้

มองใหถ้ีถ่ว้นรอบดา้นแลว้จะเหน็ว่าการมุ่งสอนคนใหเ้ก่งเป็นเกณฑ ์อาจท าใหเ้กดิจุดบกพร่องต่างๆขึน้ใน
ตวับุคคลไดไ้ม่น้อย ทีส่ าคญักม็ ี..... ขอ้ ๔ บกพร่องในจรยิธรรมและความรูจ้กัผดิชอบชัว่ดเีพราะมุ่งแต่จะ
แสวงหาประโยชน์เฉพาะตวัใหเ้พิม่พนูขึน้เป็นเหตุใหท้ าความผดิและความชัว่ทุจรติไดโ้ดยไม่รูส้กึสะดุง้
สะเทอืน (พระราชด ารสัในพธิทีลูเกลา้ฯถวายปรญิญาดุษฎบีณัฑติกติตมิศกัดิข์อง ๕ สถาบนั วนัที ่ ๓ 
ตุลาคม ๒๕๓๒) 

 
  In today’s world, teaching people to be clever might superficially be regarded as a good 

thing.  However, when thoughtfully considering this, you can notice how teaching them solely to 
be clever may bring about some defects in them.  One major defect is their incline in morality; 
they seek to gain maximum benefit for themselves.  This result in their offences committed 
unknowingly (His Majesty the King’s speech on the occasion of being conferred honorary 
doctorates by five institutions, or in Thai พระราชด ารสัในพธิทีลูเกลา้ฯถวายปรญิญาดษุฎบีณัฑติ
กติตมิศกัดิข์อง ๕ สถาบนั, 3rd, October B.E. 2532 (1989)).  Unofficial translation 

 
  คุณธรรมทีทุ่กคนควรจะศกึษาและน้อมน ามาปฎบิตั ิ มอียู ่ ๔ ประการ ประการแรก คอื การรกัษา

ความสตัย ์ ความจรงิใจต่อตนเองทีจ่ะประพฤตปิฏบิตัแิต่สิง่ทีเ่ป็นประโยชน์และเป็นธรรม ประการทีส่อง 
คอื การขม่ใจตนเอง ฝึกใจตนเองใหป้ระพฤตปิฏบิตัอิยู่ในความสตัยค์วามดนีัน้ ประการทีส่าม คอื ความ
อดทนอดกลัน้ และ อดออมทีจ่ะไม่ประพฤตล่ิวงความสตัยส์จุรติ ไม่ว่าจะดว้ยเหตุประการใด ประการทีส่ี ่
คอื การรูจ้กัละวางความชัว่ ความทจุรติและรูจ้กัสละประโยชน์สว่นน้อยของตน เพื่อประโยชน์สว่นใหญ่
ของบา้นเมอืง คุณธรรมสีป่ระการน้ีถา้แต่ละคนพยายามปลกูฝงัและบ ารุงใหเ้จรญิงอกงามขึน้โดยทัว่กนั
แลว้ จะช่วยใหป้ระเทศชาตบิงัเกดิความสขุ ความร่มเยน็และมโีอกาสทีจ่ะปรบัปรงุพฒันาใหม้ัน่คง
กา้วหน้าต่อไปไดด้งัประสงค ์ (พระราชด ารสัในพระราชพธิ ี บวงสรวงสมเดจ็พระบรูพมหากษตัรยิาธริาช
เจา้ วนัที ่๕ เมษายน ๒๕๒๕) 

 
  Moral principles that should be studied and practiced are comprised of (1) honesty and 

sincerity for ourselves in order to behave morally; (2) self-control to maintain that honesty; (3) 
tolerance and patience to prevent ourselves from acting dishonestly; and (4) refraining from 
dishonesty; sacrificing our trivial benefits for the sake of the entire society.  With all these four 
principles, the nation will ultimately be in peace (His Majesty the King of Thailand’s speech on 
the occasion of the merit-making ceremony in dedication to the past monarchs, or in Thai พระ
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ราชพธิบีวงสรวงสมเดจ็พระบรูพมหากษตัรยิาธริาช, 5th May, B.E. 2525 (1982)).  Unofficial 
translation 

 
  From above speeches, it shows that ethics/moral should be studied and 
practiced. In addition, the notion that ethics might be taught at the junior or senior high level 
is sometimes met with skepticism.  Morality does need to have an early beginning in our 
lives.  How, by whom, or even whether, morality should be taught in the early years are 
important questions.  Moral learning is a life-long process.  If the question is changed from 
Can ethics be taught?  to Can ethics be profitably studied?  Studying ethics, rather than 
trying to indoctrinate a set of moral prescriptions, is what the five Hastings Center 
objectives emphasize.  Students are respected as active learners who bring with them 
considerable resources to undertake the study of ethics in this or that area and should not 
be subjected to misguided efforts to implant certain moral values in them.  This respect 
should be extended to junior and senior high school students as well (Onlineethics.  2007: 
Online). 
  Mehlinger (1986) stated that typically, the family is the first and principal 
instructor for the moral values approved by custom and tradition.  Mothers, fathers and 
members of the extended family play key roles.  This is consistent to the idea of Lewis 
(1986) which is education for ethics and social responsibility should start as early as 
possible.  Lewis (1986) agrees that it is wise to allow ethical issues to come up for 
discussion but it should be in the midst of normal science teaching rather than setting aside 
specific periods devoted to ‚ethics and social responsibility‛, which can often promote an 
initial opposition.  On the other hand, Edge (1985) thought that ethics can be introduced 
into science education by separate instruction and discussion.  Harlen (1986) says 
 
  It may seem that very few of the major moral and social issues which surround scientific 

advances, such as nuclear weapons, biotechnology or genetic engineering, can be made 
accessible in any way which has meaning and value to young children.  However, even the 
most complex issues require a cognitive and effective base whose roots may reach down to the 
early years of education.  It may well be that we are likely to find the contribution of primary 
education to these issues in terms of the establishment of this foundation rather than in the 
premature introduction of discussion on the social and ethical problems arising from scientific 
and technological activity. 
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  It is necessary to include ethical issues in the science curriculum.  Science 
education at secondary school level is still based on the traditional idea that science is 
neutral, value-free and insulated from questions of value and ethics (Eijkelhof.  1985).  
Frazer and Kornhauser (1986) addressed that it is not enough to stuff our students with 
information.  Scientific problems should be described in their totality.  It is not enough to 
teach about the splitting of the atom, also to talk about its terrible consequences.  It is not 
enough to talk of lasers, also to mention ‚Star Wars‛.  It is not enough to talk of insecticides 
in chemistry, but to talk of the terrible use of insecticides and how it can damage people; it 
is not enough talking about genetic engineering but also talking about the terrible things the 
wrong experiments could produce. 
  Frazer and Kornhauser (1986) says, 
 

 I believe that this kind of social responsibility that directly, or indirectly, gets rubbed off on 
young minds will help the world much more than anything else we might do.  It is only science 
taught in this manner that would be appreciated by young minds and convince them irrespective 
of whether these young people are going to be scientists or not.  Whenever such issues are 
raised, the young minds are somehow activated.  The present day younger generation is more 
alive to world problems.  We should also remember that not all students that we teach to are 
going to be scientists.  Most of them are, in fact, going to do something else.  Inculcation of the 
scientific temper and popularization of science are important not because it is good for science, 
but because we need friends for science.  Those taking science courses in schools and 
colleges who are not going to be scientists need not know detailed equations of chemistry or 
physics but they need to know something about how science works and the total implications of 
science.  I think that this is our most important role as science communicators. 

 
  The responsibility of the educational system in a country is to prepare young 
people for the world in which they will spend the rest of their lives.  That world will involve 
decision-making, and for that reason decision-making should form a part of the educational 
process and such decision-making involves value judgments as well as moral and ethical 
considerations.  Whatever is done in the school curriculum, it is essential that such ethical 
matters are not dealt with in an authoritarian way.  In every case it is educationally 
desirable to put two sides of any argument, so that the young people concerned can indeed 
make up their own minds in the light of the evidence (Lewis.  1986). 
  In conclusion, ethics can be taught. Teaching ethics in science in a regular 
science course or an additional course still need to be investigated.   
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3.3 Techniques and strategies 
  Teaching strategies for presenting ethical dilemmas are also discussed by 
Agne (1986) that community service is described as the most ambitious and worthwhile 
educational activity.  
  There are several techniques or strategies on teaching ethics in science. 
According to Onlineethics (2007: Online), there are 7 techniques as shown in TABLE 5. 
 
TABLE 5 SEVEN TECHNIQUES ON TEACHING ETHICS IN SCIENCE 
 

Techniques Descriptions 
1. The use of case 
studies  
 

Students are given a brief scenario, or a set of brief scenarios, designed to 
illustrate specific ethical issues associated with science.  These can be 
fictional or they can be based on actual events.  After reading the 
scenario(s) students, either individually or in cooperative learning groups, 
are asked to respond questions designed to probe their ethics and values 
contents.  

2. The use of the 
structured controversy  

Students are divided into groups of two pairs.  In each group the pairs are 
given one of two brief essays describing opposing views on a controversial 
issue related to science.  After reading and discussing the issue among 
themselves the pairs engage in a brief debate in which they focus on the 
ethics and values differences that underlie the conflicting positions.  The 
pairs then exchange essays and again debate, this time supporting the 
opposite position.  The teacher rotates among the debating groups with the 
goal of keeping the debates focused on questions of ethics and values. 

3. Panel discussion  
 

Students are given a description of a scientific dispute facing a community, 
as well as an outline of the positions likely to be taken by key parties to the 
dispute, governmental officials, and citizens groups.  Students are then 
selected to represent the various parties and engage in a panel discussion, 
with the remainder of the class directing questions at the panelists.  The 
entire class then engages in an analysis and discussion of the ethics and 
values issues raised by the panelists and questioners. 

4. Simulation  
 

After reading a background essay on the some controversial new 
application of scientific research, students engage in a simulation of some 
real-life activity that requires them to make decisions with ethics and values 
implications about the ways society may choose to make use of this new 
technology.  

 



33 

 

TABLE 5 (continued) 

Techniques Descriptions 
5. Ethics and values from 
science fiction  
 

Students read a science fiction story that illustrates real life ethics and 
values issues related to science and technology.  Either individually or in 
cooperative learning group students respond to a series of questions 
designed to engage them in an analysis of the ethics and values 
associated with the choices made by the characters in the story, and to 
consider the ethics of the range of alternative actions open to the 
characters. 

6. Maintaining an ethics 
and values journal  
 

Students are instructed to make weekly entries in a journal concerning the 
ethics and values issues described in science articles appearing in 
newspapers or magazines.  The teacher periodically collects these 
journals, comments on them and selects one each week or two for 
classroom discussion.  

7. The moot court  
 

Students are given details of a case involving an individual who is being 
accused of some form of scientific misconduct.  Students are assigned to 
play the roles of defendant, prosecuting attorney, defense attorney, judge 
and a series of witnesses for the prosecution and the defense.  A mock 
trial is held with the remainder of the class serving as the jury.  

 
  Creative teachers will surely be able to think of many additional classroom 
teaching strategies designed to meet the goals of ethics instruction.  No matter what 
techniques are used, an ethics lesson will almost invariably benefit from the inclusion of a 
significant time period for discussion of the issues among students.  Teachers should 
confine their roles in such discussions to keeping things moving and focused on the ethics 
and values issues at hand.  The stimulation of the moral imagination and development of 
moral reasoning by students is generally promoted and enhanced by observing the 
differences and similarities in values and in modes of analysis employed by their peers. 
  There are a few words of caution on using these techniques; 
 
  The personal lives and experiences of students may be closer to some of these issues 

than we realize.  Discussion of a debilitating hereditary condition may be painful for a student who 
has a family member or close friend who suffers from that condition.  Children of scientists may 
be disturbed by suggestions that scientists are not all scrupulously honest at all times.  
Discussing the ethics of various techniques used to enhance reproductive techniques may 
distress a student who has learned that he or she is some form of "test tube baby."  This doesn't 
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mean that such issues must not be discussed in class, but teachers should be sensitive to the 
potential personal impacts they may have on an individual student.‛ (Onlineethics.  2007: Online). 

 
  Lewis (1986) says that the learning process will be more effective the more 
closely the pupils can be identified with the problems themselves.  An ethical problem 
which will always promote considerable discussion is the issue of experiments on animals.   
Affection for animals and concern about experiments on them is natural amongst young 
people, and it would be unwise to try to promote discussion merely by producing arguments 
in favor of such experiments.  It would be far wiser to approach the subject the other way 
round: should a new drug, which may or may not be effective, which may or may not have 
harmful side effects, be used on your own grandmother? How should that drug be tested? 
This makes the problem real and personal, and so the ethical discussion begins. 
  Frazer and Kornhauser (1986) says that many teachers are uncertain how to 
approach questions for which there are no clearly ‚right‛ or ‚wrong‛ answers.  How can 
controversial subjects be taught? There are now a number of well tried methods for 
developing students’ ability to make judgments and to form opinions.  The choice of 
approach depends on: 
 
 - the aim of the instruction, 
  - the inclinations of the teacher ( a teacher feeling ‚uncomfortable‛ with a particular style is 

unlikely to be successful using it), 
  - the expectations of the student, 
  - the issues itself, 
  - the availability of information about it, 
  - the resources available, 
  - the number of students to be taught, 
  - the time available 
 
  According to the view of Frazer and Kornhauser (1986), teaching styles of 
ethics in science consisted of four major styles which are; 
 

1. Didactic approach 
   A didactic approach to teaching controversial issues is unlikely to be successful.  We 

do not learn to make judgments by listening to someone else talk, and none of us take readily 
to being told what our beliefs and opinions should be.  However the paper by R.M. Agne gives 
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examples of this style of teaching being used successfully for informing students about 
controversial subjects. 

2. Debate and discussion 
   Students are likely to form an opinion about an issue if they are forced to think about 

it, because they have to express themselves in debate or discussion.  There are a number of 
possibilities for arranging this style of teaching, but the essential feature is that the teacher must 
be able to provide as much objective information about the issues as the students require.  The 
complexity of the information provided by the teacher will of course depend on the age, ability 
and interests of the students.  However it is common experience that once students start to 
discuss an issue, their interest is aroused and their need for more information increases.  A 
number of aspects concerning the debate and discussion method should be noted; many of 
them also apply to other teaching styles. 

   - It is best for the teacher to introduce the issue, to present some information and both 
sides of the argument, and then having provoked the students into discussion to keep in the 
background.  The introduction might be in the form of a newspaper article, a picture, part of a 
film, etc.  The teacher only intervenes (i) when approached by the students for further 
information, (ii) if the students are reaching a conclusion based on false logic, and (iii) to bring 
the lesson to a conclusion at the appropriate time. 

   - The debate either can be ‚open‛ with students freely expressing their opinions, or 
students can be forced to take sides.  It is a useful educational experience to be forced to 
speak in support of a particular argument even though one does not actually believe in it.  It is 
often useful to ask students to prepare their ideas about the issues for ‚homework‛ before the 
debate.  One approach is to ask students to prepare two papers, one for each side of the 
controversy.  Only as the lesson begins is the student told which paper is to be used. 

   - The teacher can chair the debate, in which case it is important that he or she should 
be ‚neutral‛.  Alternatively the teacher might appoint one of the classes to the chair. 

   - A ‚debate‛ or discussion about a controversial issue need not take a whole lesson.  
It is far better if ethical issues, and issues of social responsibility of scientists, are introduced 
naturally into normal science lessons.  A 10 minute discussion about the social implications of 
the science topic being studied can greatly enliven a lesson. 

   - Another effective way of thinking the students think about open-ended problems is to 
‚brainstorm‛.  Students are asked to call out as many ideas which relate to the topic in question 
as they can.  These are listed on a blackboard without comment.  When all the ideas are in 
front of the class, it is usually possible to arrange them in some sort of order.  The class then 
sees the wide range of opinions which can be expressed on a particular issue. 

   - The size of the group is important.  If there is a class of 30 and the debate lasts 30 
minutes, on average each student has a speaking time of 1 minute.  It is therefore much better 
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to divide a large class into a number of small groups.  Six points about small group discussions 
are worth mentioning. 

   - It often helps if there is a 5 minute period before the groups are formed for each 
individual to write down any ideas about the topic.  In this way each individual in the group has 
something ready to say and the group will not be dominated by the fast thinking extrovert.  A 
period of quiet reflection and note making before breaking into groups is recommended. 

   - The issues to be discussed should be absolutely clear.  It often helps to phrase it in 
the form of a question.  It should be limited in scope. 

   - It is always helpful to have the group’s report to a plenary session at the end. 
   - It is important not to allow groups to appoint their own spokesperson for the plenary 

session.  Furthermore the spokesperson should not be appointed until the end of the group 
discussion.  These conditions ensure that everyone pays attention throughout the group 
discussion. 

   - One way of making sure that a report is not too long is to ask each group to prepare 
a single acetate sheet for use with an overhead projector, and the spokesperson speaks to the 
headings on the acetate sheet. 

   - An alternative task for the group might be to prepare their conclusions in the form of 
a ‚poster‛ to be displayed later at a plenary session.  Groups may be also asked to prepare a 
set of questions which are then presented to other groups or to the whole class. 

3. Role-playing simulations, games and case studies 
   An effective way of introducing controversial issues is by simulations and role-playing.   

Students are asked to act particular roles.  They are given a brief about their particular role, and 
they then have to react to simulated situations presented to them.  They are required to make 
and defend decisions but always in terms of the role they have been assigned.  In this way, 
students experience different sides of the argument. 

   Related to simulations and role-playing is the use of decision-making games.  
Students are provided with information which will enable them to reach a decision about a 
controversial subject.  One of the problems with simulations and games is that the students may 
be left with the impression that they have solved a real problem.  They may develop a view that 
complex problems are easy to solve.  After all, a decision about sitting a nuclear power plant in 
real life has never been made during a 45 minute session.  One way of overcoming this 
problem is the use of case studies of actual problems. 

   In the case study method students are provided with information from a real problem 
and they can see how various factors are taken into account in order to reach decisions. 

4. Community service 
  The ultimate goal of moral education is that students should put their opinions and beliefs 

into action.  One way of doing this is through community service out of school. 
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3.4 Obstacles of teaching ethics in science 
  Eijkelhf (1985) stated that anyone who is trying to introduce controversial 
issues into science education must be prepared to face resistance from various quarters.   
Some hesitations among teachers to deal with nuclear arms in physics classes: they felt 
too much involved with the issue, considered themselves not to be experts in the field-or 
else they defined physics in a more narrow sense.  Official bodies are opposed to it 
because they want to avoid politics in science classes or are concerned about an increase 
in the general level of frustration among pupils about the future of society. 
 
  The goal he began by setting out can only be attained subject to certain conditions.  The 

first is the acceptance by all concerns that students are different: they are different interests, 
different backgrounds, different abilities, different styles of learning, and different views.  Without 
respecting these differences any progress towards the main aims of ethics in science education 
would be hopeless.  In the past science education has paid too much attention to differences in 
cognitive abilities. 

  A second condition is the willingness of those in charge of science curricula to create 
possibilities for student activities which stimulate moral development.  In most curricular little 
space is currently available.  Thirdly, I wish to stress the readiness of teachers to accept that 
science education should make a contribution to the moral development of students.  As a 
consequence they must be prepared to adapt some of the scientific content and methods of 
teaching. 

  The fourth condition concerns the educational climate in the schools.  I think this climate is 
of utmost importance.  I do not see how moral development can be promoted in a school in 
which students are not allowed to carry responsibilities, in which someone with a dissenting 
opinion or deviant behavior becomes an outcaste and in which conflicts are not resolved in a 
respectful and fair way. 

 
  Eijkelhof (1985) addressed that achievement of teaching of ethics in science 
strongly depends on the availability of curriculum materials, on the attitude and skills of the 
teacher, the receptivity and capabilities of the students and general ethos of the schools.   
Gosling and Musschenga (1985) also agreed that at the secondary school level, the 
introduction of ethical aspects in science education depend strongly on the teachers.  A 
distinction can be made between the following groups of teachers: 
 

1. those who are against introducing ethical aspects in science education; 
2. those who think it is not possible 
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3. those who are willing but do not know how to do it 
4. those who try but meet a lot of problems 
5. those who are successful. 

 
  Concerns about the reasons behind teacher’s attitudes in groups 1 to 4 are 
identified by showing several factors which play a negative role as shown in TABLE 6.  
(Gosling; & Musschenga.  1985; & Agne.  1986). 
 
TABLE 6 FACTORS WHICH PLAY A NEGATIVE ROLE ON TEACHER’S ATTITUDE OF     
     INTRODUCING ETHICS ASPECTS IN SCIENCE EDUCATION 
 
  Problems 
1.     Overloaded science curricula pressurized by an oppressive examination system 
2.     A pedagogical climate in the schools which is not favorable to moral development 
3.     Lack of training in moral reasoning among science teachers 
4.     Inability of teachers to deal with student activities which promote moral development so that  
        students have little  opportunity to face the consequences of their moral choices, and so are rarely   
        challenged 
5.    Resistance by teachers to changes in their role in classroom; fear of losing respect by shifting  
       responsibilities to students when using new teaching methods  
6.    Lack of communication and cooperation between teachers in different disciplines 
7.    Lack of understanding among teachers of the contemporary nature of science and technology 
8.    Inability of teacher to assess progress in moral reasoning 
9.    Low motivation and a tendency to avoid professional risks 
10.  The constraints of traditional teaching models 

 
  Chowning (2005) reported an article as details shown below: 
 
  There were some teachers are uncomfortable with teaching ethics, a subject that science 

teachers often have very little experience with.  Ethics as a discipline is full of unfamiliar terms 
and its own jargon.  Other teachers fear classroom discussions getting out of control, 
degenerating into a battle of opinions, or having parents and administrators confuse teaching 
"about" values and morals with teaching "particular" values and morals.  In addition, 
something as seemingly subjective as ethics can be perceived as somewhat out of place in a 
science classroom, where the focus is ostensibly on objectivity: "Why are we studying values 
in science class?" Students often come to class discussions with preformed opinions on many 
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ethical issues.   The challenging task for teachers is to help students learn to identify the facts 
of a case, recognize the underlying ethical dilemmas, and to understand the different 
perspectives involved.  Most students lack familiarity with ethics as a discipline and 
consequently are unable to articulate their stance or participate in a reasoned discussion 
about ethical issues in science.  Because bioethical issues offer no single right answers or 
simple solutions, they foster an understanding of the importance of logic and reason when 
approaching complex problems.  Ethics provides an authentic, motivating context for 
understanding science and relevance.  Three components are key to promoting effective 
discussions related to ethics and science: content and lesson strategies, a decision-making 
model, and a familiarity with ethical perspectives. 

 
4. Principle-Based Learning 
 In study of ethics, there are several reasons why many philosophers decide to use 
principles, rather than moral theories.  David B. Resnik (1998:22) states; 
 
  Many philosophers who study applied ethics prefer to work with general, ethical principles 

rather than moral theories because one can use principles to support an ethical decision or a 
social policy without defending an entire (possibly controversial) moral theory and another reason 
for employing general principles is that they are easier to understand, to teach and learn than 
moral theories.  Finally, since principles are generally expressed in very general terms, they can 
be applied to a variety of cases and interpreted in different ways.  This kind of flexibility allows 
one to apply principles to diverse cases without ignoring important details. 

 
 Nigel Barber (2002:213) also agreed that using ethical principles is more 
appropriate than moral theory, he describes; 
 
 … Many applied ethicists avoid restricting themselves to any one ethical theory.  Instead of 

focusing on theory, such pluralists direct their attention to core moral principles with which 
most people can agree.  Applied ethics, including scientific ethics, and professional ethics in 
general, can operate effectively based on a few fundamental principles drawn from widely held 
values … 

  
 Also, according to His Majesty the King of Thailand’s speech on the occasion of 
the merit-making ceremony in dedication to the past monarchs, or Thai พระราชพธิบีวงสรวง
สมเดจ็พระบูรพมหากษตัรยิาธริาช, 5th May, B.E. 2525 (1982), in which shows how important 
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having morality; especially, honesty and social responsibility, is for all human beings. It can 
be summarized as follows: 
 
  Moral principles that should be studied and practiced are comprised of (1) honesty and 

sincerity for ourselves in order to behave morally; (2) self-control to maintain that honesty; (3) 
tolerance and patience to prevent ourselves from acting dishonestly; and (4) refraining from 
dishonesty; sacrificing our trivial benefits for the sake of the entire society.  With all these four 
principles, the nation will ultimately be in peace. Unofficial translation 

 
 Therefore, in this study, researcher makes mainly use of twelve principles of 
ethics in science, which is proposed and defended by David B. Resnik (1998) and aimed 
to apply to different aspects of the research process in order not to violate commonly 
accepted moral standards and to promote the advancement of scientific goals.  The 
twelve principles are; 1) Honesty 2) Carefulness 3) Openness 4) Freedom 5) Credit  6) 
Education 7) Social Responsibility 8) Legality 9) Opportunity 10) Mutual Respect  11)   
Efficiency 12) Respect for subjects.  
 
5.  Research related to ethics in science classroom 
 Hall (2004) presented an article that is the opening section is a criticism of the 
view that science can be a source of moral and ethical values.  This is followed by a 
proposal that could address the serious ethical problems created by scientific advances.   
The concluding section applied this proposal to a particular educational problem in 
science. 
 Donnelly (2004) presented an article that discusses the place of ethics in 
science education and suggests that there are three domains in which science and 
ethics are judge to meet: the ethical conduct of science itself, the study of sentient living 
things, and the broader range of socio-political issues with a scientific aspect.  It goes on 
to discuss the last of these in relation to current views on science curriculum reform. 
 Wellington (2004) presented an article that argues that, in dealing with ethical 
issues, scientists and science teachers can no longer be a ‚neutral chair‛ (as in the 
humanities curriculum project of the 1970s).  Science teachers as part of the science 
profession, must have positions on socio-scientific issues and on citizenship.  The author 
calls this position ‘the view from science’ and argues that teachers should present this 
view in discussing controversial issues, rather than presenting it (or any other view) as 
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their own personal view.  In this way, science teachers can make a unique offering to 
developing citizenship education will be incomplete in schools without the scientist’s 
perspective and values. 
 Ratcliffe, Harris and Whirter (2004) reported on a research project that 
investigates the benefits and practicalities of a cross curricular approach to the study of 
ethical issues in biomedical science.  Ethical analysis was an important feature of a 
‘collapsed day’ program in which science and humanities teachers collaborated in 
producing a novel and interesting event for key stage 4 pupils on social and ethical 
aspects of genetics.  Pupils valued the opportunity to learn more about genetics and 
ethical implications and share views.  Teachers of science and humanities valued the 
opportunity to share expertise with a socio-scientific issue.  However, further 
professional development should be available for teachers across disciplines to deal with 
ethical analysis effectively. 
 Conner (2007) reported on a research that shows some of the problems related 
to assessing learning about social and ethical issues are discussed and exemplified 
through a case study intervention with a final-year high school biology class in New 
Zealand.  Students were required to write an essay of about 500 words about the 
biological, social and ethical implications of the issues associated with cancer.  Self-and 
peer-assessment were used as part of the learning to provide opportunities for students 
to improve their assays.  There are implications for teachers supporting students 
developing the skills of self-questioning, independent enquiry, critical thinking and essay 
writing. 
 Macer (2004) presented an article on the project ‚Bioethics education for 
informed citizens across cultures’ has produced free online and printed teaching 
materials for bioethics education in different countries, in response to a global need for 
such materials.  The main products are: materials for teaching bioethics; a textbook that 
could be used in school and university classes to teach about bioethical issues; and a 
network of teachers in different countries.  Since early 2003 a group of authors and 
teachers has produced, revised and tested an international textbook in China, India, 
Japan, the Philippines and Taiwan.  The project is being tested in other countries in 
2004 to develop the teaching materials.  Others are invited to join this cooperative 
network to share teaching ideas and conduct class trials of materials to teach students 
to cope with environmental and medical ethics issues across a range of disciplines. 
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 Kempton (2004) presented an article that examines how cartoons and paintings 
can be used to teach and assess the understanding of ethical issues in science.  Among 
the resources explored are paintings, concept cartoons, books of science cartoons and 
the internet. 
 Lysaght, Rosenberger  and Kerridge (2006) reported the findings of a 
questionnaire administered to 375 undergraduate biotechnology students from 19 
Australian universities to determine their attitudes towards the teaching of ethics.  The 
results suggest that undergraduate biotechnology students generally regard ethics 
education to be important and that ethics should be included in undergraduate 
biotechnology curricula.  Students tended, however, to emphasize the professional and 
industrial side of ethics and not to recognize the personal effects of morals and 
behavior.  They provide suggestions for rethinking how ethics should be taught. 
 Levinson (2002) reported a paper that presents a study that investigates the 
teaching and learning aspects of controversial issues in science education in English 
which is mandatory.  The study carries an exploratory nature and was conducted with 
the participation of (n=29) students where they were asked to answer three questions: 
(a) How do you think a "designer baby" is made? (b) What do you think a test-tube baby 
is? and (c) Some people think parents should have the right to choose things like the 
sex or eye color of their baby, what are your thoughts? Results indicate that teaching 
ethical and social issues raises issues in the instructional effectiveness of teachers. 
 Choi and Cho (2002) reported on research that examines the effects of formal 
teaching of ethical issues related to science on middle school students' attitudes towards 
science and science achievement.  The results show that teaching ethical issues in 
science had a positive influence on the students' attitudes toward science, specifically 
the interest level in science and perception of the practicality of science knowledge. 
 Reiss (1999) reported an article that summarizes arguments for and against 
teaching ethics within science education, and clarifies what might be the several aims of 
teaching ethics in science.  Discusses how ethics instruction might be incorporated into 
the science curriculum. 
 Choi, Cho and  Kim (2000) reported research that examines the effect of 
teaching science ethical issues relevant to the idle school science curriculum.  
Concludes that teaching ethical issues in science had a positive influence on student 
attitudes toward science and fostered a positive impression of science education. 
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 In conclusion, ethics should be a part of education for all students at all level, 
guided by the moral principles and the principles of ethics in science. Principle-based 
learning in many forms can be used to accomplish this. 
 

6. Hybrid Learning 
 6.1 Definitions 
  As of now, there is no consensus on a single agreed-upon definition for 
blended learning.  The terms "blended," "hybrid," and "mixed-mode" are used 
interchangeably in current research literature (Martyn.  2003).  Hybrid courses are a blend 
of face-to-face and online instruction (Nicoletcollege: Online).  In "hybrid" classes, a 
significant amount of the course learning activity has been moved online, making it possible 
to reduce the amount of time spent in the classroom.  Traditional face-to-face instruction is 
reduced but not eliminated.  The "hybrid" course model is also referred to as "blended."  
These terms are interchangeably used (University of Wisconsin Milwaukee (UWM).  2011: 
Online).  More description of hybrid or blended course is explained as follows: 

 "Hybrid" or "Blended" are names commonly used to describe courses in which some 
traditional face-to-face "seat time" has been replaced by online learning activities.  The purpose 
of a hybrid course is to take advantage of the best features of both face-to-face and online 
learning.  A hybrid course is designed to integrate face-to-face and online activities so that they 
reinforce, complement, and elaborate one another, instead of treating the online component as 
an add-on or duplicate of what is taught in the classroom. 
  
 The definition of hybrid or blended continues to be a much debated topic, as does the 
use of the term hybrid or blended itself.  Although many definitions of hybrid and blended 
learning exist, there is a convergence upon the three key points identified above.  (1) Web-
based learning activities are introduced to complement face-to-face work; (2) "seat time" is 
reduced, though not eliminated altogether; (3) the Web-based and face-to-face components of 
the course are designed to interact pedagogically to take advantage of the best features of 
each.  This Web site uses the term "hybrid" throughout for historical reasons specific to our 
campus; we intend our usage, however, to include the alternative nomenclatures "blended" or 
"mixed mode" (UWM.  2011: Online). 

 
 According to the Program in Course Redesign, funded by the Pew 
Foundation, the Pew researchers created three models of blended instruction:           
1) Supplemental Model 2) Replacement Model and 3) Emporium Model.  
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 The Supplemental Model 
  The supplemental model retains the basic structure of the traditional course and uses 

technology resources to supplement traditional lectures and textbooks.  The supplemental 
model for blended learning incorporates technology into the instructional approach of the 
course, but does not alter its basic structure.  Students may be required to complete online 
readings or activities, or participate in lab sessions.  However, there is no reduction in course 
meeting time under the supplemental model; a three-hour course would still meet in-class for 
three hours per week. 

 
  The Replacement Model 
  The replacement model reduces the number of in-class meetings, or classroom "seat-

time," and: 
 replaces some in-class time with out-of-class, online, interactive learning activities 
 makes significant changes in remaining in-class meetings. 

  Under a replacement model, there are fundamental changes to the course.  Unlike the 
supplemental model, the online resources in a replacement model are fully integrated into the 
overall instructional effort.  The online content acts as a replacement for time that would have 
been spent in a lecture hall.  Consequently, the nature of the in-class activities is changed as 
well.  Instead of traditional lectures, in-class time is freed for more interactive, collaborative 
learning experiences. 

  
  The Emporium Model 
  The emporium model eliminates all class meetings and replaces them with a learning 

resource center.  This resource center, typically a large computer lab, offers access to course 
online materials in addition to live assistance and guidance.  The emporium model is a radical 
reconceptualization of the traditional course.  Though attendance at the learning center can be 
required, there are no longer lectures in a traditional sense.  Course content is delivered via 
online materials, and in-person help is provided in the learning resource center. 

 
 In this study, the focus of using hybrid learning was on the supplemental model 
which maintains the basic structure of the traditional course and uses the website to 
supplement the traditional ones. 
 
 6.2 The significant of hybrid learning. 
  An experimental project at the University of British Columbia showed that a 
mixed-mode university course, combining online learning and face-to-face meetings, can 
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encourage students to formulate and express their own ideas more than would be the case 
in traditional classroom (Breton, et al.  2005). 
  Pape (2006) states that in recent years, thanks to the evolution of the 
Internet, wide availability of classroom computers and increased broadband access, 
blended learning is emerging as a new tool in the K-12 educational toolkit.  Defined as 
learning that combines online and face-to-face approaches, blended learning is 
accomplished through the combined use of virtual and face-to-face resources.  Blended 
learning enables classroom teachers to increase student learning opportunities beyond the 
school day and school year, more closely resembling the 24/7 model with which the current 
generation of students is most familiar.  Moreover, Zongmin (2006) says that: 
 
  Internet is today the ubiquitous supporting environment for virtual and distributed learning 

environments.  Consequently, many institutions, both public and private, take advantage of new 
technologies to offer training products and services at all levels.  Compared with the classical 
educational methods, learning over the internet, that is, Web-based learning/training, has some 
advantages.  First, the individual who wants to learn is not restricted by his/her geographical 
location or time limitation.  Second, a person who can quickly grasp the subject matter need not 
wait for others to understand too, which is not possible in a typical classroom environment.  At 
the same time, a person who is a little slow may take the course at his or her own pace.  Third, 
courses developed for the Web may prove cheaper than hiring a qualified teacher each time the 
course is administered.  However, just putting a tutorial online does not provide education in the 
real sense.  There is always a need for communication between the tutor and the students as 
well as among students.  Therefore, facilities such conferencing, mailing, bulletin boards, and so 
forth need to be sensibly applied and integrated with the course material.  The course 
conducted may also be a combination of classroom sessions and the internet.  More important, 
the Web-based learning/training system should very similar to human tutor.  So such systems 
should be more intelligent through the adoption of artificial intelligence and cognitive science 
techniques. 

 
  According to the Hybrid Course Project at University of Wisconsin 
Milwaukee (2011: Online), the advantages of hybrid course are stated as follows: 
 
  New teaching opportunities: "The hybrid took something I always knew was possible 

and let me do it." 
 Faculty can teach using a variety of online and in-class teaching strategies, which 

make it possible to achieve course goals and objectives more effectively.  
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 The hybrid model allows faculty to develop solutions to course problems and to 
incorporate new types of interactive and independent learning activities that were not possible in 
traditional courses.  

  Student engagement: "In the online classroom, there is no place to hide and in that 
sense, students can become more responsible than you could ever make them in a face-to-face 
classroom." 

 Instructors report that they feel more connected with their students and are able to 
get to know them better since they communicate both online and face-to-face.  

 Hybrid environments have the potential to increase and extend instructor-student 
and student-student connectivity and to build relationships even more so than in traditional or 
online courses.  

 Discussions started in class are continued online and online interaction often carries 
over into the traditional face-to-face classes.  

 Integration of out-of-class activities with in-class activities allows more effective use 
of traditional class time.  

 Students who rarely take part in class discussions are more likely to participate online.  
 Increased student learning: "My students have done better than I've ever seen; they 
are motivated, enthused and doing their best work." 

 Faculty believe that their students learn more in the hybrid format than they do in 
traditional class sections.  

 Instructors report that students write better papers, performed better on exams, 
produced higher quality projects, and were capable of more meaningful discussions on course 
material when reflecting online.  

 Students are better able to master concepts and apply what they have learned 
compared to students in sections of their traditionally taught courses.  

 Students may develop higher-order skills of critical thinking, problem-solving, and 
the ability to apply theoretical models to real-world data.  
 
 New pedagogical approaches: This format "may challenge you in a whole new way of 
teaching."  

 Learning to teach a successful hybrid course leads to using more participatory and 
student-centered learning activities.  

 Teaching a hybrid course transforms the teacher-student relationship to be more 
centered on student learning.  

 Instructors found that their role as teacher changed from being the "sage on the 
stage" to become more facilitative and learner-centered.  
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 Documenting the process as well as the product of learning: "The main benefit is that 
everything is all laid out, well organized.  It is all right there.  There shouldn't be any mystery." 

 Many instructors report that their course management system has increased their 
pedagogic efficiency because of its ability to organize the course and automate some basic 
activities such as quizzes, grading, and surveys.  

 All the discussion threads, course documents, announcements, and grades are 
easy to find, refer to, and print if necessary.  

 It's far easier to document online group work and participation for purposes of 
assessment.  

 
  In summary, hybrid learning is helpful and advantageous for both teachers 
and students in developing learning system. 
 
7. Research related to hybrid learning 
 Brown (2001) describes research that has investigated and compared students in 
face-to-face classes, Web-based classes, and hybrid courses which combine both methods. 
The results that show hybrid courses have the highest success rate. 
 Ellis, Goodyear, Prosser and O'Hara (2006: Abstract) reported a paper that shows 
a phenomenographic investigation into students' experiences of learning through 
discussion--both online and face to face (F2F).  The study context was a second-year 
undergraduate course in psychology for social work in which the teacher had designed 
discussion tasks to begin in F2F mode and to continue online.  A combination of open-
ended questionnaires and semi-structured interviews was used to investigate students' 
conceptions of what they were learning, their intentions and their approaches to learning 
through discussion.  Analysis of the interview and open-ended questionnaire data identified 
a number of qualitatively different conceptions, intentions and approaches to learning 
through discussion.  Associations were found between what students thought they were 
learning through discussions, their approaches to learning through discussion and their 
course grade.  Students with a cohesive conception and students adopting a deep 
approach (to learning through online discussion) got better course grades.  There was no 
significant difference between deep and surface approaches to F2F discussion and course 
grade.  The outcomes of this study have implications for the design of online and F2F 
discussion tasks and in particular for helping students adopt richer conceptions of what they 
stand to gain through discussion. 
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 Welker and Berardino (2006: Abstract) presented an article about how two 
researchers are trying to comfortably and logically place blended learning somewhere in the 
middle of two extremes--traditional classroom at one end and fully online distance learning 
at the other end.  Twenty-two faculty and 38 students at the State University of New York 
Institute of Technology (SUNYIT) responded to a survey on perceptions held about blended 
learning.  Responses from faculty revealed enrollment as a major factor in the increased 
use of this course design; quality of assignments and course grades that are as good or 
better; and courses that are producing improved writing and discussions.  While the design 
is easy to use, faculty reported more work on their part and some loss of traditional 
classroom dynamics.  Students reported flexibility, convenience, and independence as 
advantages, along with confusion, reduced social interaction, and more work as 
disadvantages.  However, there appears to be a net economic gain for students as tuition 
and financial aid remain unchanged while expenditure in time and travel are reduced.   
Course management technology and course design recommendations are provided for 
faculty consideration.  The boundaries between traditional classroom instruction and fully 
online distance learning are blurring.  As course design moves more toward a fully online 
look-alike, expectations for a smoothly operating course will be higher for both faculty and 
students. 
 Riffell and Sibley (2005: Abstract) developed a hybrid course format (part online, 
part face-to-face) to deliver a high-enrollment, introductory environmental biology course to 
resident (living on or near campus), non-science majors at a large, public university.  The 
hybrid course was structured to include bi-weekly online assignments and weekly meetings 
in the lecture hall focused on active-learning exercises.  To evaluate the effectiveness of 
the web-based component of the hybrid course, we taught the hybrid course simultaneously 
with a traditional course in which we used passive lectures to cover material in the online 
assignments.  Both courses received the same active-learning activities in class.  Students 
in the hybrid course reported that the quality of interaction with the instructor was high, that 
they read the text more often and studied in groups more frequently.  Performance on a 
post-course assessment test indicated that the hybrid course format was better or 
equivalent to the traditional course.  Specifically, online assignments were equivalent to or 
better than passive lectures, and that active-learning exercises were more effective when 
coupled with online activities.  Performance gains were greater for upperclassmen than for 
freshmen, indicating that hybrid course formats might be a superior option for 
upperclassmen when satisfying general science requirements. 
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 Krawiec, Salter and Kay (2005: Abstract) A basic bacteriology course was offered 
in two successive academic years, first in a conventional format and subsequently as a 
"hybrid" course.  The latter combined (i) online presentation of content, (ii) an emphasis on 
online resources, (iii) thrice-weekly, face-to-face conversations to advance understanding, 
and (iv) frequent student postings on an electronic discussion board.  They compared the 
two courses through statistical analysis of student performances on the final examinations 
and the course overall and student assessment of teaching.  The data indicated that there 
was no statistical difference in performance on the final examinations or the course overall.  
Responses on an instrument of evaluation revealed that students less strongly affirmed the 
following measures in the hybrid course: (i) The amount of work was appropriate for the 
credit received, (ii) Interactions between students and instructor were positive, (iii) I learned 
a great deal in this course, and (iv) I would recommend this course to other students.  They 
recommend clear direction about active learning tasks and relevant feedback to enhance 
learning in a hybrid course. 
 Hall (1999: Abstract) stated that a "connected classroom" model was used for an 
educational psychology class which relied heavily on both face-to-face and Web-based 
collaborative discussion.  As part of the class, students were required to participate in 
collaborative discussion that consisted of a structured environment in which students 
addressed open-ended questions about foundational class material.  Each week students 
completed a Likert questionnaire on which they were asked to rate their subjective 
reactions to both Web-based and face-to-face collaborative activities.  Results indicated 
that: (1) for the majority of subjective questions asked, responses to the face-to-face versus 
Web-based collaborative learning did not significantly differ; (2) students found the face-to-
face learning to be more socially positive, and they reported learning more about others in 
their group; (3) for Web-based discussion, students found discussions of opinion questions 
to be less effective for promoting learning than application questions; and (4) students' 
appreciation of group members' views and the amount they reported learning about other 
students decreased over the course of the class across both formats. 
 From the aforementioned research, it can be summarize that hybrid learning 
provided both advantages and disadvantages for students.  Frequently, the effectiveness of 
hybrid learning seems to be better or equivalent to the traditional approach and is the 
learning method that has the highest success rate. 



CHAPTER 3 
RESEARCH METHODOLOGY 

 
 This chapter describes the details of the research methodology which was used to 
explore the study in order to develop and assess a learning approach of ethics in science 
with an emphasis on high school science students.  This study is conducted in both 
quantitative and qualitative ways by using a one group pretest-posttest design.  The 
research methodology in this study was comprised of five major sections as follows: 

1. Participants 
2. Research Procedures  
3. Research Instruments 
4. Data Collection 
5. Data Analysis 

 

Phase I: A survey of teachers and students’ opinions on ethics in a science 
classroom 
Participants 
 Teachers and students who participated in this study are as follows: 

1. Pilot Study 
1.1  Participating teachers were 3 Mahidol Wittayanusorn School social 

sciences and arts teachers. 
1.2 Participating students were 28 Mahidol Wittayanusorn School students. 

2. Main Study 
2.1  Participating teachers were 107 science teachers from Mahidol 

Wittayanusorn School (MWITS) and 12 Princess Chulabhorn’s Colleges (PCCs). 
2.2 Participating students were 288 of grade 10 science students from Mahidol 

Wittayanusorn School (obtained by using simple random sampling) and 4 Princess 
Chulabhorn’s Colleges (obtained by using multistage random sampling). 
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Research Procedures 
 There are 8 major steps in the first phase research study: 
 Step 1: Studying, gathering and summarizing information about survey study and 
related documents 
 Step 2: Creating, writing and determining the quality of the survey instruments 
 Step 3: Contacting, selecting and preparing involved teachers and students 
 Step 4: Conducting pilot study/preliminary study 
 Step 5: Revising the research instruments 
 Step 6: Conducting main study 
 Step 7: Gathering and analyzing data 
 Step 8: Drawing a conclusions 
 
Research Instrument 
 The instruments used in this study were a Questionnaire of Science Teachers’ 
Opinions on Learning Ethics in Science and a Questionnaire of Science Students’ Opinions 
on Learning Ethics in Science (See Appendix B).  The questionnaires consisted of four 
major parts as follows; Part I: Personal data of respondent, Part II: School’s ethics learning 
in general, Part III: Respondent’s ethics learning in the science classroom, and Part IV: 
Respondent’s opinions on learning ethics in the science classroom. 
 The questionnaires were the combination of semi-closed-ended questions (both 
only one answer and multiple answers) and give reasons for choice in a survey.  The 
researcher has modified some questions from a survey of Joan M. Booth and Jinnie M. 
Garret, Department of Biology, Hamilton College, Clinton, New York which was an 
instrument of a research study entitled “Instructors’ Practices in and Attitudes towards 
Teaching Ethics in the Genetics Classroom”.  There were twenty-two questions for teachers 
and twelve questions for students in the surveys, most of them were created by the 
researcher.   The Index of Consistency was conducted by three experts and then modified.   
A pilot test of the questionnaires was carried out with three teachers and twenty-eight 
students at Mahidol Wittayanusorn School.  The questionnaires were revised and ready to 
use in the main study. 
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Data collection 
 The questionnaires were delivered to the coordinator of each school.  At Mahidol 
Wittayanusorn School, the questionnaires were delivered to the main coordinator at school 
by the researcher himself.  When it came to the12 Princess Chulabhorn’s Colleges, the 
questionnaires were delivered to the main coordinator at Princess Chulabhorn’s College 
Pathum Thani.  Then, they were sent to all Princess Chulabhorn’s Colleges.   Eventually, 
science teachers and students completed and returned the questionnaires to the 
researcher, giving the response rate of 73.79 and 70.59 percent of teachers and students, 
respectively.  These response rates were considered acceptable (Creswell. 2005). 
 
Data analysis 
 Data analysis consisted of examining survey answers of teachers and student 
responses to the questions.  Data were analyzed using descriptive statistics namely 
frequencies and percentages for respondents’ answers.  In addition, document analysis was 
used for open-ended questions. 
 
Phase II: The incorporation of principle-based learning on ethics into a 
science classroom 
Participants 
 Teachers and students who participated in the second phase of this study are as 
follows: 

1. Pilot Study 
  Participating students were 23 of grade 10 students at the Mahidol 
Wittayanusorn School who studied in a general course of “Foundation of Chemistry” taught 
by the researcher in the first semester of the 2008 school year.  Also, included were 28 
students in a classroom of tenth graders at the Mahidol Wittayanusorn School in an elective 
course of “Scientific Ethics” taught by the researcher in the second semester of the 2008 
school year. 

2. Main study 
  Participating students were 24 of grade 10 students at the Mahidol 
Wittayanusorn School who studied in a general course of “Foundation of Chemistry” taught 
by the researcher in the first semester of the 2009 school year. 
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Research Procedures 
 There were 8 major steps of research procedures in this phase of study: 
 Step 1: Studying, gathering and summarizing information from the first phase of 
study as a preliminary result and also from related documents 
 Step 2: Creating, writing and finding the quality of lesson plans and research 
instruments 
 Step 3: Contacting, selecting and preparing the course 
 Step 4: Conducting the pilot study 
 Step 5: Revising lesson plans and research instruments 
 Step 6: Conducting the main study 
 Step 7: Gathering and analyzing student’s learning outcomes 
 Step 8: Evaluating the learning approach 
 
Research Instruments 
 There were 5 major research instruments used in this phase of study: 1) 
Questionnaire on Students’ Opinion of Ethics in Science (QSAES) 2) The Test on 
Understanding of Ethics in Science (TUES) 3) Evaluation Form on Thinking Skills (EFTS; 
Practical and Ethical Thinking Skills) 4) Interviews Questions for Students (IQS) 5) Students’ 
Participation Observation Form (SPOF). 
 Developing instruments and of finding the quality of each instrument are explained 
as shown in TABLE 7. 
 
TABLE 7 DEVELOPING AND FINDING RESEARCH INSTRUMENTS’ QUALITY 
 

Research 
Instruments 

Methods  Instruments’ quality 
Created by 
researcher 

Adapted from 
others 

Validity Reliability 

1. QSASTES X X IOC* CA** 
2. TUES X  IOC Inter-rater coefficient 
3. EFTS X  IOC CA 
4. IQS X  IOC  
5. SPOF X  IOC   
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* IOC = Index of Consistency 
** CA = Cronbach’s Alpha  
 
Data collection 
 The data were collected from 24 participating students in a general chemistry 
class.  Data were gathered during the main study phase.  These data were obtained from 
various types of research instruments at different times as shown in TABLE 8.   
  
TABLE 8 REASEARCH INSTRUMENTS AND DATA COLLECTION PERIODS 
 

Instruments 
Data collection periods 

Subjects Before During After 
the instruction 

1. TUES X  X All PS* 
2. EFTS X  X All PS 
3. QSAES X  X All PS 
4. IQS   X All PS ( 2 groups) 
5. SPOF  X  All PS 
     

 
*PS = Participating Students 
 
TABLE 9 ETHICAL PRINCIPLES INCORPORATED IN THE LESSON PLAN IN THIS 

STUDY 
 

Lesson 
Plan 

(Period) 

Topics** 
 

Ethical principle 
mainly used* 

Lecture 

Experim
ent 

Assignm
ent 

Case study 

Others 

1-2 Orientation and introduction 1-12      
3-4 Atomic structure: atomic models 1,2,3,6  &10      
5 Subatomic particles 2 &7      

6-7 Wave and its properties 1,2,3,10,11&12      
8-9 Spectrum 9      
10 Ionization Energy 3 &10      
11 Electron configuration 3 &10      
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TABLE 9 (continued) 

Lesson 
Plan 

(Period) 

Topics** 
 

Ethical principle 
mainly used* 

Lecture 

Experim
ent 

Assignm
ent 

Case study 

Others 

12 Cloud atomic model 3 &10      
13-15 Electron configuration in shells 3 &10      

16 Chemical bonding 3 &10      
17-19 Ionic bonds 3,5,9,10 &11      

20 Energy and ionic formation 9      
21-22 Dissolution of ionic compound 1,2,3,10  &11      

23-24 Molecular and ionic formula 1,2,3,10 &11      

25 Conductivity of ionic compound 1,2,3,4,10 &11      

26 Types of covalent bonds 7      
27-29 Covalent compounds’ formula and 

nomenclature 
3,6,7 &10      

 
30-32 Shapes of covalent molecule and VSEPR 1,2,3,10 &11      
33-35 Shapes of covalent molecule and VBT 3  &10      

36 Molecular polarity 3&10      
37 Bond length, bond angle and bond energy 3,6 & 9      

38-39 Bond energy calculation 9      
40-41 Intermolecular forces 1&5      

42 Network covalent solids 3&10      
43 Metallic bonds 7      
44 Periodic table 1,9&10      
45 The properties of elements in rows and 

periods 
3,6&10      

46-47 The properties of compounds in periods 1,2,3,10&11      
48 Transition elements and their properties 1,2,3,7,10&11      

49-50 Complex compound of transitions 1,2,3,10&11      
51 Complex compound formula and IUPAC 

nomenclature 
6&9      

52 Radioactivity 2,3,7,9&10      
53 Nuclear reactions 1,2,3,4,7,9&10      
54 Element position and property prediction 1-12      
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* 1 = Honesty   2 = Carefulness 3 = Openness   4 = Freedom 
     5 = Credit   6 = Education  7 = Social responsibility     

  8 = Legality           9 = Opportunity 10 = Mutual respect  
 11 = Efficiency 12 = Respect for Subjects  

 
 From TABLE 9, besides the principles mainly used in the lesson plans such as in 
a lecture, assignment, experiment and case study, there were other approaches where 
principles incorporated, for instance, sub quiz or exam, group discussions, self-directed 
learning, ethics before class, ethics quotes, and a website. 
 
Data analysis 
 The descriptive statistics, means and standard deviation, were mainly used to find 
the quantitative results.  Document analysis was employed to find the qualitative results in 
the interviews. 
 Qualitative data analysis was also used to support the quantitative results of the 
learning outcomes.  The observations were carried out during the on-going classroom 
instructions and follow-up interviews were performed after the completion of the course.    
 
Development and examination of instruction materials 

1. Lesson plans 
1.1 Related content and course syllabus of the fundamentals chemistry was 

studied. 
1.2 The obtained data from 1.1 was analyzed and used to create the lesson 

plans for 54 periods of teaching incorporated with the12 principles of 
scientific ethics. 

1.3 The lesson plans were submitted to a group of three experts who are 
involved with the social sciences, chemistry and educational subjects.  The 
congruence evaluation of each lesson plan which was evaluated by the 
experts to find whether it is congruent with the objectives of the lesson, 
was performed by using questionnaires with a 3- level rating scale 
consisting of 1) congruent 2) not sure 3) not congruent (See Appendix J). 
Each lesson plan was analyzed by Item - Objective Congruence (IOC). 
Improvement of the lesson plans, regarding content validity, and language 
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was reconstructed consistent with the experts’ suggestions and comments. 
1.4 Students in grade ten at Mahidol Wittayanusorn School tried out the 

improved lesson plans for both clarification the appropriateness and 
quality.  Lesson plans were tried out in a regular class of the fundamentals 
of chemistry in the 1st semester of the 2008 school year, and in part, 
mainly case studies, were also tried out in an additional class of scientific 
ethics in the 2nd semester of the 2008 school year taught by the 
researcher.  Improvements of the lesson plan were done for making use of 
them in the main study, according to the students’ comments and 
feedback. 

2. A website of teaching ethics in science 
  A website, was created by the researcher, was based on the findings of the 
surveys. The procedures for developing and examining the website were as follows: 

2.1 Related documents and research, mainly from the findings in the first 
phase of this study which are suggested by science teachers and students 
were studied. 

2.2 The obtained data from 2.1 was analyzed and used to create the website 
which consists of important components regarding the survey results (See 
Appendix G) 

2.3 The website was submitted to a group of three experts who are involved 
with the social sciences, chemistry and educational subjects.  Another 
group of three experts are those who are involved with web page design 
and education technology to check on the consistency of the content and 
of the performance of web page.  Improvement of the website, regarding 
content validity, language, patterns, color, font size and other aspects was 
reconstructed in regards to the experts’ suggestions and comments. 

2.4 The improved website was tried out with three ten graders at Mahidol 
Wittayanusorn School for clarification of language and performance.  The 
determination of its appropriateness was performed and it was prepared 
for use in the main study. 

 
Development and examination of research instruments 
 The objective was to evaluate the congruence of research instruments that were 
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created by the researcher and then examined by experts in order to find the defects of each 
component of the instruments so that improvements could be made before the field 
experiment.  The examination of all research instruments is presented as follows: 

1. Questionnaire on Students’ Opinions on Ethics in Science (QSAES) 
1.1 Related documents and the twelve principles of ethics in science were 

studied in details by considering David B. Resnik’s (1998) description of 
each principle. 

1.2 The 20 statements of questionnaire were created using the data from 1.1, 
based on Likert’s 5 level rating scale of both positive and negative 
statements: 
The positive rating scales of agreement 
 Strongly agree : 5 
 Agree   : 4 
 Neutral   : 3 
 Disagree  : 2 
 Strongly disagree : 1 
The negative rating scales of agreement 
 Strongly agree : 1 
 Agree   : 2 
 Neutral   : 3 
 Disagree  : 4 
 Strongly disagree : 5 
Meaning interpretation of mean scores is divided into five levels: 
 Very High  : 4.50 - 5.00 
 High   : 3.50 – 4.49 
 Moderate  : 2.50 – 3.49 
 Low   : 1.50 – 2.49 
 Very low  : 1.00 – 1.49 

1.3 The questionnaire was submitted to three experts who are involved with 
the social sciences, chemistry and educational subjects.  Improvement of 
the questionnaire, regarding IOC (content validity, language) was 
reconstructed being consistent with the experts’ suggestions and 
comments. 

1.4 The improved questionnaire was tried out with grade 10 students at 
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Mahidol Wittayanusorn School for clarify of language and a determination 
of questionnaire quality for each statement were performed.  Finally, 17 
efficient statements were chosen. 

1.5 Determination of the questionnaire obtained from 1.4 was used to find 
reliability, calculated by using α-coefficient of Cronbach’ method (Aiken. 
1991:100). The reliability of the questionnaire by Cronbach’s alpha is 0.887 

2.    The Test on Understanding of Ethics in Science (TUES) for measuring 
students’ knowledge and understanding of ethical principles, issues and 
concepts in both pre-test and post-test were constructed using the following 
step: 
2.1 Ethical principles, issues and concepts were studied based on David B, 

Resnik’s (1998) proposal and defense. 
2.2 The obtained data from 2.1 were used to create opened-understanding 

test. 
2.3 The understanding test was submitted to a group of three experts who are 

involved with the social sciences, chemistry and educational subjects.  
Improvement of the test, regarding content validity, language was 
reconstructed in accordance with the experts’ suggestions and comments. 

2.4 The improved test was tried out with grade ten students at Mahidol 
Wittayanusorn School for clarify of language and determination of 
understanding test quality for each item were performed.  Finally, 5 efficient 
test items were chosen. 

2.5  Determination of the test quality obtained from 2.4 was used to find 
reliability, inter-rater reliability, calculated by using Pearson Product 
Moment Correlation (Aiken.  1991: 26). The reliability of the test by 
Pearson’s correlation coefficient is 0.948. 

3. Evaluation Form of Thinking Skills (EFTS; Practical Thinking Skills) 
  Evaluation form of thinking skills, Practical thinking skills was to check 
students’ thoughts and opinions on scientific activities they are involved with both in 
practical and ethical ways. The evaluation form was administered before and after the main 
study with the following steps: 

3.1 The twelve principles of ethics in science were studied in detail by 
considering at David B. Resnik’s (1998) description of each principle. 
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3.2 The 48 statements for evaluation were created using the data from 3.1, 
based on Likert’s 5 level rating scale of both positive and negative 
statements: 
The positive rating scales of agreement 
  Strongly agree  : 5 
  Agree    : 4 
  Neutral    : 3 
  Disagree    : 2 
  Strongly disagree  : 1 
The negative rating scales of agreement 
  Strongly agree  : 1 
  Agree    : 2 
  Neutral    : 3 
  Disagree    : 4 
  Strongly disagree  : 5 
Meaning interpretation of mean scores is divided into 5 levels: 
  Very high  : 4.50 - 5.00 
  High   : 3.50 – 4.49 
  Moderate   : 2.50 – 3.49 
  Low   : 1.50 – 2.49 
  Very low   : 1.00 – 1.49 

3.3 The evaluation form was submitted to three experts who are involved with 
the social sciences, chemistry and educational subjects.  Improvement of 
the evaluation form, regarding IOC (content validity, language) was 
reconstructed in accordance with the experts’ suggestions and comments. 

3.4 The improved evaluation form was tried out in grade ten with students from 
Mahidol Wittayanusorn School for clarify of language and determination of 
evaluation form quality for each statement were performed.  Finally, 38 
efficient statements were chosen. 

3.5 Determination of the evaluation form obtained from 3.4 was used to find 
reliability, calculated by using α-coefficient of Cronbach’ method (Aiken. 
1991:100). The reliability of the evaluation form is 0.848. 
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4. Interview Questions for Students (IQS) 
4.1 All activities with incorporated ethics in classroom and research objectives 

were studied. 
4.2 The obtained data from 4.1 was analyzed and used to create the questions 

of students on learning ethics in science. 
4.3 The interview questions were submitted to a group of three experts who 

are involved with the social sciences, chemistry and educational subjects.  
The congruence evaluation of each question which was evaluated by the 
experts to find whether they were congruent with the objectives of the 
questions, was performed by using questionnaires with a 3 - level rating 
scale consisting of 1) congruent 2) not sure 3) not congruent (See 
Appendix C). Improvement of the questions, regarding content validity, and 
language was reconstructed in consistent with the experts’ suggestions and 
comments. 

4.4 The improved questions were tried out in grade ten with students from 
Mahidol Wittayanusorn School for clarify the appropriateness and quality.  
Improvements of the questions were done for making use in the main 
study, regarding to students’ comments and feedback. 

 
Statistics 

1. Statistics used to analyze the quantitative data in this study were descriptive 
statistics, means and standard deviation.  Document analysis was also used to 
analyze the qualitative data. 
1.1 Means 
1.2 Standard deviation 

2. Statistics used to develop the instruments for validity and reliability are as 
follows: 
2.1 Content Validity by Index of Item-Objective Congruence (IOC) 

   IOC = ∑R/N 
Where  IOC  denotes Item-Objective Congruence 
  ∑R  denotes the sum of expert’s opinion scores 
  N  denotes the number of experts 
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Each congruent item is converted to a scoring system 
  “Congruent” is assigned a score of   +1 
  “Not sure” is assigned a score of     0 
  “Not congruent” is assigned a score of  -1 

  
2.2 Cronbach’s Alpha Coefficient 
 Cronbach’s alpha (α) is a general formula for estimating the reliability of a 
test consisting of items on which two or more scoring weights are assigned to 
answers.  It was a measure of squared correlation between observed scores 
and true scores.  In other words, reliability was measured in terms of the ratio 
of true score variance to the observed score variance.  The Cronbach’s alpha 
equal to 1.0 when the total score variance was perfectly attributable to the 
common factors running through the test items.  Cronbach’s Alpha Coefficient 
was calculated by 
 
   α= (k/(k-1)) * [1- ∑ (s2

i)/s
2
sum] 

 
 Where  α denotes Cronbach Alpha Coefficient 
   k  denotes the number of items in the group 
   S2

i  denotes the variances for the k individual items 
   s2

sum  denotes the variance for the sum of all items 
 
2.3 Inter – rater reliability 
 Inter-rater reliability is a method of measuring reliability.  It was used to 
determine the extent to which different raters agree with each other in scoring 
the responses of different examinees and items. The most common approach 
to determining this inter-rater reliability is to have two persons score the 
responses of a sizable number of examinees and then compute the correlation 
between the scores assigned by the two scores.   This process yields an inter-
rater reliability coefficient. In this study, the Pearson Product-Moment 
Coefficient or r, was used. The range of r is in value from -1.00 (perfect 
inverse relationship) through 0.00 (absence of a relationship) to +1.00 (perfect 
direct relationship). 



 

 

 

 

CHAPTER 4 
FINDINGS 

 
 This chapter presents the results and interpretations of the two phase mixed-
methods research which are a survey and experimental research.  Data analysis and the 
results of the research are provided as the following topics: 

1. The results of phase I: A survey of teachers and student’s opinions on ethics in 
a science classroom 

2. The results of phase II: The incorporation of principle-based learning of ethics 
into a science classroom  

 

Phase I: A survey of teachers and students’ opinions on ethics in a science 
classroom 
 The results of a quantitative survey of teachers and students’ opinions on learning 
ethics in science are shown as follows, 
 

1. Personal data of respondent 
 Personal data of respondents, teachers and students from Mahidol 

Wittayanusorn School (MWITS) and Princess Chulabhorn’s Colleges (PCCs), are presented 
in TABLE 10 and 11, respectively.  
 

TABLE 10 SUMMARY OF THE QUESTIONNAIRE TEACHERS’ PROFILE 
 
           
Variables 

Schools 
Total % 

MWITS PCCs 
N = 27 % N = 80 % N = 107 100 

Gender 

Male 12 44.4 28 35.0 40 37.4 
Female 13 48.2 40 50.0 53 49.5 
Not specify 2 7.4 12 15.0 14 13.1 

Age (year) 

20-25 1 3.7 5 6.3 6 5.6 
26-29 12 44.5 14 17.5 26 24.3 
30-35 10 37.0 28 35.0 38 35.5 
36-40 - - 8 10.0 8 7.5 
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TABLE 10 (continued) 

           
Variables 

Schools 
Total % 

MWITS PCCs 
N = 27 % N = 80 % N = 107 100 

 More than 40  4 14.8 25 31.2 25 27.1 

Level of education 

Bachelor’s 
degree 

8 29.6 46 57.5 54 50.5 
Master’s degree 16 59.3 32 40.0 48 44.9 
Doctoral degree 1 3.7 - - 1 0.9 
Other 2 7.4 2 2.5 4 3.7 

Years of teaching 
experience 

1-5  13 48.2 13 16.2 26 24.3 

6-10  10 37.0 23 28.8 33 30.8 

More than 10  4 14.8 44 55.0 48 44.9 

Field of subjects 

Chemistry 9 33.4 25 31.25 34 31.8 
Biology 10 37.0 25 31.25 35 32.7 
Physics 8 29.6 30 37.5 38 35.5 

Grade of teaching 

Grade 10 17 63.0 41 38.7 58 40.5 
Grade 11 12 44.4 34 32.1 46 32.2 
Grade 12 8 29.6 31 29.2 39 27.3 

Participation in 
scientific ethics 
activities 

Yes 8 29.6 24 30.0 32 29.9 

No 19 70.4 56 70.0 75 70.1 

 
 From TABLE 10, it is seen that the majority of the respondents are female who 
are in the age range of 30-35.  Most of teachers have a Bachelor’s and Master’s degree 
and have more than of 10 years of teaching experience.  The number of chemistry, biology 
and physics teachers is almost the same. Most teach grade 10 students.  As for 
participation in scientific ethics activities, mostly, they have not participated. 
 The results also indicated that 87.5%, 6.25% and 6.25% of teachers have ever 
studied/been trained/ attended a seminar or conference on ethics in science for 1-5, 5-10 
and more than 10 times, respectively.  In addition, 53.1% of teachers rated their level of 
satisfaction of their participation in activities as high or very high.  
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TABLE 11 SUMMARY OF THE QUESTIONNAIRE STUDENTS’ PROFILE 
 
 
Variables 

Schools 
Total % 

MWITS PCCs 
N =72 % N =216 

216 
% N=288 

288 
100 

Gender 

Male 46 63.9 74 34.3 120 41.7 
Female 25 34.7 142 65.7 167 58.0 
Not specify 1 1.4 - - 1 0.3 

Age (year) 

14 - - 1 0.5 1 0.4 
15 25 34.7 49 22.7 74 25.7 
16 42 58.3 149 69.0 191 66.3 
17 - - 13 6.0 30 4.5 
Not specify 5 7.0 4 1.8 9 3.1 

 
 TABLE 11 shows that the majority of the respondents are female who are at the 
age of 16.  
 

2. School’s general learning in ethics 
 A total of 82.2% teachers reported that their schools offer at least one course 

in ethics to students.  Mostly, (66.3%) the courses do not include any that focuses on 
science and ethics in science and 15.9% reported that there is one course focuses on 
science and ethics.  About 18 percent of teachers addressed that their school does not 
offer any courses.  Most of teachers stated that the schools have core requirements that 
include some ethical components for all students by requiring students to take a specific 
course relating to ethics or to attend some non-classroom activity; for instance, ethics camp 
and community service. 

 The survey showed that 37.9% of students rated their level of understanding of 
ethics in science as high or very high as shown in FIGURE 3. 
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FIGURE 3 STUDENTS’ OPINION ON THIER LEVEL OF UNDERSTANDING ETHICS IN   
     SCIENCE 
 
  In addition, 66.3 % thought that they are interested in studying ethics in 
science as high or very high as shown in FIGURE 4. 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 4 STUDENTS’ OPINION ON THEIR INTEREST IN STUDYING ETHICS IN   
     SCIENCE 
 
  That ethics in science is important was rated high or very high by 92.7 % of 
the students (See FIGURE 5).  The reasons of such importance are as in the following 
examples that were given; 
  “If scientists have no ethics, the consequences would be harmful to public”, 
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  “Ethics is what all scientists must have in doing research”, 
  “Science can be used in both good and bad sides, but if it does not get along 
with ethics, then it will be damaged” 
  “To make us good and ethical scientists” 
  “Ethics will build a good society” 
  “If scientists had no ethics in working, the results would not be successful and 
would be harmful to others as well”. 
  “If scientists lack ethics, then the research findings would not be trusted” 
  “If scientists lack ethics, then the advancement will decrease” 
  “To be highly successful, scientists should be ethical” 
  “Without ethics, everything will be mistaken” 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 5 STUDENTS’ OPINION ON THE IMPORTANCE OF ETHICS IN SCIENCE 
 

3. Respondent’s ethics learning in the science classroom 
  The survey reported that 91.6% of teachers introduced or incorporated ethics 
into a science classroom  by using different pedagogical methods; for example, formal 
lecture, assigned readings and papers, open informal discussions/small group 
discussions/debate, inquiry-based learning, simulations/role-playing/drama projects, small 
group research and seminar presentations and others.  Forty nine percent of these teachers 
rated their satisfaction with their introduction of ethics in the class as high or very high.  For 
teachers who have never introduced or incorporated ethics into a science classroom but are 
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interested in doing so, they would like to introduce it into the science classroom by using 
simulations/role-playing/drama-projects, watching/editing TV news video, inquiry-based 
learning, science fiction and games and so on. 
  As for students, 61.8% learned ethics in the science classroom through formal 
lecture, having a visiting speaker, assigned reading and papers, and science fiction and so 
on.  About 58.4% of students in this group rated their satisfaction with learning ethics in 
science as high or very high.  Approximate 38.2% of students who have never learned 
ethics in science before, but would like to do so.  They reported that they would like to learn 
it through simulations/role-playing/drama projects, science fiction, having a visiting speaker, 
watching or editing TV news video, painting, cartoons, inquiry-based learning, issue-based 
learning, open informal discussion/small group discussions/debate, case study analysis and 
so on. 
  In total, 68.2 % of teachers included ethical issues in the main assigned 
textbook.  Mostly, in a special section separated from the main body of the text.  The 
ethical issues included were a variety of prominent ethical principles, impact of research on 
the individuals or society and consideration of diversity of values and beliefs which are the 
first three ethical issues students have learned in their science classrooms.   About 26.2% 
of teachers indicated that they have not included ethical issues in the main assigned 
textbooks at all.  Furthermore, 49.5% of teachers incorporated extra materials into the 
lesson aside from the assigned text book that specifically focused on ethical issues.  About 
25.3% of teachers devoted approximately 20% of their class time to ethical issues and 71% 
of teachers in this group counted the ethical components of the class towards the students’ 
grades which were based on papers/assignments and participation in discussions. 
  Most of teachers (53.3%) reported that they included as much coverage of 
ethical issues in their course as they think it should be and 43.9% of them were satisfied 
with that amount as high or very high.  About 46.7% of teachers stated that they did not 
think that they included as much coverage of ethical issues in their course as it should be. 
The main reasons given are the 1) lack of class time for ethical issues 2) uncomfortable, 
lack of knowledge and resources on the subject 3) lack of preparation time for ethical 
issues as shown in FIGURE 6.  There was only one teacher who was not interested in it 
and thought it was not necessary to teach.  Three of them who chose others, their 
responses were as follows: 
  “Ethical issues were not evaluated directly, just incorporated ethics during 
activities regarding of appropriateness” 
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  “Ethical knowledge was not focused on, but more of ethical practise” 
  “The consistency between the content and incorporated ethics” 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 6 THE REASON WHY TEACHERS DID NOT INCLUDE AS MUCH COVERAGE  
     OF ETHICAL ISSUES IN THEIR CLASS 
 

4. Respondent’s opinion on learning ethics in the science classroom 
  Science teachers and students chose 5 out of 12 principles of scientific ethics 
(proposed and defended by David B. Resnik, 1998) that they thought are most important 
and ranked them in order of importance. The results are as shown in FIGURE 7. 
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FIGURE 7 THE RANK OF THE IMPORTANCE OF SCIENTIFIC ETHICS PRINCIPLES 
 
  From FIGURE 7, the top five important scientific ethics principles, for science 
teachers, are honesty, social responsibility, carefulness, openness and credit, respectively.  
When it comes to science students, the results are honesty, carefulness, social 
responsibility, freedom and openness, respectively. 
  A total of 76.6% of teachers thought that there should be an academic 
requirement of ethics for science students.  Majority of these teachers, 75.6%, 
recommended that it should be in the core curriculum requirements for all students and 
20.7% of them recommended that it should be in the elective courses for the students who 
are only interested in it.  About 61.2% of teachers thought that science students should be 
exposed to ethical issues in a regular science classroom.  On the other hand, 16.5% of 
them thought that it should be in a class with a specific science and ethics focus, and 
18.2% thought that it should be in unrelated ethics courses offered by schools as shown in 
FIGURE 8.  Interestingly, 2.5% thought that it should be in other ways such as students 
should learn both in regular science classroom and in a class with a specific science and 
ethics focus.  Another idea was to encourage students to be active in ethical activities.  On 
the other hand, there were two teachers (about 1.6%) who thought that science students 
should not be exposed to ethical issues or concepts. 
 

 
 

0
200
400
600
800

1000
1200

420

165 134 59 79 74
274

46 6 22 26 54

1025

628

273 333
217 254

551

248
133 137

240 252 Teachers

Students

Sc
or

e 



71 

 

 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 8 THE CLEAR EVIDENCE THAT LEARNING ETHICS SHOULD BE IN A  
     REGULAR SCIENCE CLASSROOM RATHER THAN AN ADDITIONAL ONE 
 
  In total, 71.2% of students thought that there should be an academic 
requirement of ethics for science students.  About 55.1% of these students recommended 
that it should be in the core curriculum requirements for all students and 38% of them 
recommended that it should be in the elective courses for the students who are only 
interested in it. 
  Most of science teachers and students are interested in several different kinds 
of activities, inside and outside of the classroom, group discussions and web-based learning 
as pedagogical methods for learning ethics as shown in FIGURE 9. 
  A majority (62.6%) of teachers and 64.6% of students thought that hybrid 
learning (the combination of face-to-face and web-based learning) would be an appropriate 
pedagogical method of learning ethics.  The website should look fashionable and 
interesting, be easy to access and use, be easy to learn from anywhere, anytime and have 
various components as shown in FIGURE 10.  The major components of the website 
should be 1) learning materials 2) resources or related websites 3) news and 
announcements 4) course syllabus 5) web board or chat room 6) moral music or songs.  
There were more recommendations which are animation, ethical movies, etc. (See FIGURE 
11) 
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FIGURE 9 TEACHERS’ AND STUDENTS’ OPINIONS ON PEDAGOGICAL METHODS   
     FOR LEARNING ETHICS 

 
  Most of teachers thought that there should be enhancements of thinking skills 

for students in learning ethics in science which are practical, ethical, analytical, and creative 
thinking skills.  Most of students thought that there should be creative, ethical, practical and 
analytical thinking skills.  Furthermore, synthesis thinking skill, team working, and scientific 
process could be enhanced as well. 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 10 TEACHERS’ AND STUDENTS’ OPINIONS ON THE WEBSITE 
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  The survey found that 85% of teachers would participate if there was to be a 
training workshop or seminar on pedagogical methods of ethics for science teachers.  Their 
responses were as follows: 
  “If it would be interesting and could be applied in reality” 
  “It is interesting, helpful and should be cultivated to everyone.” 
  “I seriously would like to implement it in the science classroom.” 
  “It could be a guideline for curriculum development.” 
  “It could be a guideline for helping students to aware of scientific ethics.” 
  “To fulfill the knowledge for the teachers themselves and to have experience 
and expertise for teaching students with several ways in classroom” 
  “It seems to be interesting and beneficial to society.” 
  “It is more important than academic knowledge.” 
  “To share techniques and teaching method of scientific ethics in classroom” 
 
  The reasons of about 8.4% of teachers who wouldn’t participate are “Not sure 
yet” and “No enough time to participate.” 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

FIGURE 11 TEACHERS AND STUDENTS’ OPINIONS ON THE MAJOR COMPONENTS  
     OF THE WEBSITE 
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Phase II: The incorporation of principle-base learning on ethics into a 
science classroom 

1. The results of the first objective: to promote, develop and assess 
students’ understanding of key ethical issues, concept and principles in science. 
  The result of the understanding test on ethics in science is shown in TABLE 
12.  
 
TABLE 12 PRETEST AND POSTTEST SCORE OF THE UNDERSTANDING TEST ON  
      ETHICS IN SCIENCE 
  

No. 
Score 

No. 
Score 

Before After Before After 
1 8.0 15.0 13 6.0 13.5 
2 6.5 14.0 14 5.5 14.0 
3 7.5 12.5 15 5.0 13.5 
4 8.0 14.0 16 5.5 11.5 
5 7.5 13.0 17 4.5 13.5 
6 7.5 11.0 18 4.0 14.5 
7 7.0 15.0 19 5.0 12.0 
8 7.0 12.5 20 5.5 12.5 
9 3.5 10.0 21 2.0 13.5 
10 9.0 14.5 22 4.0 14.0 
11 7.0 12.5 23 7.0 11.0 
12 7.0 9.5 24 9.5 15.0 

 
Mean 6.2 13.0 
S.D. 1.81 1.55 

 
  From TABLE 12, the posttest score of all students are higher than the pretest 
score.  The mean of pretest and posttest are 6.20 (S.D. = 1.81) and 13.0 (S.D. = 1.55) 
respectively.  This showed that the mean of posttest is greater than the pretest.  It can be 
concluded that students have better understanding of ethics in science. 
  According to the interviews, when the students asked what they thought about 
the understanding of the concepts and principles of ethics in science they have learned in 
this semester, some of their thoughts were: 
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- I better understood because I never learned this in a lower secondary 
school. There was just general ethics, especially, Buddhism ethics. When I 
learned here, I better understood the principles of ethics in science. 

- In terms of “animals in research”, I have never known this before. I always 
thought that killing animal is prohibited. In fact, we can use animals and kill 
them if needed, basically for research purpose. 

- To use animals in research, if the researcher has no ethics, animals could 
die. On the other hand, if the researcher has ethics, they should minimize 
the number of animals and try not to harm them. 

- I agree, Based on Buddhism beliefs, killing animals is wrong, but in 
research, they must be killed after the research is done. Even though it 
conflicts with the religious principle, but it’s for all, for public. 

- I understand that there is a teacher who is interested in ethics more than 
other teachers. 

- I got better understanding because there were case study worksheets to 
do. 

- I understand but I don’t know if there would be anyone who takes it to 
action. It depends on individuals and time or sometimes from the 
experimental results. 

- Most parents care about only grade point so that sometimes students 
needed to copy others’ homework. Also, it depends on each individual’s 
value and time limitation. We had to make up labs because most teachers 
always look at the results first. 

- I got better understanding on it. 
 

2. The results of the second objective: to develop and assess students’ 
analytical, creative, practical and ethical thinking skills along with communicative 
skills in learning ethics in science. 

 The results of thinking skills from the questionnaire are shown in TABLE 13. 
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TABLE 13 THE MEANS AND STANDARD DEVIATION OF PRACTICAL THINKING SKILLS 
 

No. Statement 

Before After 

Mean 
(S.D.) 

Interpretation 
Mean 
(S.D.) 

Interpretation 

 
1 

Honesty 
I draw a conclusion and report my result as its 
real data as obtained from an experiment. 

4.13 
(0.61) 

      High 
4.25 
(0.53) 

      High 

2 I don’t fabricate or falsify data from experiment in 
order to get the expected result. 

3.79 
(0.59) 

High 
4.04 
(0.81) 

High 

3 I ask or copy my friends’ exams. 4.29 
(0.89) 

High 
4.46 
(0.66) 

High 

Mean rating for the principle of honesty 4.07 High 4.25 High 
 
4 

Carefulness 
I conduct an experiment and present results by 
minimizing experimental and human error. 

3.83 
(0.70) 

High 
4.08 
(0.93) 

High 

5 I avoid self-deception and bias in experiments.  3.92 
(0.78) 

High 
4.17 

(0.76) 
High 

Mean rating for the principle of carefulness 3.88 High 4.13 High 
 
6 

Openness 
I usually would like to share data, results, 
methods or ideas with peers.  

4.21 
(0.66) 

High 
4.67 

(0.48) 
Very high 

7 I would like my peers to be able to review my 
experimental results or science project. 

4.04 
(0.62) 

High 
4.54 

(0.59) 
Very high 

8 I am open to criticism and new ideas on my 
experimental results or science project. 

4.25 
(0.61) 

High 
4.54 

(0.59) 
Very high 

9 I don’t want anybody know important data of my 
results or science project that I am doing, and 
not completely finish yet 

3.21 
(0.78) 

Moderate 
3.50 

(1.18) 
High 

10 I don’t want to perceive new ideas, methods, or 
peers.  

3.71 
(1.00) 

High 
4.54 

(0.59) 
Very high 

11 I like working cooperatively and trust the others. 3.96 
(0.69) 

High 
4.42 

(0.58) 
High 

Mean rating for the principle of openness 3.90 High 4.37 High 
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TABLE 13 (continued) 

No. Statement 

Before After 

Mean 
(S.D.) 

Interpretation 
Mean 
(S.D.) 

Interpretation 

 
12 

Freedom 
I like to be free to conduct research on any 
problem or hypothesis.  

4.04 
(0.69) 

High 
4.29 

(0.69) 
High 

13 I like to be free in doing inquiry in science for my 
experiment or science project. 

4.04 
(0.81) 

High 
4.71 

(0.46) 
Very high 

14 If I had a freedom in doing an experiment that 
may harm the others, I would do it.  

3.96 
(1.08) 

High 
4.71 

(0.46) 
Very high 

Mean rating for the principle of freedom 4.01 High 4.57 Very high 
 

15 
Credit 
I put my friend’s names who are not involved in 
the experiments or group work in the report or 
assignment.  

2.58 
(0.78) 

Low 
2.25 

(1.19) 
Low 

16 I agree on the punishment for students who 
copy other students’ assignment or plagiarize 

3.50 
(1.06) 

High 
3.79 

(1.02) 
High 

Mean rating for the principle of credit 3.04 Moderate 3.02 Moderate 
 

17 
Education 
I always teach or explain my friend on the topics 
or experiments they don’t understand.  

3.83 
(0.70) 

High 
4.42 

(0.65) 
High 

18 I want to make sure that my friends always do 
the good and proper experiment.  

3.58 
(0.78) 

High 
4.50 

(0.59) 
Very high 

19 If I had a change to educate or give a seminar 
or workshop in science to community or public, I 
am willing to do it. 

3.88 
(0.80) 

High 
4.29 

(0.69) 
High 

Mean rating for the principle of education 3.76 High 4.40 High 
 
 

20 

Social responsibility 
I will definitely not do any science experiment 
that harm school or society. 

4.38 
(0.58) 

High 
4.71 

(0.46) 
 

Very high 

21 I will try to bring scientific knowledge to make 
best benefit to society.  

4.29 
(0.62) 

High 
4.54 

(0.51) 
Very high 

22 I will take my responsibility on my science 
experiment or project I have conducted.  

4.08 
(0.72) 

High 
4.54 

(0.59) 
Very high 



78 

 

TABLE 13 (continued) 

No. Statement 

Before After 

Mean 
(S.D.) 

Interpretation 
Mean 
(S.D.) 

Interpretation 

23 I will inform public or society knows about the 
scientific results or findings.  

3.88 
(0.74) 

High 
4.13 

(0.45) 
High 

Mean rating for the principle of social responsibility 4.16 High 4.48 High 
 

24 
Legality 
I always do my experiments or science project 
under the code of conduct or related standard. 

4.17 
(0.92) 

High 
4.46 

(0.66) 
High 

25 I will conduct an experiment with high get paid 
regardless of legality.  

4.00 
(0.98) 

High 
4.42 

(0.58) 
High 

26 I do not use hazardous and prohibited 
chemicals, human and animals in experiment if I 
am not legally allowed. 

4.46 
(0.78) 

High 
4.75 

(0.44) 
Very high 

Mean rating for the principle of legality 4.21 High 4.54 Very high 
 

27 
Opportunity 
I’m not satisfied if It is unfair for me in using 
resources in doing science experiment or 
project.  

3.83 
(0.82) 

High 
4.13 

(0.99) 
Very high 

28 I think female scientists should get the equal 
opportunity as well as male scientists in doing 
scientific work.  

4.67 
(0.56) 

Very high 
4.92 

(0.28) 
Very high 

Mean rating for the principle of opportunity 4.25 High 4.53 Very high 
 

29 
Mutual respect 
I don’t want my peers to harm me both 
physically and mentally. 

4.17 
(0.70) 

High 
4.75 

(0.44) 
Very high 

30 I respect the privacy of all group members. 4.08 
(0.65) 

High 
4.58 

(0.50) 
Very high 

31 I won’t get involved in my peers’ experiment 
which can cause danger, if not allowed.  

4.21 
(0.51) 

High 
4.38 

(0.65) 
High 

Mean rating for the principle of mutual respect 4.15 High 4.57 Very high 
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TABLE 13 (continued) 

No. Statement 

Before After 

Mean 
(S.D.) 

Interpretation 
Mean 
(S.D.) 

Interpretation 

 
32 

Efficiency 
I always use materials and chemicals in 
experiments efficiently. (worth, value, and most 
effective). 

3.96 
(0.69) 

High 
3.88 

(0.61) 
High 

33 I will minimize animals in lab and most efficient 
or I will use other subjects instead of animals if 
possible.  

4.17 
(0.87) 

High 
4.54 

(0.66) 
Very high 

34 I will use resources that can be reused. 3.88 
(0.61) 

High 
4.21 

(0.51) 
High 

Mean rating for the principle of efficiency 4.00 High 4.21 High 
 

35 
 

Respect for subjects 
I will treat animal subjects with care and respect 

4.33 
(0.64) 

High 
4.58 

(0.50) 
Very high 

36 I will take good care of animal subjects 
regarding of their welfare such as enough space 
place to live, sterile, enough food and water, and 
no torturing.  

4.29 
(0.55) 

High 
4.63 

(0.49) 
Very high 

37 I don’t think animal subjects should be taken 
care much because they eventually will be killed. 

4.21 
(0.88) 

High 
4.67 

(0.70) 
Very high 

38 Subjects have their own rights to stop or 
withdraw from experiment anytime if they feel 
that they will be harm or killed. 

4.50 
(0.59) 

Very high 
4.75 

(0.44) 
Very high 

Mean rating for the principle of respect for subjects 4.33 High 4.66 Very high 
Mean of all principles 3.98 High 4.31 High 

 
  From TABLE 13, the mean of all principles of ethics in science before and 
after studying ethics in science were high.  The mean of after studying (4.31) was higher 
than before (3.98).  In addition, the mean ratings for all principles after studying were rated 
as high and very high.  The principles of freedom, social responsibility, legality, opportunity, 
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mutual respect, and respect for subjects were rated as very high after studying.  This can 
be seen in FIGURE 12. 
 

 
 
FIGURE 12 CHART OF THE MEANS FOR STUDENTS’ PRACTICAL THINKING SKILL  
     BEFORE AND AFTER STUDYING 
 
  At the beginning of the class, students were introduced to ethics quotes by 
well-known people and also by their senior students who have studied ethics quotes before 
in “scientific ethics” course.  Then, students were asked to create their own ethics quotes.  
They submitted an ethics quote they wrote at the end of a semester which used various 
examples they were introduced to throughout the semester.  Here are all of their wonderful 
ethics quotes submitted,  

- Science leads us to the origins of life, ethics teaches us how to live life 
- A future in science without ethics, is no future at all 
- If scientists are likened to a clock with inaccurate time, … how then can 

they be useful? 
- A scientist with good resolution and vision can change the world, a 

scientist with ethics and morals protects the world 
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- Progressive science, visionary scientists, uphold ethics culminate into 
progressive research 

- An eagle and a vulture may seem similar, but are different. The same 
holds true between an ethical and unethical person. 

- If science is a tree, ethics is the water that helps it grow beautifully 
- If gratitude symbolizes good people, then ethics symbolizes good 

scientists. 
- If knowledge is the trunk of a tree, then ethics is the root of its very 

strength 
- A successful scientist who achieves fame through unjustifiable means is 

like an unsuccessful person in life 
- An ethical scientist is like a warrior with well-equipped weapons. An 

unethical scientist is also a warrior with weapons, but ones that are 
chipped and faulty. 

- If a scientist is likened to an inflated ball, an unethical scientist is a 
deflated ball that has no use. 

- A true scientist not only understands the theory of ethics, but practices it. 
- Scientists that uphold ethics are like physicians with tools to cure patients. 

Unethical scientists are like ill-equipped physicians with knowledge, but no 
curing skills. 

- “Words of Blessings” Now that I am in this world, pray not let me be poor. 
If I am poor, pray not let me be unethical. If I am unethical, pray not let me 
be ungrateful. If I am ungrateful, pray not that I am not born into this world. 

- If a mold shapes materials, then morality shapes the mind 
- Do not let science be unethical, think wisely and do no wrong, then 

happiness follows. 
- Scientists without ethics are not true scientists 
- Morality is like an anchor that steers a country ahead 
- We must believe in what we can prove, but the proven must not be 

unethical 
- Science is like a light bulb, if wrongly used, you will only see darkness. 

Only when you can make brightness out of darkness, you can fully reap 
the benefits. 

- Do goodness - based research 
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- All disciplines originate from the purity of goodness 
  From the ethics quotes, the students needed to think creatively and also had 
to communicate by writing (communication, generally, we don’t have much time in class to 
discuss, therefore mostly, students shared their ideas outside classroom, what we can 
observe is that when they presented their assignment or oral presentation).  One student 
said that he did talk to his father to get “the world of blessing” which is good to have him 
communicate with his parents. 
  According to the interviews, when students were asked to explain whether 
learning science incorporated with ethics helps promote and develop the thinking skills, 
which are practical thinking skills, analytical thinking skills, creative thinking skills and 
communicative skills.  As for practical thinking skills, the following are their responses: 

- This helped a lot. When we knew ethics in science, eventually we utilized it 
in the experiments like we use chemicals efficiently and not played in labs. 

- I think this helped.  To do an experiment ethically, the results would be 
real. If (you) do it carelessly, the results would not be real. Therefore, we 
should make the results as real as it should be. 

- This really helped. Like in labs, when we made something wrong and we 
had to repeat it .This made us more careful. 

- This helped us write the references or citation more accurately.  
When it comes to analytical thinking skills, the responses are as follows: 
- It was good. I made us analyze better. We can analyze whether an 

experiment should be conducted by taking ethics in science for granted. 
For example, taking chemicals to animals, we had to think whether it’s 
good or not. 

- It was wonderful. In particular, case studies, we analyzed other people 
behaviors or conduct before giving a presentation. The case studies made 
us learn whether we should do like the others (in case studies) do. For 
example, Dr. Art-Ong Jumsai Na Ayudhaya, he landed the Viking to the 
surface of the moon for real.  

- Ethics quotes also needs analytical thinking skills. 
- The case study helped much on analytical thinking skill. 
- Analytical thinking skill made us more careful and to pay more attention to 

work. 
- This helped thinking to the point. 
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For creative thinking skills, the responses are as follows: 

- This was a very good help. In case study presentation, we had to think 
about how to design the power point presentation in order to get friends 
attracted. 

- The painting contest on animal subjects that our friends attended brought 
art and science together which help greatly in creative thinking. 

- In doing experiments, it helped us to come up with new methods 
corresponding to ethics in science, for instance, using chemicals worthily 
and efficiently. 

- It helped promote us to work in groups creatively. Also, the paintings on 
animal subjects helped our imagination. 

 
In favor of communicative skills, the responses are as follows: 

- We got this skill from working as a group and also from giving a 
presentation of the case study. 

- Very good. We got this skill from doing a case study, group work which 
needs mutual respect, the power point presentations, painting is another 
way of communication. 

- Presentation on case study, group working and brainstorming helps in 
promoting this skill. 
 

3. The results of the third objective: to determine students’ opinion on 
learning ethics in a science classroom. 
  The results of students’ opinions on learning ethics in science are shown in 
TABLE 14. 
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TABLE 14 THE COMPARISON OF MEANS AND STANDARD DEVIATION OF STUDENT’S  
      OPINION ON LEARNING ETHICS IN SCIENCE BEFORE AND AFTER EXPERIMENT 

 

No. Statement 
Before After 

Mean 
(S.D.)  

Interpretation 
Mean 
(S.D.)  

Interpretation 

1 I always like studying science in 
new perspectives. 

4.33 
(0.48) 

High 
4.38 

(0.58) 
High 

2 I think that science and ethics are 
related. 

4.04 
(0.69) 

High 
4.58 

(0.65) 
Very high 

3 I’m interested in and curious about 
how I will be a good scientist.  

3.71 
(0.81) 

High 
4.38 

(0.71) 
High 

4 I understand ethics in science well.  3.54 
(0.78) 

High 
4.33 

(0.70) 
High 

5 I think that study ethics in science 
would be the basis of becoming a 
good scientist.  

4.17 
(0.82) 

High 
4.54 

(0.51) 
Very high 

6 I would like to be a good, ethical, 
and role model scientist to other 
ones.  

4.04 
(0.75) 

High 
4.46 

(0.59) 
High 

7 Study of behaviors and 
characteristics of ethical scientist is 
interesting.  

3.75 
(0.61) 

High 
4.42 

(0.58) 
High 

8 I think that all science students 
should study about ethics in 
science as a basis for studying 
other science subjects.  

4.21 
(0.66) 

High 
4.63 

(0.58) 
Very high 

9 I think ethics in science is difficult 
and boring to study.  

3.46 
(0.98) 

Moderate 
3.96 

(1.08) 
High 

10 Studying ethics in science helps 
me open up my point of view on 
another side of science that I have 
never known before. 

3.88 
(0.80) 

High 
4.25 

(0.74) 
High 

11 Studying ethics in science is useful 
for me to live my daily life, further 
education and professional job.  

4.13 
(0.68) 

High 
4.38 

(0.58) 
High 
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TABLE 14 (continued) 

No. Statement 
Before After 

Mean 
(S.D.)  

Interpretation 
Mean 
(S.D.)  

Interpretation 

12 Studying ethics in science makes 
me aware and appreciate in the 
importance and value of way of 
life.  

3.92 
(0.65) 

High 
4.46 

(0.59) 
High 

13 Studying ethics in science teaches 
me that I have to make more 
social responsibility.  

4.21 
(0.59) 

High 
4.38 

(0.58) 
High 

14 I’m interested in pursuing my 
career on ethics in science.  

3.21 
(0.78) 

Moderate 
3.75 

(0.85) 
High 

15 Ethics in science is very important 
for science student, also scientists 
in different fields of interest.  

4.33 
(0.56) 

High 
   4.58 

(0.58) 
Very high 

16 I would like all schools to provide 
ethics in science in science 
curriculum.  

3.83 
(0.96) 

High 
4.21 

(0.78) 
High 

17 Ethical scientist will help society be 
prosperous, livable and make 
everyone live together happily. 

4.67 
(0.56) 

Very high 
4.63 

(0.58) 
Very high 

 
  From TABLE 14, most of the mean scores for students’ opinions on ethics in 
science after studying were higher than before.  There was only one statement which is 
“Ethical scientist will help society be prosperous, livable and make everyone live together 
happily.” was slightly lower (from 4.67 to 4.63).   Interestingly, all statements, after studying, 
were rated as high or very high.  That means students agreed or strongly agreed with the 
statements. This can be seen in FIGURE 13. 
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FIGURE 13 CHART OF THE MEANS FOR STUDENTS’ OPINIONS ON LEARNING   
     ETHICS IN SCIENCE BEFORE AND AFTER STUDYING 
 
  According to the group interviews, they responded to the questions.  The first 
question asked students to describe how important they think ethics in science is for 
science students.  Here are some of their responses: 

- Most important. Research data without ethics are just made-up data, not 
from the truth. It doesn’t seem to be important. Therefore researchers must 
have ethics. 

- A smart student, but not good, will not be able to develop our nation. We 
must be good and we should be scientifically ethical, including general 
ethics. 

- Very important. Doing research without ethics is for ourselves, not for 
others so we might have to do something wrong. For others, we might 
have to contribute something, just for the others, and for the peace of our 
country. 

- What do scientists really do research for?  For mankind! Without ethics, 
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making up the data will affect what will further develop our world, for 
instance, Hwang Woo Suk. He lost his reputation, discredited himself, was 
unreliable, wasted time and also wasted resources. 

- Most important. A science student might be a future scientist. Scientist 
should be cultivated ethically because people will believe the findings’ a 
scientist has made even it is either good or bad. 

- Very important. Ethical scientists will make themselves more reliable or 
credit. 

 
  When asked students to describe whether they think science students should 
learn about scientifically and socially questionable issues (this means conflicts or 
questionable issues of science in society; for example, scientists’ honesty, animal 
experimental subjects, illegal research or experiments).  The following are responses from 
students: 

- Learning for these issues makes us good scientists in the near future and 
we will be able to develop our nation. 

- We should learn it in order to use it as a lesson on the bad consequences, 
of those who had misconduct, got so that we won’t do it unethically. 

- We should learn it. If we learn only the content or theory we will not be 
able to know what the consequences are. If we did (something) wrong, 
and no had punishment, but when we learned from the case study, and 
then we knew the punishment we will get when we do wrong. 

- We should learn it. Like lawyers, they have to consider the old cases in 
order to further their work. Therefore, scientists need to know if there were 
any wrongs in what they do and they won’t do it. If it is a good thing, take 
it as a good model and this also helps us go with the world current/flow. 

- We should learn it because it might affect our life. For instance, genetically 
modified organisms (GMO), what are going to happen if we eat them? So 
we as scientists should be social responsible, open minded and educate 
our society. 

- I don’t know if we should learn about it. For example, in case of Hwang 
Woo Suk, we learned it, but some might not take it into account. There 
might be several factors involved. Some have learned from their parents, 
environments, some might learn later on which will be used for real. 
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  When asked to decide whether they agree that all science students should be 
taught about concepts and principles of ethics in science in order to use it as a guideline or 
regulation in learning or doing experiments ethically? The responses with several reasons 
are as follows: 

- I agreed, when we get taught it will make us become good scientists. If 
not, even if we are smart, but not good, it’s just like a robot without a 
heart/mind. If we get educated about this, we can help develop our 
country. 

- Experiments need to go along with ethics in science. Our school gets 
grants from Thais’ taxes so we have to spend money worthily and also 
should focus on carefulness. 

- I agreed, if we don’t follow the principles of ethics in science, then society 
will be condemned.  Also, if they do it illegally, they will get caught and 
their future is a dead end. Deplored for their knowledge which will not be 
able to be used develop our country. 

- Buddhist or religious precept will cover ethics in science. 
- I agreed, experiments need ethics because the results would tell us if it’s 

theoretically correct. We also can check if there were any mistakes in the 
experiments. This made us not to make up our labs and we should do it 
carefully and honestly. 

- I agreed. For example, a scientist who thinks of producing medicine to 
cure patients but he is not becoming  rich so he might think of 2009 
influenza virus, then release it in order to sell it the cure expensively. 
Therefore, students should be instructed about this. 

- I agreed.  If all of Mahidol Wittayanusorn Schools’ smart students, who are 
going to be future scientists or leaders, are without ethics it can be like a 
time bomb. If they don’t think ethically, there would be harm. So they 
should do good because if they don’t do good, they can ruin our world. 

 
  When asked if there would be a course of having students understands the 
concepts and principles of ethics in science for all science students, what would they think it 
should be? Should it be taught in incorporated in a general science course or in an 
additional course? Here are some of their perspectives: 
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- It can be incorporated in all science subjects, but it should be in general 
science class for all students. As for an additional class, some students 
would be not able to take it. 

- All students already knew about ethics. If it’s in a general science class, it 
will make us know what ethics in science is. 

- Both, to make it clearer, in a general science class, this can be 
incorporated in any of the topics involved. In an additional class, just focus 
on ethics in science. 

- It should be taught separately in an additional class in order to have 
enough time to learn. 

- It should be taught in a regular science class because, for example, when 
we do labs, we would not to do it ethically wrong, such as no making up 
data. 

- It was not supposed to be incorporated in science class (time limited) or 
additional class (some students would (not) be able to take it). It should be 
a regular subject for all. 

- Both, start from a regular science class first, then, anyone who is 
interested in it could attend the additional class later. Case studies should 
be provided more. 

- Both. In regular science class, time is limited. In an additional science 
class, there might be not many students to take that class. So, it should be 
separated in order to have students fully learn and more understandably. 

- It should be incorporated in a regular science class because it doesn’t 
waste time and also can be used in labs which ethics is really needed. 
Plus, the teacher can evaluate students. For an additional science class, 
students would probably not be interested in it because of small the 
number of credits provided for an additional course. 

- It should be incorporated in a regular science class but not be scored as 
part of sub exam. Science club would be better for this. 

- It should be incorporated in a regular science class because study in a 
regular class helped more to restate and accumulate the knowledge. 

- Incorporation in a regular class would be better because some students 
would take the additional class by following their friends. 
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4. The results of the fourth objective: to evaluate the effectiveness of a 
learning approach of ethics in science classroom 

  Based on the interview, when asked to describe how they think whether 
learning ethics in science class with the combination of face to face and web-based 
learning is appropriate.  Some of their responses were: 

- It was appropriate, both face-to-face and web based-learning. 
- In case of the website, we could go study more at any time when we need 

it. 
- Sometimes, class time was not enough. Time is limited. There would be 

more time to study when it comes to a website. 
- It was appropriate. Class time was not enough and also too much content. 

We could learn more when we have a website. 
- As for a website, there should be more case studies, more interviews on 

important scientists, more beautiful and attractive pictures. 
- A website was good. There would be more time to learn it and also be 

brave to share ideas in the website. 
- Face-to-face learning would be better. It could probably be both. Anyway, I 

would prefer face-to face learning. 
 
  When asked to describe how they think about the website corporately used in 
the chemistry class this semester, the responses from students are as follows; 

- Very appropriate, there were several ethical things to learn, such as 
examples and cartoons which were enough. 

- It should be updated more often. 
- There should be more new videos. 
- There should be more media. 
- It was appropriate but font should be bigger, font and background color 

should be more attractive. 
- There should be science news and also a web board.  
- It was good but should have more lovely pictures to attract attention. 
- There should be case studies and also big name (important/renowned 

scientists) interviews 
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  When asked students to comment on what this course should improve or 
develop in order to have more effective chemistry class with ethics incorporated, here are 
some of their comments; 

- It should be more fun and interesting, for example, more videos and 
cartoons. 

- It was appropriate but still in a narrow group of students. One who never 
learns will never know about it so it should be spread out to all general 
science classes and should be presented in the morning activity in front of 
the flag in order to show it’s important. 

- There should be a stage drama with an ethics focus. 
- There should be more stories to read, and more attractive. 
- It should be more distinguished, highlighted. 
- It should include the issue of a country with not enough food. 
- There should be a debate or role play in front of the flag in the morning. 

 
  In summary, the majority of both the students and teachers believe that ethics 
should be taught in schools. The findings give clear indications as to the improvements in 
the student’s ethical understanding. Improvements in student thinking skills and 
communicative skills can also be seen. Teachers should be made aware of the findings and 
take advantage to this at all grade levels. 

 
 
 



CHAPTER 5 
  CONCLUSIONS, DISCUSSIONS AND RECOMMENDATIONS 

 
 This chapter summarizes and discusses the findings of the study, offers practical 
recommendations for using principle-based learning and hybrid learning as a learning 
method and a tool for learning ethics in science, and makes recommendations for further 
investigations related to learning ethics in science classrooms for both science schools and 
general or non-science schools. 
 
Phase I: A survey of teachers and students’ opinions on learning ethics in 
Science in Thailand 
 
Objectives 
 This phase of the research aimed to explore teachers’ and students’ opinions on 
learning ethics in science in Thailand in order to be used as preliminary results for the 
second phase of the research.  There are three main objectives as follows: 
 1. To find the school’s general learning in ethics 
 2. To find the respondents’ ethics learning in the science classroom 
 3. To find the respondents’ opinion on learning ethics in the science classroom 
 
Research methodology 
 In the first phase of the study, data were collected during the second semester of 
the 2008 academic year from science students and teachers at both Mahidol Wittayanusorn 
School and 12 Princess Chulabhorn’s Colleges.  Quantitative data were collected using a 
researcher-designed survey.  Questions used on the survey corresponded to the three 
primary research objectives.  Open-ended questions provided qualitative data to clarify and 
enrich the quantitative results. 
 
Conclusions 
 The preliminary research showed that 37.9 percent of students rated their level of 
understanding of ethics in science as high or very high.  In addition, 66.3 percent stated 
that they are interested in studying ethics in science.  More importantly, that ethics in 
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science is important for science students was rated high or very high by 92.7 percent.  A 
total of 61.2 percent of teachers and 55.1 percent of students indicated that scientific ethics 
should be taught for science students by incorporating its’ principles into a regular science 
class, rather than as an elective class.  Students’ thinking skills and communicative skills 
should be promoted.  Additionally, 62.6 percent of teachers and 64.6 percent of students 
thought that hybrid learning, the combination of face-to-face and web-based learning, can 
be an appropriate pedagogical method of learning ethics in science. 
 
Phase II: The incorporation of principle-based learning of ethics into a 
science classroom 
 
Objectives 
 This phase of the research aimed to answer the following four main objectives: 

1. To promote, develop and assess students’ understanding of key ethical issues, 
concepts and principles in science. 

2. To promote, develop and assess students’ analytical, creative, practical and 
ethical thinking skills along with communicative skills in learning ethics in 
science. 

3. To determine students’ opinions on learning ethics in a science classroom. 
4. To evaluate the effectiveness of a learning approach of ethics in science 

classroom. 
 
Research methodology 

 This study is a mixed method research (Creswell.  2005). A pre-and post-test, 
questionnaires and group interviews were used to gather data.  The sample group was 24 
(9 females and 15 males) of grade 10 science students from Mahidol Wittayanusorn 
School, in the first semester of the 2008 academic year, in Thailand.  Students’ 
understanding on ethics in science, thinking skills, and communicative skills were assessed.   
Hybrid instruction was also evaluated. 
 
Conclusions 
 In the second phase of the study, it was found that students’ understanding were 
increasingly promoted and developed as well as their thinking and communicative skills. 
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Students had positive opinions on learning ethics in science.  In addition, students reported 
that they were satisfied with the hybrid learning they experienced, even though some 
improvement is needed. 
 
Discussion 
 
Phase I: A survey of teachers and students’ opinions on learning ethics in a science 
classroom 
 All of research objectives are discussed as shown below. 
 Most of teachers and students agreed that scientific ethics is very important and 
should be taught for science students.  This is corresponded to the idea of Jeffrey Kovac 
(1996: Online) who stated “My own experience is that the teaching of scientific ethics is 
valuable and rewarding for both faculty and students.” 
 Interestingly, when the researcher asked students about their understanding of 
ethics in science in a survey, most of them seemed to understand it, but from the pretest 
in the main study, it showed that most of students do not know it very well.  It seemed like 
they did not even know the principles of ethical conduct in science.  After they learned 
ethics in science, it was found that their understanding was much better than before.  This 
can be seen from the mean score of the test they had taken.  The pretest mean score was 
6.2 (S.D = 1.81) and the posttest mean score was 13.0 (S.D = 1.55).  This obviously 
showed that they understood the ethics in science better than before. 
 As discussed in chapter two there is some research on the teaching of ethics in 
science classroom.  However, despite these claimed advantages to the use of teaching 
ethics in science, this pedagogical technique is not widely used among science teachers 
and research on this approach has been minimal. 
 The results of the present study corresponded to the majority opinion that learning 
ethics in science should be taught by incorporating into a general science classroom, rather 
than an additional class.  In fact, this finding is interesting but there are some factors that 
need to be considered such as the objectives of teaching, class time, the correspondent of 
the content and the ethical issues relevant and so forth.  From my teaching experiences as 
a chemistry teacher at Mahidol Wittayanusorn School, this research found that class time 
was hardly enough for the general chemistry content so the pedagogical method of learning 
ethics in science emphasizing on thinking skills and communicative skills, which is time-
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consuming, would probably not work as well as expected.  The possible solution for that 
could be in a class with a specific science and ethics focus.  That method would help 
students learn and practice better on thinking skills and communicative skill through several 
different activities.  This also corresponded to the ideas of other scholars or educators from 
literature reviews.  As for other general school with proper content, it would work best by 
incorporating ethics into the science classroom.  It would be a challenge for the researcher 
to try to implement the results obtained in the survey into a regular science classroom at 
Mahidol Wittayanusorn School. 
 As a result, hybrid learning would be an appropriate pedagogical method of 
learning ethics.  This researcher agreed with this because every student at Mahidol 
Wittayanusorn School is supported with laptop computer and can easily gain access to the 
internet system.  Therefore, it would be helpful for them to learn effectively by using this 
method of learning.  However, for other schools, context and appropriateness of the school 
needs to be considered in implementing hybrid learning. 
 In summary, the results from this phase of study were fruitful for analyzing and 
implementing in the second phase of the study, in regards to the classroom’s context.  
According to the time limitations, not all of obtained results could be used in the second 
phase.  The rest could be used to further conduct future research or help the researchers 
analyze data more deeply in all details. 
 
Phase II: The incorporation of principle-based learning of ethics into a science 
classroom 

1. Discussion on research objectives 
All of research objectives are discussed as follows: 
Objective 1: To promote, develop and assess students’ understanding of key 

ethical concepts and principles in science. 
According to the questionnaire of students’ opinion on ethics in science that 

students took at the very beginning of the semester, before they learned with principle-
based hybrid learning of ethics in science, students responded to a statement “I understand 
ethics in science well”.  A mean of 3.54 (S.D. = 0.78) which they agreed in the agree level 
which is a moderate level was obtained.  However, when they were observed in class 
activities, it seemed that they did not understand all principles well as they thought.  For 
instance, the principle of credit, students were assigned to find out the answers on the 
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questions in a worksheet without being told that they had to cite or put the resources of 
answered information (if any).  The questions are 1) why does the electron have to move 
around the nucleus? Why does it not lose energy moving around it? 2) Do electrons ever 
"fall" into the nucleus of an atom? From the submitted worksheet, it was seen that there 
were only two students who correctly cited the resources of the information they obtained.  
Five students made the wrong citations.  The rest of them didn’t cite at all.  Then, it was 
suggested by the researcher to cite the resources, and also they were provided with two 
examples of proper citations, both in Thai and English.  The Thai example of the description 
on plagiarism with citations was from a trusted source which was Stang Library website 
available at http://stanglibrary.wordpress.com/tag/plagiarism/.  The English example was 
brought from the Online Ethics Center for Engineering available at http://www.onlineethics.org.   
The second assignment on the investigation of quarks, more students made the citations, but 
still improper form.  On the third assignment, it was found that most of students could do 
better citations. 

After learning ethics in science, the mean score was higher with 4.33 (S.D. = 
0.7) which showed that their understanding on ethics in science, namely key ethical, 
concepts and principles in science, was better.  Furthermore, it can be seen from the test 
of understanding ethics in science which the pretest score was quite low with the mean of 
6.21 compared to the post test mean score of 13.0.  This also can be evidence that the 
students’ understanding on ethics in science was higher. 

In this study, all principles were generally applied into class in different ways 
and did not go in depth in all principles according to the time and content limitations.   More 
details on how these principles were incorporated to the classroom activities are provided 
below. 
   1. Honesty: Students learned about this principle through three main case 
studies which are: the case of Hwang Woo Suk, a Korean scientist who demonstrated 
misconduct in embryonic stem cell research, the case study of Victor Ninov’s discover of 
element 118, a case of alleged data fabrication at Lawrence Berkeley National Laboratory 
(LBNL) California, USA and last the case of Millikan’s oil drop experiment.  In the case 
studies, the students were required to answer and share their views on the questionable 
issues they received.  Students also learned the principle of honesty through lab reports 
and experiments.  According to the activity they were involved with, it helped them learn 
that they should not fabricate, falsify, or misrepresent data or results.  They should be 
objective, unbiased, and trustful in all aspects of the research process.  Since this is the 
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most important principle, therefore close attention should be paid to it in the classroom. 
   2. Carefulness: The main activities involving this principle were labs and 
final lab exams in which all students had to do experiments.  They generally had to be very 
careful in doing experiments to avoid all kinds of errors and also to save chemicals and 
time.  That means that they had to make careful plans with their peers before doing 
experiments.  More importantly, students learned to be careful for their safety because they 
used some hazardous chemicals in the labs.  According to the activity they were involved 
with, it helped them learn that they needed avoid errors in research, especially in 
presenting results.  They should minimize experimental, methodological, and human errors 
and avoid self-deception, bias, and any conflict of interest. 
   3. Openness: Students mostly learned and practiced this principle through 
experiments and case study presentations when they had to work in group cooperatively. 
They had to work together by sharing their ideas or viewpoints with open-mindedness.  In 
fact, not only in their group, but they also had to do so with the rest of the classroom.  To 
be open to criticism from other classmates or teachers, openness is very important to think 
about.  Therefore, they learned from the classroom that they should share data, results, 
methods, ideas, techniques, and tools.  In addition, they should allow other scientists to 
review their work and be open to criticism and new ideas. 
   4. Freedom: Students learned that they should be free to do research or 
science projects.  Students applied this idea to another class, Scientific Inquiry and the 
Nature of Science (SINOS) taught by the researcher, by choosing the topics on their 
science mini project.  From this activity, students were allowed to pursue new ideas on 
doing a mini project, actually, not only a science mini project, but also Math, psychology 
and so on.  They were totally free to conduct a project on what they really wanted to do.  
As for the chemistry classroom they were taught, the case studies of Hwang Woo Suk and 
Dr. Art-Ong Jumsai Na Ayudhya that could help them see the advantages and 
disadvantages of freedom.  From what they learned in the classroom, they would recognize 
that they should be free to conduct research on any problem or hypothesis.  They should 
be allowed to pursue new ideas and criticize old ones. 
   5. Credit: This is also one of the most important principles for students to 
be concerned with today.  They should understand and be aware of, especially, plagiarism 
giving credit appropriately which is really a new idea for them to learn.  Mostly, they haven’t 
known before what it is and how important it is. So, in the classroom, this principle was 
included in assignments as also, discussed earlier.  This principle must be highly 
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incorporated in the classroom because most of students didn’t well understand citations.   
They need to know and be concerned that credit should be given where credit is due but 
not given when it is not due. 
   6. Education: In the classroom, they learned this principle through the 
“ethics before class” for instance, Albert Arnold “Al” Gore, Jr., served as the 45th Vice 
President of the United States, under President Bill Clinton. He is a well-known 
environmental activist who has received an award of the Nobel Peace Prize (joint award 
with the Intergovernmental Panel on Climate Change in 2007).  He also starred in the 2006 
documentary An Inconvenient Truth, which won an Academy Award for Best Documentary 
in 2007 and wrote the book An Inconvenient Truth: The Planetary Emergency of Global 
Warming and What We Can Do About It, which won a Grammy Award for Best Spoken 
Word Album in 2009.  Also from the case study of Dr. Art-Ong Jumsai Na Ayudhya who 
participated in NASA's Viking Space Project in the design of the automatic landing device 
and he expertise in the National Research Council on rockets for use in the Artificial Rain 
Making Project.  He is currently a director of the Institute of Sathya Sai Education, Thailand 
and also a Chief Administrator of the Sathya Sai School, Thailand.  He is an Official Trainer 
of Teachers for the Ministry of Education in Human Values Education who has been 
working on training of teachers in Human Values Education around Thailand, and in many 
other countries as well.  This example helped students eventually learn that they should 
educate prospective scientists and insure that they learn how to conduct science properly.  
Additionally, scientists should educate and inform the public about science as Dr. Art-Ong 
Jumsai Na Ayudhya has been doing. 
   7. Social responsibility: Students learned this principle through case 
studies, such as Hwang Woo Suk and Dr. Art-Ong Jumsai Na Ayudhya’s cases.  In case of 
Hwang Woo Suk, they were supposed to know that they should avoid causing harm to 
society or other people in the society.  On the other hand, in case of Dr. Art-Ong Jumsai 
Na Ayudhya, students should learn that they should attempt to produce social benefits like 
what Dr. Art-Ong Jumsai Na Ayudhya or other scientists have been trying to.  Furthermore, 
they should also be responsible for the consequences of their research and they should 
inform the public about those consequences.  It was obvious that this principle is very 
important, especially when Hwang’s case was introduced to the lesson.  Students could 
remember and understand this principle very well.  For example, a female student who 
learned in the class of ethics in science was asked a question on the stage of the the 
Noppamas Queen contest on Loy Krathong Day.  She told the researcher, one of the 

http://en.wikipedia.org/wiki/List_of_Nobel_Peace_Prize_Laureates#Laureates
http://en.wikipedia.org/wiki/An_Inconvenient_Truth
http://en.wikipedia.org/wiki/Grammy_Award_for_Best_Spoken_Word_Album
http://en.wikipedia.org/wiki/Grammy_Award_for_Best_Spoken_Word_Album
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judges, after she finished the contest that she used the idea of Hwang Woo Suk’s 
misconduct in social responsibility principle to answer the question.  Her answer was very 
impressive and that made her receive the third runner up award. 
   8. Legality: The case of Hwang Woo Suk obviously showed the concept of 
this principle stated in the process of research, scientists should obey the laws pertaining to 
their work.  Since Hwang did not obey the laws so that he was caught and also was 
dropped from Scientific American 50 for faking research.  This is the most popular case for 
students to recognize about the bad consequence of being illegal in research, and also in 
classroom. 
   9. Opportunity:  Students also learned about this principle through a case 
study of Jan Hendrik Schön: World Class Physics Fraud at Bell Labs in New Jersey that he 
used an opportunity in a wrong and unethical way.  Also, students themselves at this 
school were always cultivated by teachers to keep in mind that they have more opportunity 
than other students in general school in terms of scholarship, scientific resources and tools 
such as chemicals and cutting-edge scientific tools available in this school and so forth.   
Therefore, they should be aware of social responsibility, using resources efficiently, 
educating other people and trying to inform the public about science as much as they can.  
More importantly, to lead the nation to be a developed country and also to help Thai 
citizens have a higher quality of life.  Students were introduced to the concept that 
scientists should not be unfairly denied the opportunity to use scientific resources or 
advance in the scientific profession.  They should be able to apply this concept to their 
profession in the future. 
   10. Mutual respect: Students also learned this principle through a case 
study of Jan Hendrik Schön.  They learned to respect each other when they discussed or 
brainstormed issues or questions related to the case before giving a presentation.  Also, 
through lab reports, which is group work, and they had to respect their friends’ ideas.  This 
principle could work well with the principle of openness, also the principle of honesty.  It is 
crucial to be honest with yourself and then to the others in group working.  In the 
classroom, students were encouraged to treat their colleagues with respect in doing 
experiments and all kinds of activity they have done together.  This would help them not 
ruin other friends’ rights or integrity.  Therefore, the principle of respect for subjects could 
be used together with the principle of mutual respect. 
   11. Efficiency: Students learned this principle through experiment in labs 
with the concept that scientists should use resources efficiently.  At first, when students did 
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an experiment, shared chemicals always fell on table floor with no one taking care of that.  
Mostly, students cleaned up when the experiment had done already, not in between.  There 
were a few students who were always taking care of cleaning chemicals during the 
experiment.  The researcher had to tell them about safety in labs, for example, magnesium 
power can automatically ignite in the air.  Also, the cost of chemicals needed to be a 
concern.  The efficiency also included the instruments used in labs, to minimize the 
glassware, such as beakers, volumetric flasks and so on.  This would lead them to think 
about the minimization of water for cleaning the glassware.  Sometimes, they used too 
much chemicals in the trial and errors without making plan.  They were also concerned 
about make plans before doing labs and this also corresponded to the principle of 
carefulness.  Teachers can incorporate other principles related to the current principle they 
teach. It is all about connection. 
   12. Respect for subjects: Students learned this principle through all 
activities they had to work on in groups in the classroom.  They learned that scientists 
should not violate rights or dignity when using human subjects in experiments.  Scientists 
should treat non-human, animal subjects with appropriate respect and care when using 
them in experiments.  Also, they could also learn for themselves in the website provided 
with several articles on using animals in labs.   Furthermore, they learned from their biology 
class, mainly animal subjects, and not human subjects.  In the case of respect of human 
subjects, in an interview made in their classroom as a part of this research, the principle of 
respect for subjects was needed.  The researcher had to ask for permission from students, 
participants as human subjects, which is called “informed consent”. That’s what the 
students learned in this case.  In fact, there are more key tenets of the code of conduct on 
using human subjects, the Nuremburg Code (1949), which could be taught if time allows. 
For example, social values, scientific validity, nonmalificence, termination, privacy, 
vulnerable populations, fairness and monitoring.  As for animal subjects, there was a 
drawing competition on using animals in science research (See Appendix F), hosted by 
Office of the National Research Council of Thailand (NRCT).  To have students participate 
and understand this principle better, they were encouraged to go for the competition.  There 
were two students engaged in this event.  One of them received a reward.  Actually, they 
prepared themselves in a short period of time with some available friends and teachers’ 
suggestions.  This also helped them to realize and understand on the principle of respect 
for subjects quite well.  In 2004, Kempton also presented an article that examines how 
cartoons and paintings could be used to teach and assess the understanding of ethical 
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issues in science.  
  In this study, using case studies in order to help students understand ethical 
concepts and principles in science in the science classroom was successful.  As Barden 
et.al (1997) discussed the importance of using case method in teaching scientific ethics in a 
high school which ethical issues are raised in the context of realistic situations. It was 
concluded that the case method is an effective technique for discussing scientific ethics 
with high school students.  Also, case studies make excellent starting points for ethical 
discussions and can be found in textbooks, on specialized websites, or can be taken 
directly from the news (Chowning.  2005: Online).  The case studies used in this study 
were mostly taken from the news in the websites.  
  According to a group interview, one student raised an important issue that 
even when they understood the principle of ethics in science, but sometimes teachers 
always give the priority to the results first.  They stated that was the reason why they 
sometimes had to violate the principle of honesty.  Therefore, teachers may have to look 
back at themselves and consider whether what the students said is correct. 
  When all things are considered, students’ understanding is better, it is necessary 
to be taught continually as students agreed in the interview that only their class was able to 
learn by this method and there will probably be no more of this type of learning for their 
classes in next semester.  This also indicated that teaching ethics in senior high school 
helps students recognize, sharpen, and refine the ability of understanding on moral 
concepts and principles (Onlineethics.  2006: Online; & Gosling; & Musschenga.  1985). 
 
  Objective 2: To develop and assess students’ analytical, creative, practical 
thinking skills along with communicative skills in learning ethics in science. 
  Each thinking skill is discussed as follows: 

1. Analytical thinking skills 
This skill was mainly considered by using case studies. For instance, the 

first case study presentation, Millikan’s oil drop experiment, was conducted in the evening, 
and the second case study consisted of Victor Ninov, Dr. Art-Ong Jumsai Na Ayudhya, 
Hwang Woo Suk, and Jan Hendrik Schön which were presented in chemistry class.  All 
principles could be used to describe in the case studies.  There is no one principle 
corresponding to each case study, for example, Hwang Woo Suk’s case, the principles of 
honesty, carefulness, openness, credit, mutual respect, respect for subjects, legality, and 
social responsibility were able utilized.  As for interviews, both of the two group interviews 
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were performed in the evening (approximately one hour and a half per group).  It was a 
hard time for them to respond the interviews.  Some of them seemed to stay focused on it; 
also the interview was not conducted as soon as they finished the lesson because there 
were some other instruments that need to be measured.  Then, before the interviews, the 
researcher had to summarize and show them what they had learned in this course.  This 
may have helped them recognize about that they have learned for an entire semester and 
to make sure that they would not forget and would respond well in the interview. 

Ethics before class was another method of enhancing students on 
analytical thinking by using power point presentations to show them examples of related 
topics of ethics.  This was basically used to discuss before getting started on the lesson. 
For example, the ethics of efficiency; a picture of hunger children from “2008 in photos: 10 
biggest science stories of food crisis” were shown to students to stimulate them to think 
about the reduction of the use of chemicals or lab tools they used in the experiments (See 
Appendix I). 

As stated earlier, a discussion on the principle of social responsibility was 
conducted.  It is also an interesting example of students’ analytical thinking skill from a 
student who learned in this classroom was that a girl who attended the Noppamas Queen 
contest held at school on Loy Krathong Day.  This was a good example of students’ 
analytical thinking that could be applied to their daily life. 

As for the interview, most of students showed in their opinions that they 
were promoted to think analytically.  For instance, as they said “It was good.  It made us 
analyze better.  We can analyze whether an experiment should be conducted by taking 
ethics in science for granted.  For example, taking chemicals to animals, we had to think 
whether it’s good or not” and “The case study helped much on analytical thinking skill.” 
Additionally, Lewis (1986) pointed out that the learning process will be more effective the 
more closely students can be identified with the problems themselves.  An ethical problem, 
which will always promote considerable discussion, which is a part of communication, is the 
issue of experiments on animals that makes the problem real and personal.  This is 
corresponds to the principle of respect for subjects used in the study and also in the activity 
of the drawing competition on using animals in science research and case study of Hwang 
Woo Suk on cloning and embryonic stem cell research. This made the experience real and 
personal for the students’ aspects of ethical concepts.  

In conclusion, students were better able to analyze though the different 
case studies.  This is consistent with the ideas of Barbour (1985) that the teaching objective 
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of discussing the ethical questions to encourage the recognition of ethical issues and the 
ability to analyze them better.  Furthermore, in order to avoid indoctrination it is helpful to 
examine diverse views in particular cases in which scientists have confronted moral 
dilemmas on the job or in their public activities. 

2. Creative thinking skill 
For this skill, ethics quotes, case study presentations, and drawing were 

used for discussions.  Students were always presented with an ethics quote before class, 
which was created by former students who took a class of scientific ethics and also from 
renowned scientists and scholars.  Then students had to have their own ethics quote at the 
end of semester.  They had to think creatively and that helped them communicate by 
writing better.  From the researcher’s point of view, the students’ ethics quotes were 
impressive.  Interestingly, one student said that he did brainstorm with his father to get “the 
word of blessing” which is also good to have him communicated and acquired guidance 
from parents. 

Creative thinking skill can also be seen from the case study presentations, 
when students tried to give a presentation creatively.  For example, there were some 
groups that did role playing for their presentation.  Other groups also have their own ideas 
to present differently.  As discussed on the principle of respect for subjects, drawings on 
animal subjects used in the scientific research also helped students to think creatively. 

From the interview, students also agreed that this classroom help them to 
think creatively.  As they said “This was a very good help.  In case study presentation, we 
had to think about how to design the power point presentation in order to get friends 
attracted” and “The painting contest on animal subjects that our friends attended brought art 
and science together which help greatly in creative thinking.”  

Creative thinking skills can be enhanced by teachers in the science 
classroom in some other ways, such as debate, stage drama and so on. 

3. Practical thinking skill 
   The results from TABLE 13, it showed the means of practical thinking skill.   
The means for the principles of honesty, carefulness, openness, freedom, credit, education, 
social responsibility, legality, opportunity, mutual respect, efficiency, and respect for 
subjects before the study of ethics in science were 4.04, 3.73, 3.90, 4.01, 3.03, 3.76, 4.16, 
4.21, 4.36, 4.15, 4.00, and 4.19, respectively.  The means for the principles of honesty, 
carefulness, openness, freedom, credit, education, social responsibility, legality, opportunity, 
mutual respect, efficiency, and respect for subjects after the study of ethics in science were 
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4.10, 4.11, 4.37, 4.57, 3.04, 4.40, 4.48, 4.54, 4.59, 4.53, 4.21, and 4.61, respectively.  From 
all means of the principles, it showed that the means of all principles after the study ethics 
in science were higher than before.  This indicated that the ability of students to think 
practically was better. 
   According to the interviews, students’ opinions indicated that they were 
promoted and developed their practical thinking skills.  As they said, for example, “This 
helped a lot.  When we knew ethics in science, eventually we utilized it in the experiments 
like we use chemicals efficiently and not played in labs.”, “This really helped.  Like in labs, 
when we made something wrong and we had to repeat it. This made us more careful” and 
“This helped us write the references or citations more accurately”.  Students could be able 
to take the concepts they learned into action.  In fact, there might be more ways for 
students to practice ethically.  

4. Communicative thinking skill 
   Communicative skills were observed from case studies presentation and 
interviews.  The ability of students to tolerate and deal effectively with ethical ambiguity and 
to reduce disagreement or conflicts which is more likely to happen in the collaborative 
group discussion/activities of the ethical principles in science.  They must also deal with 
empathy; being able to express their feelings and ideas on issues, listen to and respect 
others ideas; the ability to paraphrase another’s point of view, the capacity to connect with 
another person’s opinion, and feel able to disagree without fear of reproach and the ability 
to accept and judge another’s point of view fairly (fairness).  These communicative skills 
(both verbal and non-verbal communication) are necessary.  Typically, there was not 
enough time in classroom to discuss because of the limitation of too much content.  
Therefore, students shared their ideas outside the classroom.  What the researcher 
observed was that when they presented their assignment or oral presentations they could 
communicate very well with confidence and fluency. 
   From the interviews, according to the responses from students, for 
example, “We got this skill from working as a group and also from giving a presentation of 
the case study” and “Presentation on case study, group working and brainstorming helps in 
promoting this skill.”  This indicated that they were promoted to communicative skill.  In the 
real world, social intelligence is very important.  According to Peter Thomson, today he is 
regarded as one of the world’s leading strategist on personal and business growth.  Skill in 
communication is what allowed him to get where he is today. It’s the most powerful, life-
changing skill anyone can learn.  That’s why he teaches the secrets of the world’s greatest 
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communicators.  Therefore, this skill should be further promoted and developed. 
   In conclusion, the results indicated that students realized the ethical 
concepts and principles by using analytical thinking skills and communicative skills which is 
consistent with the ideas of Gosling and Musschenga (1985). 
 
  Objective 3: To determine students’ opinion on learning ethics in a science 
classroom. 
  From the questionnaire students took before and after studying ethics in 
science, it was found that all statements were agreed to by students at a high level.  There 
was only one statement where the mean after studying was lower than before, but just a 
little difference (from 4.67 (0.56) to 4.63 (S.D = 0.58)).  That statement was “Ethical 
scientist will help society be prosperous, livable and make everyone live together happily.”  
The mean of before and after studying ethics in science was quite high and the difference 
of the means was quite small.  There were two statements where the means have a large 
difference (> 0.50), for example, statement 3 which was “I’m interested in and curious about 
how I will be a good scientist.” The means are 3.71 (S.D = 0.81) and 4.38 (S.D = 0.71), 
respectively.  Another statement was “study of behaviors and characteristics of ethical 
scientist is interesting.” With the means of 3.75 (S.D = 0.61) and 4.42 (S.D =0.58), 
respectively.  However, students’ opinions on ethics in science or learning ethics in science 
will be more meaningful if they could put their opinions and beliefs into action, also known 
as  practical thinking skills in this study.  This is the ultimate goal of moral education in 
views of Frazer and Kornhauser (1986) and one way of doing this is through community 
service out of school.  All students at Mahidol Wittayanusorn School are familiar with 
community services as it is a part of the curricula.  
  From the interviews, most of students thought that it is a great idea to bring 
ethics into a science classroom.  Because it is crucial to know about the scientist behaviors 
and misconduct as they found in the case study, Hwang Woo Suk.  Students suggested 
that this type of learning should be available for students in other classes to learn as same 
as they had.  Additionally, it should be continually taught.  This is true, because if this 
learning method will not be further used the students will probably not recognize the ethical 
issues or principles they have learned.  Since the study of ethics principles need time to be 
cultivated, therefore, longitudinal teaching should be provided. 
  Students also gave some suggestions on the improvement of effective 
chemistry class with ethics incorporated.  Here is an interesting example; “It was 
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appropriate but still in a narrow group of students.  One who never learns will never know 
about it so it should be spread out to all general science classes and should be presented 
in the morning activity in front of the flag in order to show it’s important.”  This showed that 
students see the importance of learning ethics in science and they also wanted to learn 
more.  Additionally, they wanted other students to have the opportunity to learn about 
ethics.  Therefore, teachers should think about this issue too. 
  After finishing the collecting of data, the researcher, as a teacher at this 
school, had a chance to open a new course of “scientific ethics” as an additional course for 
25 students.  Actually more students wanted to learn but classroom size was limited.  This 
reflects an opinion that a student gave in the interview that teaching ethics in an additional 
class is not available for all students to take.  This issue should be considered to expand 
the number of students to study. 
  To summarize, from the students’ opinions and a survey study, it 
demonstrated that learning ethics in science is very important and it should be included in 
all general science classrooms by including it in science curricula for all science students.  
This is similar to the study of Lysaght, Rosenberger and Kerridge (2006) which found that 
undergraduate biotechnology students generally regard ethics education to be important 
and that ethics should be included in undergraduate biotechnology curricula.  
 
  Objective 4: To evaluate the effectiveness of a hybrid learning of ethics in 
science classroom. 
  According to the interviews, the effectiveness of a learning approach, hybrid 
learning, is satisfactory with students.  A few suggestions were made by students with the 
following discussion; 
  A website used in this study should be more often updated.  It seems not to be 
up-to-dated.  There should be an ethics quote every day that appears on the web page, but it 
doesn’t because there were some problems occurring on the that computer creates the 
website, one of the major problems is a computer virus.  Also, some students wanted to have 
more ethics news and journals in the website, in the ethics media part, even which seems to 
be enough with example of news and links.  The intention of the researcher is to have the 
students study more themselves on whatever they want to know.  So the media on the web 
are just the important examples.  Another issue is the color and appearance should be more 
attractive and less childish.  This can be done by working cooperatively with a professional 
web creator.  This website was created by someone with less experience in web design.  Just 
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following to the workshop of web design hosted by department of computer science which is 
three part workshop.  This website was created by the researcher himself working for almost 
two months to finish it with a number of problems along the way.  In fact, it must be more 
professional than childish regarding to students’ preference because it is on the department 
website and available to all visitors.  However, the websites of other teachers in school are 
almost at the same level in the quality because all of the science teachers have limitation on 
web designing. 
  If hybrid learning was used to study, regardless of other variables, with 
adequate time and research members, the effectiveness of the hybrid learning might be 
assessed by another reliable and appropriate instrument.  Not just by students’ opinions 
from the interviews as appears in this research.  This would probably obtain better results 
for the evaluation of the effectiveness of hybrid learning in scientific ethics classroom. 
  As for face-to-face learning, classroom atmosphere, (See APPENDIX  E) was 
one of factors that helped enhance and motivate students to be aware of ethics in science.  
Therefore, the  researcher set up, not only classroom atmosphere, but also the office 
atmosphere with pictures, posters of animal research and students assignments such as 
ethics calendar, games, a code of conduct research book, and so on. 
  The results of the effectiveness of using hybrid learning showed that the 
students were satisfied with this type of learning.  This can be a starting point to further 
develop the hybrid learning to become a better learning method for students that will also 
help teachers increase student learning opportunities beyond the school day and school 
year (Pape.  2006). 
  Learning ethics is a long-term process.  In this study, it was conducted in only 
one semester by using principle-based learning of ethics in science that was considered by 
the researcher based on the findings that it was an effective method.  Chowning (2005: 
Online) addressed that principle-based ethics provides a familiar form of reasoning for 
students and are concrete for teachers as well.  The researcher hopes that this study would 
help students appreciate the learning of ethics in science.  It is assumed that students 
already have moral imagination, therefore, the main aim is to stimulate and bring it from 
inside out, not to implant it (Jumsai.  2003; & Onlineethics.  2006: Online).  Also, as a 
comment of Helen Sayers on Talking Point (2000: Online) that values exist naturally in 
every human being – they just need to be reawakened through providing a supportive 
learning environment, suitable resources, and most importantly, through teachers, parents 
and other adults who act as role models for such values.  One of the critical concerns as 
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Frazer and Kornhauser (1985) stated is that teaching scientific problems and ethics would 
be appreciated by young minds and convince them irrespective of whether these young 
people are going to be scientists or not.  Whenever such issues are raised, the young 
minds are somehow activated.  Therefore, we should remember that not all students that 
we teach are going to be scientists.  This is consistent with the real situations of students at 
Mahidol Wittayanusorn School and other schools.  Just as those who take science courses 
in schools and colleges who are not going to be scientists do not need to know detailed 
equations of chemistry or physics but they still need to know something about how science 
works and the total implications of science (Frazer; & Kornhauser.  1985).  All of these 
points should be critically considered in the classroom. 
. 

2. Discuss on research procedures 
2.1 Discussion on research instruments 

   First, there should be more research instruments used to gather the data 
in this research as follows; 

2.1.1 Evaluation forms of analytical, creative and practical thinking 
skills which are defined (based on the theory of successful intelligence defended by 
Sternberg, 1997) and can be measurable. Another variable which has not been exactly 
defined is ethical thinking skill, but the researcher would like to add it as a new variable of 
thinking skills in order to study this research and measured it by using the combined 
evaluation form of practical thinking skills.  For better consequences, as for the analytical, 
creative and practical thinking skills, there might be a more reliable measurement used to 
measure individually, instead of only the use of interviews, questionnaires and observations 
as was done in this research.  When it comes to ethical thinking skills, instead of using only 
the rating scale questionnaire and observations as in this research, more research 
instruments should probably used.  A more reliable description should be proposed and 
defended; also its measurement should be created.  When all things are considered, 
especially the time limitation of study, all of these variables were administered as best as 
the researcher could do.  All of considered evaluation forms of thinking skills, observation 
and interviews were used in this research.  There might be more proper instruments 
created to assess these variables if needed regarding to the related conditions. 

2.1.2 The classroom observation form was another instrument that 
would be used.  When the researcher looked at the course syllabus it was found that there 
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was already observation lists to score student’s learning behavior called “affective domain 
evaluation form.”  This evaluation form is used by observing students’ behavior in 
classroom.  The researcher tried to improve it by including all 12 principles of ethics in 
science in the observation lists as they appeared in the course syllabus.  This was one of 
the reasons why the researcher decided to minimize the research instruments by using the 
affective domain evaluation form, rather than the classroom observations.  Another 
important reason was to save time and more importantly, to save the materials used 
especially papers.  From the survey study, there was a student who made a comment on 
the amount of paper used in the survey research.  That pointed out an important issue to 
the researcher to be aware of using materials efficiently which is corresponded to one of 12 
principles of ethics in science, efficiency.  Additionally, this issue can be employed as an 
example for students to think about using chemicals and material in laboratory efficiently.   
On-line survey could be used in order to save paper. 

2.2  Discussion on data collection 
In process of data collection, the following issues are discussed: 
2.2.1 In case study presentations, students were assigned to work in 

groups of three to present their own case study in front of the class.  This activity was done 
two times for the entire semester.  It was normally performed outside the class time, the 
first presentation was conducted in the evening on a Sunday, after some of students 
returned to school from home and the second time was on a free double period for the 
students.  The case study presentation generally took time to share the facts and analyze 
their opinions on cases to their classmates, including a question and answer time.  If this 
activity was conducted in a regular class, it might affect the restricted time of other lessons.  
Therefore, to do so, the limitation of classrooms should be carefully considered.  It would 
be better if the presentations could be rearranged by videotaping in order to interpret data 
more correctly.  In this research, there was only the researcher and students as audiences.  
There might be more teachers and students to be in the presentation room as an audience 
if possible, but it is need to be sure that other teachers and students would be available 
and willing to take part in this activity.  For example, in the first case study presentation, 
which took place on Sunday evening, it was hard to have more teachers to participate.  
Also, in the second presentation, other chemistry teachers had their class to teach.  This 
was a little difficult to administer and deal with the more hardworking people like Mahidol 
Wittayanusorn School personnel.  If this could happen, it would be much better on data 
collection. 
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2.2.2 Regarding of time limitations, the posttest of students’ 
understanding on the issues, concepts and principles of ethics in science, opinions on 
learning ethics in science and the evaluation form of thinking skills were exposed to 
students at the same time.  This can possibly affect to the results of the study.  The data of 
the posttest of students’ understanding on the issues, concepts and principles of ethics in 
science should be separated to collect.  That means that students will be able to have 
more time to consider their opinions on learning ethics in science and the evaluation form 
of thinking skills. 

2.2.3 In this study, classroom observations were performed by the 
researcher only to evaluate students’ affective score by using the affective domain 
evaluation form.  To avoid research bias, it might be better to have more teachers help in 
observing the classroom.  However, the researcher doesn’t expect that the results would be 
greatly different because of the fact that ethical ideas need a long time to be cultivated.  
Furthermore, the researcher just wanted to do what he really set out to do and has always 
tried to do his best, regardless of the outcomes.  However, there should be other teachers 
observe the students’ behavior or ethical aspects in the classroom.  On the other hand, 
they need not to be in the same class with the researcher to observe students’ behavior.  
For instance, in a Scientific Inquiry and Nature of Science (SINOS) class which is the class 
for all grade 10 students to take and it was taught by the researcher as a leader of team 
teaching group.  Students learned how to write their final paper on mini projects by using 
the APA citation style.  There was a group of students who did a great job on applying the 
knowledge they obtained in the SINOS class to their assigned writing in an additional class 
of applied chemistry.  One of two teachers of the applied chemistry class who used to be 
one of SINOS teachers said to the researcher that those students could apply the 
knowledge from SINOS class to her class very well and they were really impressive for 
both the students and SINOS class.  The idea is to have other teachers in different classes 
with our students also take time to observe and evaluate their behaviors.  In fact, this idea 
could be used in this study to observe student’s behavior outside the classroom, rather than 
just inside classroom.  Moreover, it can help assess student’s practical thinking skills as 
well. 

2.2.4 Group interviews were conducted two times with each group of 12 
students for approximately one hour each by the researcher and two assistant teachers.  
Also, regarding of time limitation with condense content, the interviews were performed 
outside the classroom.  It was done in the evening on a Sunday, the same as in the case 
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study presentations.  The first group was interviewed from about 6 p.m. to 7 p.m. and the 
second group was about 7 p.m. to 8 p.m.   From the observations of the researcher, not all 
students answered the interview questions; even though they were encouraged to 
participate.  Possibly, they didn’t focused well on the interviews because the  researcher 
observed that before the meeting time of the interviews, a few students were still in the 
school soccer field playing soccer with their friends.  This could have made them feel tired 
and hungry.  After the interviews were completed, the researcher found that a few of male 
students went to a school convenience store to get food.  This could be one of the reasons 
why they didn’t engage well in the interviews.  There might be some other reason behind 
this, for instance, they are not talkative.  Therefore, if possible, the interviews should be 
performed in the daytime with adequate time.  So that if there is any issue not clearly 
stated in the interviews, there would be more time to collect additional data.  Also, students 
may be more prepared, ready and comfortable to respond in the interviews. This 
unexpectedly occurred but it should be discussed and considered. 
 

3. Discussion on final thoughts 
  According to my final thoughts, this study is very important and innovative 
because it provides a tool for teachers who are searching for ways to incorporate ethics into 
a science classroom for high school students, particularly science students.  What can be 
seen from this study is that though students may say they are not familiar with the ethical 
issues or principles in science, yet these students still see many benefits from learning 
ethics in science.  One of the main benefits students describe is that learning ethics helps 
them get a better understanding in scientific ethics which is very important as a basis for 
science students to aware of.  They also would like other science students to get a chance 
to learn what they have learned on ethics in the science classroom.  It is hoped, introducing 
ethics in science into a classroom helped the students gain a better understanding of 
ethical issues and principles.   Also that the students will be able to perform better as they 
progress through higher levels of science classes and also in their future scientific careers, 
for example, as scientists, the researchers, innovators which are the outcome of the school 
expectation as stated in the Royal Decree for the establishment of the Mahidol 
Wittayanusorn School, B.E.2543 2000. 
  The researcher has learned several things from conducting this study.  First, 
the researcher learned how to conduct this research.  This research study has given the 
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researcher an opportunity to select an interested topic, do a review of literatures, design 
instruments and experiments, pilot the research instruments, find human subjects willing to 
participate in the study, collect and analyze both quantitative and qualitative data, discuss 
the findings, draw conclusions and make recommendations.  As the researcher will soon 
begin his career as a college science education lecturer, the researcher truly believes that 
all of the works the researcher have done on this wonderful study has already prepared the 
researcher to pursue on new research agenda exploring ethics education. 
  Second, the researcher realized the importance of survey study by asking for 
teachers and students’ opinions on learning approach of ethics in science.  They helped the 
researcher a great deal of designing the classroom in the second phase of the research.  
Personally, the researcher thinks it is very crucial to know what other people think and 
express their ideas or opinions on questionable issues.  Like an old saying “Our mind is too 
deep to touch”.  Therefore, their point of view, when they express it, would be useful 
opinions in analyzing and constructing new knowledge. In addition, asking students’ 
perspectives by using an interview is also essential for the researcher to gain their 
understanding and valuable opinions on several topics, for instance, the pedagogical 
approach on learning ethics in a science classroom.  This made the researcher learn how 
to work on group interview effectively. 
  Third, the researcher learned that there are many imperative ways to 
incorporate ethics in science to students, for example, debate on ethical issues.  This can be 
rearranged in both a regular and elective science classroom.  Like what the researcher, as a 
chemistry teacher at MWITS for almost four years, has done after finishing the  collecting of 
data for this study in an elective course called “scientific ethics” which has already included 
in science curricula at Mahidol Wittayanusorn School.  Also this can be done in an 
extracurricular activity such as science club or stage drama.  One more example is that to 
have students involved in ethics in science through a research study.  The researcher 
conducted the research to give a presentation at the gifted conference 2010 in Australia 
entitled “On Being a Scientist: Scientifically Gifted Students’ Perspective in Thailand”.  This 
research focused on students’ perspectives and attitudes towards being ethical scientists 
after reading a well-known book entitled “On Being a Scientist”.  This research was 
administered to 12 grade 11th -12th students at MWITS who are advanced-level English 
students, particularly in reading and comprehension skills.  A focus-group interviews and 
questionnaires were employed to gain students’ perspectives and attitudes towards being 
ethical scientists.   The research findings could support implementation of this approach 
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into both a regular science course and in an additional course of specific ethics focus by 
using scientific novels or an ethics books to enhance the awareness of the students on the 
ethical and responsible conduct in scientific research.  The researcher strongly believes that 
this approach can be offered for use by other equivalent schools in Thailand. 
  Forth, the researcher learned how to get a research paper published 
internationally in all processes of approximately 5 months.  This will lead the researcher to 
keep publishing research papers in a higher impact factor journal.  From the publication of 
research papers in an international journal, this made the researcher realized that we 
always can make our dreams come true, just do it and have no fear of failure, fear of 
nothing indeed. 
  Fifth, the researcher is so proud of himself for getting so many difficult things 
done in this research with strong determination and dedication even though the researcher 
had to take responsibility of both a science teacher and doctoral student working on this 
dissertation.  One of the difficulties the researcher faced is the creation of a website as part 
of hybrid learning with little knowledge of how to do so and the many problems that 
occurred, but finally, it was completed and can be further developed.  Throughout the 
research study, there were many problems the researcher had to confront and overcome.  
This means that it has made the researcher stronger and become more patient. Most 
importantly, the researcher did learn how to tackle those problems effectively.  As Robert 
Bob, a physics educator at Fermi Lab, Illinois, USA said that science requires dedication, not 
perfection.  The researcher can feel this from this research study.  It has been almost 5 
years, from pilot study of the first phase until now, on conducting research.  But there have 
been so many unforgettable lessons the researcher has learned from this wonderful time.  
The most impressive one was the two awards, one of ten outstanding teachers and one of 
ten teachers’ in students’ heart, the researcher acquired during working as school teacher 
and also doctoral student at the same academic year.  Most importantly, the researcher was 
well-known by students and teachers for being an ethicist in the school. 
  Sixth, the researcher has been spreading the knowledge the researcher had 
learned from conducting this research as much as he can.  One of his future plans is to 
provide a workshop on teaching ethics in science for high science school teachers who are 
willing to do the same thing as the researcher has done.  Both pre-service and in-service 
teachers can participate. 
  Seventh, as the researcher drew this study to a close, the researcher strongly 
believes that learning ethics should be started as early as possible in appropriate level of 
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content and other related conditions.  The researcher really likes the ideas of the 
following three comments; 
  
  Most scientists begin their careers by obtaining a doctorate of philosophy (as I did). … 

Scientists need to be trained in ethics, morals and indeed the philosophy of science to make them 
better scientists.  Science without ethics is like learning to drive without the Highway Code!  N.A. 
Gostick, UK 

  All French students, in their last year at Lycee (17-18 years old), are taught philosophy - 
not just morals or ethics which may only represent one view.  This is the place, I think, to study 
the implications of science …  Pascal Jacquemain, UK (French) 

 
  I believe that values exist naturally in every human being - they just need to be re-

awakened through providing a supportive learning environment, suitable resources and, most 
importantly, through teachers, parents and other adults that act as role models for such values. 
Helen Sayers, Switzerland 

 
  From the researcher’s point of view, the most important feature of good 
teachers is to be courageous enough to introduce new and helpful ideas to students as a 
creative leader and good-role model.  Like in French, students at Lycee are taught 
philosophy so the researcher also thinks that at Mahidol Wittayanusorn School students, at 
15-18 years old in age, should be able to learn philosophy and ethics as well.  Therefore 
ethics in science should be integrated into their science classroom.  There is no need to 
wait until they enter to gain university degree because they are studying intensive science, 
mathematics and technology as scientifically gifted students and they will have to deal with 
science issues in their daily life.  That means they are surrounded by science.  Eighth, as a 
science teacher and science educator, it is critical for us to keep in mind that the most 
important part of our obligation is to our students and we have to be sure we examine 
every avenue to help them learn and do science activities ethically.  We are not supposed 
to have them learn only the science subjects, but also values and ethics.  They will not be 
expected to not only be smart people, but also good and ethical people.  These two 
essences will make them pure and be able to provide benefits for humankind.  The 
researcher truly believes that smart people without goodness are nothing.  It is hoped that 
this study and the use of learning ethics in science become one such avenue for fellow 
teachers at Mahidol Wittayanusorn School, the first science school in Thailand and also, for 
teachers at the 12 Princess Chulabhorn Colleges, regional science schools.  More 
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importantly, for all Thai teachers who are actually interested in teaching ethics in science 
for science students at all levels. 
  Ninth, above all, the researcher has learned that we have to be honest to 
ourselves at all processes of research process like a quote of Mary Trump says “Trust in 
God and be true to yourself”.  Honesty is the most important principle of ethics in science, 
as ranked in the survey by science teachers and students. 
  Lastly, above all, this study may not be as perfect as the researcher expected 
it to be, but the researcher has been very pleased that he could conduct a research project 
that he is very interested in.  The researcher has devoted himself to this wonderful 
research and also learned many invaluable things from it.  Especially, how to ethically 
conduct research.   The researcher is so proud of himself to have been honest at all levels 
in the process of this research.  Even though this is not the best research study as 
someone may have expected, but the researcher really wanted to tell them that he has 
done his best. 
 
Limitations of the Study 
 The results of this study are not without its limitations. One limitation to this study 
is that time and condensed content.  There is also a need to improve research instruments 
in a more reliable order to get more accurate results.   It takes time and is not easy to have 
students (grade 10) understand and appreciate ethics/moral issues.  Hopefully, when they 
are grown or get older, they will be able to do more.  This study aimed to introduce ethics 
in science to them early as their high potential in science and also involved in all science 
process would allow.  In this study, the researcher is in charge of a teacher who leads the 
activities in a science classroom. 
 As a result, it may not be easy to generalize these results to all science classes in 
Thailand.  Science teachers at each stage should carefully think about if they would like 
to apply these findings to their classes. 
 
Recommendations 
 There are five major recommendations that should be considered based on the 
findings of this mixed method study.  These recommendations are in the form of: policy 
recommendations, national-level and school-level policy, recommendations for science 
researchers/mentors, recommendations for science teachers, and recommendations for 
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further studies. 
1. Policy recommendations 

1.1 National-level policy recommendation 
   Science curriculum developers and educational policy makers should make 
policies on the continual introduction of scientific ethics into science classroom at all 
educational levels in Thailand, from the primary school level through graduate school.  
Ethics should be included in science subjects at all levels based on the survey findings. 
Scientific ethics should be a part of all professional teaching courses, a diploma degree 
programs.  All pre-service science teachers should be required to take a course on 
scientific ethics.  This means that there must be at least one course on scientific ethics in 
the science curriculum at all universities.  It is unnecessary to wait until graduate school 
level to learn the ethics of science because students are involved with science at all levels 
as soon as they enter to school.  In addition, in-service science teachers should do the 
same course on scientific ethics as pre-service teachers do.  As Chowning (2005: Online) 
stated that The National Science Education Standards (NRC 1996) point clearly to the need 
for teachers to not only provide students with a solid grounding in science content, but also 
with an understanding of ethical implications of science and the human context in which 
science occurs.  These are the reasons why students need to be taught ethics on a 
continuing basis, by primary school teachers through university faculty members. 

1.2 School-level policy recommendation 
   Scientific ethics should be established in science curriculum at all schools, 
either incorporated into a regular course or in an additional course dealing with specific 
public issues such as energy policy, environmental policy, mineral use policies, food and 
agricultural policy, pollution and  nuclear weapon policies (Davis; & Barbour.  1985) by 
school policy makers or administrators.  This can also be in an extracurricular activity, for 
example, clubs, community service and so on.  Specially, the principles of honesty and 
credit (plagiarism) must be put in the school curriculum and paid the most attention as two 
of vitally fundamental principles currently that are being violated.  Moreover, school policy 
makers should develop a fuller image of scientific knowledge and the role of science and 
technology in society, integration of the discussion of ethical issues and science education 
at relevant points of the curriculum (Gosling; & Musschenga.  1985). 
   One of the major school policies should be to encourage all science 
teachers to attend seminars, workshops, or courses of the ethics in science to gain better 
understanding of ethical principles and to be able to transfer the knowledge to their 
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students appropriately.  This should be compulsory for all science teachers as a starting 
point to obtain the best results of ethical development for students.  Additionally, schools 
should also promote and develop science teachers to have positive attitude of introducing 
ethics into a science classroom by eliminating the factors that play a negative role on their 
attitudes (Gosling; & Musschenga.  1985).  These factors are: 1) overloaded science 
curricula pressurized by an oppressive examination system, 2) a pedagogical climate in the 
schools that is not favorable to moral development and 3) Low motivation and a tendency 
to avoid professional risk. 
 

2. Recommendations for science teachers 
  The results of the present study provide science teachers with new ideas on 
how to use hybrid learning as a teaching tool.  Hybrid learning has not been addressed 
before in the research scientific ethics.  In addition, the results give a strong indication that 
hybrid learning is a productive way to teach ethics in science with the time and condensed 
content limitations.  This study also shows that students are interested in learning ethics in 
science and also thought that it is very important for all science students to learn and 
understand these concepts, and principles of scientific ethics.  Therefore, this study 
provides strong support for the argument that science teachers can incorporate ethics into 
the science classroom for high school students at an appropriate level and with several 
different pedagogies.  There should be a course that scientific ethics can be either taught 
individually or integrated by a team of teachers from different disciplines; physics, biology 
and chemistry or any other related science subject.  Classroom research should be 
conducted to develop this type of teaching in order to make good use of time for the next 
generations of students.  Gosling and Musschenga (1985) agrees that at the secondary 
school level, the introduction of ethical aspects in science education depends strongly on 
the teachers.  Therefore, science teachers should be more courageous to bring ethics into 
the science class even if it seems to be difficult and has many problems at first, but it is 
essential.  To do so, they may have to put more effort on eliminating the factors that have a 
negative role on their attitude of introducing ethics into a science classroom (Gosling; & 
Musschenga.  1985).  This can be done by: 1) reducing the resistance to change in the 
classroom, and the fear of losing respect by shifting responsibilities to students when using 
new teaching methods, 2) having the communication and cooperation between the 
classroom teachers in different disciplines, 3) having the understanding and awareness of 
the contemporary nature of science and technology and its social political, economic and 
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moral context, and 4) minimizing the constraints of traditional teaching models.  For the 
science teachers, who have the experience and are interested in ethics in science, they 
should develop their skills for creating methods of teaching which take into account the 
ethical dimensions of science that enable them to work cooperatively with other teachers.  
Additionally, they should encourage secondary students to participate actively in decision-
making processes by avoiding a too early and too rigid division of the complete group of 
students into two separate groups of 1) pre-scientists, and 2) students without professional 
aspirations towards science and technology (Gosling; & Musschenga.  1985).  More 
importantly, to do some serious study in ethics or to work closely with a philosopher or 
theologian interested in ethical theory and application is recommended (Barbour.  1985).  
From the researcher’s point of view, to make connections or a network of science teachers 
who are interested in ethics in science in different countries in order to share and gain 
wider information and teaching materials is recommended. 
  These recommendations for science teachers can be used for both science 
and non-science schools.  In all cases, schools’ limitations should be considered.  For 
instance, hybrid learning is more likely to be used in a school with internet accessibility.  
For non-science schools, science teachers may have to modify some aspects in order to fit 
the school’s context and appropriateness.  For example, case studies used in the 
classroom can be at the surface of scientific ideas, and not go too deep into the scientific 
details.  This issue also depends on the educational level of students, namely, from primary 
to high school students.  
 

3. Recommendations for science educators 
  This study shows that students are interested in learning ethics in science and 
they thought that it is very important for all science students to learn and understand the 
concepts and principles of scientific ethics.  This study also provides strong support for the 
argument that science teachers can incorporate ethics into science classrooms for high 
school students at an appropriate level and with several different pedagogies.  Therefore, 
science educators should help motivate science teachers to realize the importance of 
raising ethical issues in their science classroom.  Also, to change their ideas that science is 
neutral, value-free and isolated from questions of values and ethics.  Most importantly, 
science educators themselves should consider science as being value laden.  As Gosling, 
Musschenga and Eijkelhof (1985) addressed the idea that we should not consider science 
education in isolation, but in relation to moral education in particular and the moral 
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development of students must be promoted as an integral part of science education.  
Science educators could set this in motion by offering workshops or training in moral 
development for science teachers and for prospective science educators. 
  Furthermore, science educators should play an essential role in solving 
problems generally occurring with science teachers as stated by Gosling and Musschenga 
(1985).  These problems are those who are against introducing ethical aspects in science 
education; who think it is not possible, those who are willing to do so but do not know how 
to do it and who try but meet with many problems.  In addition, they should enhance the 
ability of teachers to deal with student activities that promote moral development so that 
students have more opportunity to face the consequences of their moral choices, and so 
are more challenged; also the ability of teachers to assess progress in moral reasoning.  
Science educators also have to talk repeatedly of the importance of ethical issues related 
to science and its creations, the good and the bad, the creative and beautiful aspects of 
science must of course be taught; and the uncontrolled consequences of science should 
also be taught (Frazer; & Kornhauser.  1985; & Gosling; & Musschenga.  1985).  All 
science educators should also specifically consider these issues. 

4. Recommendations for science researchers/mentors 
  Today science researchers or mentors play an important role on students’ 
science projects or research.  When students are learning about scientific research, they 
also have to learn about the standards of conduct.  Advising and mentoring by more-
experienced scientists is essential.  They have responsibilities to offer the guidance and 
advice on matters connected to scientific research to students as younger or beginning 
researchers.  The main role of an adviser or a mentor is to help students to maintain and 
model the high standard of conduct as well as to build the advancement of science.  
Scientist can be a good role model for science students to work ethically.  At the same 
time, they can educate students, who will be scientists in the near future, on how to be 
ethical scientists.  Therefore, science researchers themselves have to aware, and pay close 
attention to these principles of scientific ethics so that they can educate prospective 
scientists and insure that they learn how to conduct good science.  Students can benefit 
greatly from working together with advisers and mentors. 
 

5. Recommendations for all 
  As Mehlinger (1986) mentioned that typically, the family is the first and 
principal instructor for the moral values approved by their custom and traditions.  Mothers, 
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fathers and members of the extended family play key roles.  Personally, the researcher 
thinks that it is absolutely right but, for some reason, our world is changing.  Some parents 
tend not to play the major role of teaching their children about ethical or moral values.  
Particularly, ethics in science is not easy for parents to teach to their children if they do not 
have the fundamental ideas or awareness of the ethical issues in science, so how could 
they cultivate their children appropriately? The researcher truly believes that children should 
be taught by a teacher who seems to have some characteristics, for example, to have 
basic ideas of science, to have teaching experience, to be aware or to appreciate, to be 
willing to do so and more importantly, to know how to teach ethics in science properly.  
Most importantly, it is recommended that parents, policy makers, science teachers, science 
educators, scientists, researchers, mentors, community, and everyone in our society or 
nation work cooperatively in order to improve the ethical development effectively.  This 
would be more effective in not only teaching ethics in science, but also ethics in general. 
 

6. Recommendations for further studies 
6.1 There should be longitudinal research conducted where students are 

exposed to ethics in science for three years consecutively to see whether it will be more 
beneficial for students to learn and be aware of ethical principles effectively.  In addition, 
there is a need to repeat the present study with fewer variables with the next generations of 
student at Mahidol Wittayanusorn School as well as in other science schools in Thailand to 
gain results that are more obvious and to determine the trends of this type of research. 

6.2 The present study has provided the useful findings for scientific ethics 
research with high school students.  Yet this research is clearly only a beginning point in 
Thailand.  As a follow-up, to the present study, a deeper look at the important variables 
such as thinking skills and communicative skills should be taken into account.  According to 
the survey, there are several activities that can be added into class, either a standard or an 
additional class.  Therefore, more research studies of ethics education with different 
techniques are needed e.g. role playing, drama or debate.  In fact, at Mahidol 
Wittayanusorn School there is a drama club organized by students and teachers together.  
Each year they have to play, until now, there has been two drama plays which were “Just 
Understand: The Musical” and “Just Saying “Love”: The Musical” They were very popular 
for most students.  Ethics in science can be incorporated in this creative activity, for 
example, “On Being a Scientist” which is a name of a book about the responsible 
conduct of scientific research.  It could be “On Being a Scientist: The Musical.” This can 
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be integrated to promote understanding, awareness of scientific ethics, thinking skills; 
creative, analytical, and practical thinking skills, and communicative skills.  If there is no 
time limited, like in an additional class or club, students should be able to have their own 
portfolio which regular writing of ethics is included.  Such classes would provide data that 
could be examined for students over a longer time.  This could also be studied for several 
variables. 

6.3 A number of other valuable studies would also naturally follow the present 
study.  This would call upon other scholars to seriously study about student understanding 
of ethical concept and principles in science at the high school level, at the collegiate level, 
and even, where possible, at the elementary level throughout Thailand.  In addition to 
looking at student awareness on learning ethics in science, research on workshops for 
science teachers who are really interested in scientific ethics should be conducted.  Such 
qualitative research would certainly lead to the spread out of meaningful teaching scientific 
ethics across the nation. 

6.4 Future research on the principle of honesty would be a major requirement 
since it is the core of any other ethical principle.  Additionally, other principles should be 
studied in different ways with time allocation.  For instance, the ethics of social 
responsibility, respect for subjects that can be performed through drama or role- playing.  
All of these principles generally take time to conduct research and to see the obvious and 
reliable consequences. 

6.5 The Thai students and teachers’ ability to use English to discover new 
knowledge, especially the difficulty on technical terms such as in the field of scientific ethics 
or philosophy, is still limited.  Therefore, students and teachers should have adequate 
potential to deal with English documents or media, which are very crucial for them to 
search for the up-to-date knowledge on ethical principles or issues in a changing society.  
Research on students and teachers’ capability to learn scientific ethics by using English 
media should be performed.  So that trusted Thai media, translated books, for example, 
could be increasingly created by scholars if necessary. 

6.6 Some useful research could certainly be done with those students who 
may resist the idea of learning ethics in science, particularly high achieving science 
students who overlook this imperative issue.  Individual teaching with case studies, followed 
up by one-on-one interviews could be one of the successful ways to figure this out. 
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  In summary, given the success of the present study the area of ethics 
education in science will provide a fruitful research agenda not only for schools and 
researchers, but also for many other science teachers and science educators.  The 
research findings can help to effectively prepare students for being a leaders, scientists or 
researchers in the near future for the nation and to develop Thai learners to be good, 
competent (smart) and happy according to the objective of the 1999 National Education 
Act.  



                                              
 
 
 
 
 
 
 
 
 
 
 
 

BIBLIOGRAPHY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



124 

 

BIBLIOGRAPHY 
 

 

Agne, R.M.  (1986).  Teaching strategies for presenting ethical dilemmas.  In  Frazer, M.J. & 
Kornhauser, A.  Ethics and Social Responsibility in Science Education.  Oxford.  New 
York: ICSU Press. 

Aiken, Lewis R.  (1991).  Psychological Testing and Assesment.  7th ed.  Allyn and Bacon Inc. 
Barbour, I.G.  (1985).  Religion, values, and science education.  In  Musschenga, Bert & 

Gosling, David.L.  Science Education and Ethical Values: Introducing Ethics and Religion 
into the Science Classroom and Laboratory.  Geneva, Switzerland : WCC Publications ; 
Washington, D.C., USA : Georgetown University Press. 

Barber, Nigel.  (2002).  Encyclopedia of Ethics in Science and Technology (Facts on File Science 
Library).  New York: Facts on File. 

Birch, C.  (1985).  Values, responsibilities, and commitments in the teaching of science. In 

Musschenga, Bert & Gosling, David.L.  Science Education and Ethical Values: 
Introducing Ethics and Religion into the Science Classroom and Laboratory.   Geneva, 
Switzerland : WCC Publications ; Washington, D.C., USA : Georgetown University 
Press. 

Breton, Rob, et al.  (2005).  Online Learning and Intellectual Liberty: A Mixed-Mode Experiment 
in the Humanities.  College Teaching.  3(53): 102. 

Brown, David G.  (2001).  Hybrid Courses Are Best. Syllabus.  1(15): 22. 
Choi, Kyunghee; & Cho, Hee-Hyung.  (2002).  Effects of Teaching Ethical Issues on Korean 

School Students' Attitudes towards Science.  Journal of Biological Education.  1(37): 26-
30. 

Choi, Kyunghee; Cho, Hee-Hyung; & Kim, Jihyun.  (2000).  The Effects of Ethical Education in 
Science Classes on Middle School Student’s Attitude toward Science.  Journal of the 
Korean Association for Research in Science Education.  20(4): 642-651 

Chowning, Jeanne Ting.  (2005).  How to Have a Successful Science and Ethics Discussion.  
Science Teacher.  9(72): 46-50.  Retrieved December 10, 2006 from 
http://nwabr.org/sites/default/files/teachers/professionaldevelopment/NSTA_ScienceEthic
sDiscussion.pdf 

Conner, L.N.  (2007).  Cueing Metacognition to Improve Researching and Essay Writing in a 
Final Year High School Biology Class.  Research in Science Education.  37(1): 1-16. 

Creswell, John W.  (2005).  Educational research: planning, conducting and evaluating 
quantitative and qualitative research.  2nd ed.  Upper Saddle River, NJ : Merrill 

http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Brown+David+G.%22
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&eric_viewStyle=list&ERICExtSearch_SearchValue_0=face-to-face+and+web+based+instruction&searchtype=basic&ERICExtSearch_SearchType_0=kw&pageSize=10&eric_displayNtriever=false&eric_displayStartCount=111&_pageLabel=RecordDetails&objectId=0900000b800797d4&accno=EJ633193&_nfls=false%20%20%20%20
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Choi+Kyunghee%22
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Cho+Hee-Hyung%22
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Choi+Kyunghee%22
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Cho+Hee-Hyung%22
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Chowning+Jeanne+Ting%22
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&ERICExtSearch_SearchValue_0=teaching+ethics+in+science&searchtype=keyword&ERICExtSearch_SearchType_0=kw&_pageLabel=RecordDetails&objectId=0900000b80a0aae7&accno=EJ758623&_nfls=false%20%20%20%20


125 

 

Davis, H.  (1985).  Summary of the discussion.  In  Musschenga, Bert & Gosling, David.L.  
Science Education and Ethical Values: Introducing Ethics and Religion into the Science 
Classroom and Laboratory.  Geneva, Switzerland : WCC Publications ; Washington, 
D.C., USA : Georgetown University Press. 

Donnelly, J.F.  (2004).  Ethics and the Science Curriculum.  School Science Review.  86(315): 
29-32. 

Edge, D.  (1985).  Dominant Scientific Methodological Views: Alternatives and their 
Implications.  In  Musschenga, Bert & Gosling, David.L.  Science Education and Ethical 
Values: Introducing Ethics and Religion into the Science Classroom and Laboratory. 
Geneva, Switzerland : WCC Publications ; Washington, D.C., USA : Georgetown 
University Press. 

Eijkelhof, H.  (1985).  Ethics in the classroom: Goals and experiences.  In  Musschenga, Bert & 
Gosling, David.L.  Science Education and Ethical Values: Introducing Ethics and Religion 
into the Science Classroom and Laboratory.  Geneva, Switzerland : WCC Publications ; 
Washington, D.C., USA : Georgetown University Press. 

Ellis, Robert A., Goodyear, P., Prosser, M. & O'Hara, A.  (2006).  How and What University 
Students Learn through Online and Face-to-Face Discussion: Conceptions, Intentions 
and Approaches.  Journal of Computer Assisted Learning.  4(22): 244-256. 

Frazer, M.J. & Kornhauser, A.  (1986).  Ethics and Social Responsibility in Science Education. 
Oxford. New York: ICSU Press. 

Hall, Richard H.  (1999).  Web-Based Conferencing as a Component of a Collaborative-Learning 
Based Educational Psychology Class.  

Harlen, W.  (1986).  What can primary science contribute to ethics and social responsibility.  In 

Frazer, M.J. & Kornhauser, A.  Ethics and Social Responsibility in Science Education. 
Oxford. New York: ICSU Press. 

Jumsai, A.  (2003).  A Development of the Human Values Integrated Instruction Model Based on 
Intuitive Learning Concept.  Dissertation,  Ph.D. (Curriculum and Instruction).  
Bangkok: Faculty of Education, Chulalongkorn University. 

Kempton, Tom.  (2004).  Using Paintings and Cartoons to Teach Ethics in Science.  School 
Science Review.  86(315): 75-82. 

Kovac, J.  (1996).  Scientific Ethics in Chemical Education.  Journal of Chemical Education. 
73(10): 926 

http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Ellis+Robert+A.%22
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Goodyear+P.%22
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Prosser+M.%22
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22O%27Hara+A.%22


126 

 

Krawiec, Steven, Salter, Diane & Kay, Edwin J.  (2005).  A "Hybrid" Bacteriology Course: The 
Professor's Design and Expectations; The Students' Performance and Assessment. 
Online Submissio.  Microbiology Education.  6: 8-13. 

Levinson, Ralph  (2002).  Teaching Ethical Issues in Science.  In Rethinking Science and 
Technology Education to Meet the Demands for Future Generations in a Changing 
World.  IOSTE Symposium Proceedings.  1:488-497. 

Lewis, J.L.  (1986).  Ethics in the classroom.  In   Frazer, M.J. & Kornhauser, A.  Ethics and 
Social Responsibility in Science Education.  Oxford.  New York: ICSU Press. 

Luper, Steven.  (2001).  A Guide to Ethics.  McGraw Hill. 
Lysaght, Tamra, Rosenberger, Philip J. & Kerridge, IanAustralian.  (2006).  Undergraduate 

Biotechnology Student Attitudes towards the Teaching of Ethics.  International Journal 
of Science Education.  10(28): 1225-1239. 

Macer, Darryl.  (2004).  Bioethics Education for Informed Citizens across Cultures.  School 
Science Review.  86(315): 83-86. 

Mahidol Wittayanusorn School.  (2006).  Retrieved November, 6, 2006 from 
http://www.mwit.ac.th/  

Mehlinger, H.  (1986).  The nature of moral education in the contemporary world.  In  Frazer, 
M.J. & Kornhauser, A.  Ethics and Social Responsibility in Science Education.  Oxford. 
New York: ICSU Press. 

Musschenga, Bert & Gosling, David.L.  (1985).  Science Education and Ethical Values: 
Introducing Ethics and Religion into the Science Classroom and Laboratory.  Geneva, 
Switzerland : WCC Publications ; Washington, D.C., USA : Georgetown University 
Press. 

Onlineethics.  (2007).   Retrieved November 15, 2007  from http://www.onlineethics.com/ 
Pape, Liz.  (2006).  From Bricks to Clicks: Blurring Classroom/Cyber Lines.  School 

Administrator.  7(63): 18. 
Pojman, Louis P.  (1998).  Ethics:discovering right and wrong.  3rd ed. Wadsworth Publishing 

Company. 
Princess Chulabhorn’s College.  (2011).  Retrieved August 10, 2011 from 

http://pccfld.blogspot.com/  
Princess Chulabhorn’s Colleges Development Project.  (2011).  Retrieved August 10, 2011 from 

http://www.en.moe.go.th/index.php?option=com_content&view=article&id=213:princess-
chulabhorns-colleges-development-project&catid=1:news&Itemid=42 

http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Krawiec+Steven%22
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Salter+Diane%22
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Kay+Edwin+J.%22
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Lysaght+Tamra%22
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Rosenberger+Philip+J.+III%22
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Kerridge+Ian%22
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Pape+Liz%22
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&ERICExtSearch_SearchValue_0=face-to-face+and+web+based+instruction&searchtype=keyword&ERICExtSearch_SearchType_0=kw&_pageLabel=RecordDetails&objectId=0900000b809e5a60&accno=EJ757380&_nfls=false%20%20%20%20


127 

 

Rachels, J.  (1999).  The Elements of Moral Philosophy.  Third edition 3rd ed.  McGraw-Hill 
College. 

Reiss, Michael.  (1999).  Teaching Ethics in Science. Studies in Science Education.  34: 115-
40.  

Riffell, Sammuel & Sibley, Duncan.  (2005).  Using Web-Based Instruction to Improve Large 
Undergraduate Biology Courses: An Evaluation of a Hybrid Course Format.  Computer 
and Education.  44(3): 217-235. 

Resnik, David B.  (1998).  The Ethics of Science: an Introduction.  New York: Routledge. 
Sternburg Robert J.  (2005).  The Theory of Successful Intelligence.  Revista Interamericana de 

Psicologia/Interamerican Journal of Psychology.  2(39): 189-202.  Retrieved July 20, 
2007, from http://www.psicorip.org/Resumos/PerP/RIP/RIP036a0/RIP03921.pdf 

Shaw ,William H.  (1998).  Social & Personal Ethics.  3rd edition.  Wadsworth Publishing 
Company.   

Talking Point: Should school be teaching science ethics?  (2000).  BBC News.  Retrieved 
August 9, 2007 from http://news.bbc.co.uk/2/hi/talking_point/1441265.stm 

Thiroux, Jacques P.  (1998).  Ethics: Theory and Practice.  6th Ed. Prentice Hall 
UNESCO  (1993).  Strategies and Methods for Teaching Values in the Context of Science and 

Technology.  Retrieved October 6, 2007, from 
http://www.unesco.org/education/pdf/325_96.pdf 

UWM  (2011).  Retrieved August 13, 2011 from http://www4.uwm.edu/ltc/hybrid/about_ hybrid/ 
index.cfm 

Welker, Jan & Berardino, Lisa.  (2005-2006).  Blended Learning: Understanding the Middle 
Ground between Traditional Classroom and Fully Online Instruction.  Journal of 
Educational Technology Systems.  1(34): 33-55. 

Wellington, Jerry.  (2004).  Ethics and Citizenship in Science Education: Now is the Time to 
Jump off the Fence.  School Science Review.  86(315): 33-38. 

Zongmin, Ma.  (2006).  Web-Based Intelligent E-Learning Systems: Technologies and 
Applications.  Hershey, PA: Information Science Pub. 

Sternberg, Robert J.; Grigorenko, Elena L.  (2001).  Teaching for Successful Intelligence To 
Increase Student Learning and Achievement.  Translated by Aree Sunhachawee. 
Bangkok: Ben Publishing.  

The Ven. Phra Dhammapitaka (Bhikkhu P.A. Payutto).  (1992).  Good, Evil and Beyond: 
Kamma in the Buddha’s Teaching.  Retrieved August 15, 2011 from 
http://www.buddhanet.net/cmdsg/kamma.htm#Intro 

http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Reiss+Michael%22
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&ERICExtSearch_SearchValue_0=ethics+in+science&ERICExtSearch_Operator_2=and&ERICExtSearch_SearchType_2=kw&searchtype=advanced&ERICExtSearch_SearchType_0=ti&ERICExtSearch_SearchCount=2&ERICExtSearch_PubDate_From=0&ERICExtSearch_Operator_1=and&ERICExtSearch_SearchType_1=kw&ERICExtSearch_PubDate_To=2007&_pageLabel=RecordDetails&objectId=0900000b8001f8cf&accno=EJ608819&_nfls=false%20%20%20%20
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Welker+Jan%22
http://eric.ed.gov/ERICWebPortal/Home.portal?_nfpb=true&_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Berardino+Lisa%22


 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



129 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

 
 

 
Appendix A 
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แผนการจดัการเรียนรู้ท่ี 1              รายวิชา เคมี 1                        รหสัวิชา ว 40131 
ชัน้มธัยมศึกษาปีท่ี 4                ภาคเรียนท่ี 1                             ปีการศึกษา 2552 
บทท่ี 1 โครงสร้างอะตอม เร่ือง ปฐมนิเทศและจริยธรรมทางวิทยาศาสตร ์   เวลา   1.0  คาบ 
 
สาระการเรียนรู้ 
 จรยิธรรมทางวทิยาศาสตร ์ประกอบด้วยหลกัการ 12 ประการ กล่าวคอื 1) ความซื่อสตัย ์
)Honesty)  2) ความระมดัระวงั/ความรอบคอบ )Carefulness)   3) ความใจกวา้ง )Openness)  4) ความมี
อสิรภาพ )Freedom) 5) ความเชื่อถอื )Credit)  6) การใหก้ารศกึษา )Education) 7) ความถูกต้องตาม
กฎหมาย )Legality)  8) ความรบัผดิชอบต่อสงัคม )Social Responsibility) 9) โอกาส )Opportunity) 10) 
ความเคารพซึง่กนัและกนั )Mutual Respect) 11) ประสทิธภิาพ )Efficiency)   และ  12) ความเคารพต่อ
ผูร้บัการทดลอง )Respect for Subjects) 
 
ผลการเรียนรู้ท่ีคาดหวงั 
 อธบิายความหมายของวทิยาศาสตร ์ จรยิธรรม และจรยิธรรมทางวทิยาศาสตรไ์ด้ 
 อธบิายความสมัพนัธร์ะหว่างวทิยาศาสตรแ์ละจรยิธรรมได้ 
 อธบิายแนวคดิพืน้ฐานและหลกัการของจรยิธรรมทางวทิยาศาสตรไ์ด้ 
 ตระหนกัถงึคุณค่าและความสาํคญัของจรยิธรรมทางวทิยาศาสตร์ 
 
เน้ือหาสาระ 
 จรยิธรรมเป็นระบบหนึ่งของสาธารณชน ซึ่งเป็นกฎต่างๆที่ใช้เป็นแนวทางในการประพฤติ
ปฏบิตัขิองมนุษย ์(Gert, 1988) จรยิธรรมทางวทิยาศาสตร์ )scientific ethics) เป็นจรรยาบรรณองคก์รที่
สะทอ้นถงึขอ้ตระหนกัและเป้าหมายต่างๆของวทิยาศาสตรแ์ละบรรทดัฐานต่างๆทางสงัคม 
 จากนิยาม คาํว่า ประพฤตปิฏบิตั ิ(conduct) หมายถงึ ลกัษณะต่างๆทัง้หมดของกจิกรรมต่างๆ
ทางวทิยาศาสตร ์รวมถงึการทําการทดลอง การทดสอบ การศกึษา การวเิคราะห์ขอ้มูล การเก็บขอ้มูล 
การใชข้อ้มลูร่วมกนั การทบทวนระดบัเดยีวกนั (peer review) การใหเ้งนิทุนโดยรฐับาล สมาชกิทมีวจิยั 
เป็นต้น โดยไม่รวมถึงการประพฤติปฏบิัติที่ไม่มผีลโดยตรงต่อวิทยาศาสตร์ และคําว่า วทิยาศาสตร ์
หมายถงึ ศาสตรท์างวชิาการ  (academic science) ไม่ใช่ศาสตรท์างการทหารหรอืศาสตรท์างธุรกิจ
ถึงแม้ว่าศาสตร์ทัง้สามแขนงจะใช้หลกัการพื้นฐานบางอย่างร่วมกนั แต่มเีป้าหมายและข้อตระหนักที่
แตกต่างกัน เป้าหมายและข้อตระหนักที่แตกต่างกันเหล่านัน้ ทําให้เกิดเป็นจรยิธรรมที่แตกต่างกัน 
ในทางการทหาร การรกัษาความปลอดภยัของชาตเิป็นเป้าหมายหลกัและความลบัเป็นสิง่ที่สําคญัและ
จําเป็นต่อการบรรลุเป้าหมายนัน้ ความลบัก็ยงัเป็นสิง่ที่สําคญัด้วยเช่นกนัในศาสตรท์างธุรกิจเพื่อใช้ใน
การส่งเสรมิเป้าหมายหลกัของธุรกจิ นัน่กค็อื การทาํกําไรใหไ้ดม้ากทีสุ่ด สําหรบัศาสตรท์างวชิาการมกีาร
ถกเถยีงกนัมาเป็นเวลานานในกลุ่มนักปรชัญาเกี่ยวกบัเป้าหมายของศาสตรน์ัน้ แต่ขอ้ตระหนักเบือ้งต้น
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สองอย่างที่เห็นได้อย่างชัดเจนก็คือ การแสวงหาความรู้และความเชื่อต่างๆที่เป็นจริงเกี่ยวกับ
โลก เน่ืองจากกฎต่างๆทางจรยิธรรมของวทิยาศาสตรค์วรจะส่งเสรมิเป้าหมายเหล่าน้ี หลกัการที่สําคญั
ทีสุ่ดจาํนวนมากจงึไดก้ําเนิดขึน้มา เดวดิ บ ีเรสนิค )David B. Resnik, 1998) ไดนํ้าเสนอและปกป้อง 
หลกัการจรยิธรรมทางวทิยาศาสตร ์12 ประการ ซึง่นําไปใชใ้นกระบวนการทาํงานวจิยัต่างๆ เพื่อไม่ใหข้ดั
ต่อมาตรฐานทางจรยิธรรมทีเ่ป็นทีย่อมรบักนัโดยทัว่ไปและเพื่อส่งเสรมิความก้าวหน้าของเป้าหมายต่างๆ
ทางวทิยาศาสตร ์หลกัการทัง้ 12 ประการ มดีงันี้ 
 
หลกัการจริยธรรมทาง

วิทยาศาสตร ์
ค าอธิบาย 

1. ความซื่อสตัย ์)Honesty)  
 

นกัวทิยาศาสตรไ์ม่ควรสรา้งขอ้มลู )fabricate) แกไ้ขขอ้มลู )falsify) หรอืนําเสนอ
ขอ้มลูหรอืผลการทดลองทีไ่มต่รงตามจรงิ )misrepresent) อกีทัง้ควรเป็นคนที่
ตดัสนิใจบนพืน้ฐานของขอ้เทจ็จรงิ )objective) ไม่ลาํเอยีง )unbiased) เป็นทีน่่า
ไวใ้จ )trustful) ในทุกแงมุ่มของกระบวนการวจิยั 

2. ความระมดัระวงั / ความ
รอบคอบ )Carefulness)  

 

นกัวทิยาศาสตรค์วรหลกีเลีย่งความคลาดเคลื่อนในการรายงานผลการวจิยัทีไ่ด ้
ควรลดความคลาดเคลื่อนจากการทดลอง ความคลาดเคลื่อนจากวธิกีารวจิยั และ
ความคลาดเคลื่อนของผูว้จิยัหรอืผูท้ดลองใหม้ากทีส่ดุ รวมทัง้หลกีเลีย่งการหลอก
ตวัเอง )self-deception) ความลาํเอยีง )bias) และการขดัผลประโยชน์ )conflicts 
of interest) 

3. ความใจกวา้ง 
)Openness)  

 

นกัวทิยาศาสตรค์วรจะแบ่งปนัหรอืแลกเปลีย่นขอ้มลู )data) ผลวจิยั )results) 
วธิกีาร )methods) แนวคดิ )ideas) เทคนิค )techniques) และเครื่องมอืต่างๆ 
(tools) แก่กนัและกนั. และควรจะอนุญาตใหน้กัวทิยาศาสตรค์นอื่นๆ ทบทวน 
(review) และวพิากษ์วจิารณ์ งานและแนวคดิใหม่ๆของตนดว้ย  

4. ความมอีสิรภาพ 
)Freedom)  

นกัวทิยาศาสตรค์วรมคีวามเป็นอสิระในการทาํงานวจิยัในปญัหา )problem) หรอื
ขอ้สมมตฐิาน )hypothesis) ต่างๆ และควรไดร้บัอนุญาตในการทาํงานต่อไปให้
สาํเรจ็สาํหรบัแนวคดิใหม่ๆและสามารถ วพิากษ์วจิารณ์แนวคดิเดมิๆได ้

5. ความเชื่อถอื (Credit)  ความเชื่อถอื )Credit) ควรจะมอบใหก้บัผูท้ีไ่ดล้งมอืปฏบิตังิานนัน้จรงิเป็น
ผลสาํเรจ็  

6. การใหก้ารศกึษา 
)Education) 

นกัวทิยาศาสตรค์วรจะใหก้ารศกึษาหรอืความรูแ้ก่นกัวทิยาศาสตรใ์หม่ๆ และ
รบัประกนัว่าพวกเขาไดเ้รยีนรูว้า่จะปฏบิตัหิรอืทาํการทดลองทางวทิยาศาสตร ์ให้
ดไีดอ้ย่างไร รวมถงึแจง้ใหส้าธารณชนไดท้ราบเกีย่วกบัวทิยาศาสตร์ 

7. ความรบัผดิชอบต่อสงัคม 
(Social Responsibility)  

นกัวทิยาศาสตรค์วรหลกีเลีย่งการเป็นสาเหตุของการทาํการใดๆทีจ่ะเป็นอนัตราย
ต่อ สงัคม ควรพยายามสรา้งผลประโยชน์ใหก้บัสงัคม และควรจะแสดงความ
รบัผดิชอบต่อผลงานการวจิยัของตนเอง รวมทัง้ควรจะแจง้ใหส้าธารณชนทราบ
เกีย่วกบัผลลพัธท์ีไ่ดจ้ากการวจิยัต่างๆ 

8.  ความถูกตอ้งตาม
กฎหมาย (Legality)  

ในกระบวนการทาํวจิยั นกัวทิยาศาสตรค์วรปฏบิตัติามกฎหมายต่างๆทีส่มัพนัธ์
โดยตรงต่องานของตน 
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หลกัการจริยธรรมทาง
วิทยาศาสตร ์

ค าอธิบาย 

9. โอกาส (Opportunity) นกัวทิยาศาสตรค์วรจะไดร้บัโอกาสอย่างเป็นธรรมในการใชท้รพัยากรต่างๆทาง
วทิยา ศาสตร ์หรอืโอกาสในความกา้วหน้าของวชิาชพีทางวทิยาศาสตร์ 

10. ความเคารพซึง่กนัและ
กนั (Mutual Respect)  

นกัวทิยาศาสตรค์วรจะปฏบิตัต่ิอเพื่อนร่วมงานดว้ยความเคารพ 

11. ประสทิธผิล)Efficiency)  นกัวทิยาศาสตรค์วรใชท้รพัยากรต่างๆอย่างรูคุ้ณค่า มปีระสทิธผิลและเกดิ
ประโยชน์สงูสดุ 

12. ความเคารพต่อผูร้บัการ
ทดลอง (Respect for 
Subjects)  

นกัวทิยาศาสตรไ์ม่ควรละเมดิสทิธต่ิางๆหรอืศกัดิศ์ร ี)dignity) เมื่อมกีารใชค้น 
)human subjects) ในการทาํการทดลองต่างๆ และควรปฏบิตัต่ิอสตัวท์ดลองหรอื 
ผูร้บัการทดลอง )subject) อื่นๆทีไ่มใ่ช่คนอย่างเหมาะสม 

 
 หลกัการต่างๆที่กล่าวถึงทัง้หมดส่งเสริมเป้าหมายและข้อตระหนักต่างๆที่สําคญัทาง
วทิยาศาสตรไ์ม่ทางตรงกท็างอ้อม หลกัการต่างๆของการวจิยัทางวทิยาศาสตรส์่วนใหญ่จะเป็นการ
ส่งเสริมเป้าหมายและข้อตระหนักต่างๆที่สําคัญทางวิทยาศาสตร์โดยตรง ในขณะที่หลักการ
จรยิธรรมทัว่ไปอื่นๆส่งเสรมิโดยทางออ้ม 
 ทา้ยทีสุ่ดแลว้ เราควรจะจดจาํไวว้่าการแสวงหาความรูแ้ละความจรงิจะหยุดชะงกัลงถ้าหา
กว่าบรรดานักวทิยาศาสตรล์ะเมดิหลกัการจรยิธรรมทัว่ไปอื่นๆของสงัคม เพราะว่าหลกัการต่างๆ
เหล่านี้ช่วยดํารงไว้ซึง่เสถยีรภาพ ความมัน่คง และ ความน่าเชื่อถอืไว้วางใจในสงัคมวทิยาศาสตร์
และการสนบัสนุนวทิยาศาสตรจ์ากสาธารณชน 
 
กิจกรรมการเรียนการสอน 
 4.1 ขัน้นําเขา้สู่บทเรยีน 
  4.1.1 กล่าวต้อนรบันักเรยีนสู่โรงเรยีนวทิยาศาสตร ์แลว้ใหน้ักเรยีนแนะนําตวั แจง้ให้
ทราบถงึโครงการสอน หนังสอืหรอืเวบ็ไซต์ที่ใช้ประกอบการเรยีนรู ้  และการประเมนิผล รวมถงึ
สรา้งขอ้ตกลงในการเรยีน พรอ้มใหน้กัเรยีนซกัถามขอ้สงสยั 
  4.1.2 แจง้ให้นักเรยีนทราบว่าก่อนเรยีนทุกคาบ ครูจะมคีําคมและข้อคดิก่อนเรยีน
เกี่ยวกับจรยิธรรมทางวทิยาศาสตร์มาฝากและเมื่อหมดภาคเรยีน นักเรยีนจะต้องคดิคําคมหรอื
ขอ้คดิก่อนเรยีนอยา่งน้อยคนละ 1 คาํคม แลว้นํามาส่งคร ูเพื่อเกบ็ไวเ้ป็นตวัอยา่งใหก้บัรุน่น้องต่อไป 
  4.1.3 ครยูกตวัอย่างคําคม/ขอ้คดิก่อนเรยีนของนักเรยีนทีเ่คยเรยีนรายวชิาเพิม่เตมิ ว 
40234 จรยิธรรมทางวทิยาศาสตร ์ทีว่่า  “ความคิดของคนเปรียบเสมือนดิน ซึง่ถือเป็นพ้ืนฐาน
ด้านๆ แต่ความคิดทีมี่จริยธรรม เปรียบเสมือนดิน ซึง่ก าเนิดชีวิตได้”     เตชิต ตริตระการ 
ม. 5/4 แลว้ใหน้กัเรยีนรว่มกนัวเิคราะห ์
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 4.2 ขัน้สอน  
4.2.1  ครยูกตวัอย่างหนังสอืเรื่อง เปิดพรมแดนวทิยาศาสตรส์ู่พรมแดนจรยิศาสตรแ์ละ

แค่เก่งไมพ่อใหน้กัเรยีนอ่าน  เปิด Power Point ใหเ้หน็รปูภาพประกอบ   ซึง่นักเรยีนสามารถนับเป็น 
1 ใน 50 เล่มหนงัสอืทีโ่รงเรยีนใหน้ักเรยีนอ่านเพื่อจบหลกัสูตรได ้จากนัน้สรุปเนื้อหาของหนังสอืทัง้
สองเรือ่งใหน้กัเรยีนฟงัอยา่งครา่วๆ 

4.2.2  แสดง  Ethics before class ตวัอย่างกรณีศกึษาของหวาง วู ซก นักวทิยาศาสตร์
ชาวเกาหลทีี่ประพฤตผิดิหลกัจรยิธรรมทางวทิยาศาสตร ์ก่อให้เกดิความเสื่อมเสยีชื่อเสยีงทัง้ต่อ
ตนเอง ครอบครวัและประเทศชาต ิโดยใช้ Power Point และเวบ็ไซต์ประกอบ แล้วให้นักเรยีน
รว่มกนัวเิคราะหแ์ละแสดงความคดิเหน็ของพฤตกิรรมดงักล่าว   

4.2.3  จากกรณีดงักล่าว ให้นักเรยีนตอบแบบทดสอบก่อนเรยีนเกี่ยวกบัความรู้ความ
เข้าใจเรื่องจริยธรรมทางวิทยาศาสตร์และแบบสอบถามความคิดเห็นของนักเรียนเกี่ยวกับ
ความสาํคญัของจรยิธรรมทางวทิยาศาสตร ์ใหเ้วลานกัเรยีนทาํชุดละประมาณ 10 นาท ี

4.2.4  ครูนําเสนอหลกัการจรยิธรรมทางวทิยาศาสตร ์12 ประการพร้อมทัง้อธบิาย
เพิม่เตมิ พรอ้มทัง้ใหน้ักเรยีนซกัถามขอ้สงสยั และแจง้ใหน้ักเรยีนทราบว่าเราจะค่อยๆเรยีนรูแ้ต่ละ
หลกัการเพิม่เตมิไปตลอดทัง้ภาคเรยีน 
 4.3 ขัน้สรปุ 
 ร่วมกนัสรุปความสําคญัของจรยิธรรมทางวทิยาศาสตร ์แลว้มอบหมายใหน้ักเรยีนไปอ่าน
บทความเรือ่ง จรยิธรรมทางวทิยาศาสตรข์อง ศ.ดร.ยงยุทธ ยุทธวงศ์ ซึง่อยู่ในเวบ็ไซต์ประกอบการ
สอนของครู แล้วสรุปความเพื่อเตรียมนํามาอภิปรายในคาบเรียนถัดไป พร้อมทัง้ร ับใบงาน 
กรณีศกึษาของมลิลิแกนไปศกึษา เพื่อเตรยีมนําเสนอหลงัจากเรยีนเรื่องการทดลองของมลิลแิกน
แลว้ 
 
5.  ส่ือการเรียนการสอน / แหล่งเรียนรู ้

5.1 Power Point 
5.2 เวบ็ไซตป์ระกอบการสอน 
5.3 หนงัสอืแค่เก่งไมพ่อ (Talent is never enough) 
5.4 หนงัสอืเคมขีอง Raymond Chang 8th edition 
5.5 ใบงาน กรณศีกึษา การทดลองหยดน้ํามนัของมลิลแิกน 
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6.  การประเมินผล / เครื่องมือ 
 6.1 แบบทดสอบก่อนเรยีน เรือ่ง จรยิธรรมทางวทิยาศาสตร ์
 6.2 แบบสอบถามวดัความคดิเหน็ เรือ่ง จรยิธรรมทางวทิยาศาสตร ์
 6.3 แบบทบทวนไตรต่รองแผนการจดัการเรยีนรูส้าํหรบัครู 
 6.4 แบบประเมนิใบงานการบา้น 
 
7.   กิจกรรมเสนอแนะ 
……………………………………………………………………………………………………………
………………………..…………………………………………………………………………………. 
 
8.   ข้อเสนอแนะของหวัหน้าสถานศึกษาหรือผูท่ี้ได้รบัมอบหมาย 
………………………………………………………………………………..…………………………
………………………………………………………………………………………………………….. 
 
         ลงชื่อ…………………………….……… 
          ( นายวชริศรณ์  แสงสุวรรณ ) 
              ครวูชิาการ สาขาวชิาเคม ี
        วนัที…่……เดอืน……………………พ.ศ……… 
 
9.   บนัทึกหลงัการสอน: 
……………………………………………………………………………………………………………
………………………………………………………………………………………………………… 
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แผนการจดัการเรียนรู้ท่ี 3               รายวิชา เคมี 1    รหสัวิชา ว 40131 
ชัน้มธัยมศึกษาปีท่ี 4                 ภาคเรียนท่ี 1                     ปีการศึกษา 2552 
บทท่ี 1  โครงสร้างอะตอม           เร่ือง แบบจ าลองอะตอม    เวลา   2  คาบ 
 
1. สาระการเรียนรู้ 

แบบจาํลองอะตอม 
1. ดาลตนั  เสนอแบบจาํลองอะตอมว่าอะตอมมลีกัษณะเป็นทรงกลม  มขีนาดเลก็ทีสุ่ดไม่

สามารถแบ่งแยกได ้
2. ทอมสนั  เสนอว่าอะตอมประกอบด้วย  อนุภาคบวกและอิเล็กตรอนจํานวนเท่ากัน

กระจายอยูท่ ัว่ไปในอะตอม 
3. รทัเทอรฟ์อรด์  เสนอว่าอะตอมประกอบดว้ย  นิวเคลยีสซึง่มขีนาดเลก็อยู่ตรงกลางและ

มอีเิลก็ตรอนเคลื่อนทีอ่ยูร่อบ ๆ 
 
2. ผลการเรียนรู้ท่ีคาดหวงั 

 อธบิายและเปรยีบเทยีบแบบจาํลองอะตอมของดาลตนั  ทอมสนั  รทัเทอรฟ์อรด์ได้ 
 

3. เน้ือหาสาระ 
 แบบจาํลองอะตอมของดาลตนั 

 จอห์น ดาลตนั  นักวทิยาศาสตรช์าวองักฤษได้รวบรวมเรื่องเกี่ยวกบัอะตอมและตัง้เป็น
ทฤษฎีขึ้นเรยีกว่า ทฤษฎอีะตอมของดาลตนั ซึ่งนับเป็นก้าวแรกที่ทําให้เกิดความเขา้ใจเกี่ยวกบั
อะตอมมากขึน้ ทฤษฎอีะตอมของดาลตนัมใีจความสาํคญัดงันี้ 

1. สสารทุกชนิดประกอบด้วยอนุภาคที่เลก็ที่สุดเรยีกว่า อะตอม ซึ่งไม่สามารถแบ่งแยก
ต่อไปไดอ้กี 

2. อะตอมไมส่ามารถสรา้งขึน้ใหมห่รอืทาํใหส้ญูหายไปได้ 
3. อะตอมของธาตุชนิดเดียวกันย่อมเหมือนกัน กล่าวคือมีสมบัติเหมือนกันทัง้ทาง

กายภาพและทางเคม ี
4. อะตอมของธาตุชนิดเดยีวกนัยอ่มมมีวลหรอืน้ําหนกัเท่ากนั 
5. สารประกอบเกิดจากการรวมตัวทางเคมีระหว่างอะตอมของธาตุต่างชนิดกันด้วย

อตัราส่วนของจาํนวนอะตอมเป็นเลขลงตวัน้อยๆ 
6. อะตอมของธาตุสองชนิดขึ้นไปอาจรวมกนัเป็นสารประกอบด้วยอตัราส่วนที่มากกว่า

หนึ่งอยา่งเพื่อเกดิสารประกอบมากกว่า 1 ชนิด 
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รปู 1-1 แบบจ าลองอะตอมของดาลตนั 
              (ท่ีมา: http://pages.uoregon.edu/ch111/L5.htm) 

 
แบบจ าลองอะตอมของทอมสนั 
 1)  หลอดรงัสคีาโทด   เป็นเครื่องมอืทีใ่ชใ้นการทดลองเกี่ยวกบัการนําไฟฟ้าของก๊าซและ
ใชศ้กึษาสมบตัขิองรงัสคีาโทด 
 2)  การคน้พบอเิลก็ตรอน 
  ทอมสนั  นักวทิยาศาสตร์ชาวองักฤษ  ได้ศึกษาจากหลอดรงัสคีาโทด  โดยให้รงัสี
คาโทดผ่านช่องเลก็ ๆ  ทีม่ที ัง้สนามแมเ่หลก็  และสนามไฟฟ้า  อยูใ่นแนวตัง้ฉากกบัทศิทางของรงัส ี 
ผลการทดลองพบว่ารงัสีคาโทดจะเบี่ยงเบนไปจากฉากเรอืงแสง  โดยเบนออกจากขัว้ลบเข้าหา
ขัว้บวกของสนามไฟฟ้า  จงึสรปุว่ารงัสคีาโทดน้ีมปีระจุเป็นลบ  เรยีกว่าอเิลก็ตรอน  เมื่อเปลีย่นก๊าซ
ชนิดต่าง ๆ รวมทัง้เปลีย่นชนิดของโลหะทีใ่ชเ้ป็นคาโทด  ทอมสนัศกึษาสมบตัขิองรงัสคีาโทด  และ
คาํนวณอตัราส่วนของประจตุ่อมวล ( e/m )  ของอนุภาค  พบว่ารงัสคีาโทดไม่ว่าจะใชก๊้าซหรอืโลหะ
ใด ๆ  กต็ามมสีมบตัเิหมอืนกนัทุกประการ  และมคี่าประจุต่อมวลคงที ่ คอืมคี่า e/m  =  1.7 x  108  
คูลอมบ์/กรมั  ซึ่งจากผลการทดลองและผลการคํานวณนี้แสดงว่าอะตอมทุกชนิดมอีิเล็กตรอน
เหมอืนกนั  ดงันัน้การทดลองของทอมสนัจงึเป็นการคน้พบอเิลก็ตรอน 
 3)  การคน้พบโปรตอน 
  โกลด์ชไตน์  ได้ดดัแปลงหลอดรงัสคีาโทด  โดยให้ขัว้คาโทดและอาโนดเลื่อนมาไว้
เกือบตรงกลางและเพิม่ฉากเรอืงแสงทัง้สองด้านของหลอดเจาะรูตรงกลางขัว้ทัง้สอง  เมื่อผ่าน
กระแสไฟฟ้าศกัยส์งูเขา้ไปจะมจีดุสว่างขึน้ทีฉ่ากเรอืงแสงทัง้สอง  และเบีย่งเบนในสนามแม่เหลก็เขา้
หาขัว้ลบ  ซึง่ตรงขา้มกบัรงัสคีาโทด  แสดงว่ารงัสทีีพุ่่งมาที่ฉาก B  ต้องประกอบดว้ยอนุภาคที่มี
ประจุไฟฟ้าบวก  เพราะเคลื่อนทีจ่ากอาโนดไปยงัคาโทด  ผ่านรเูลยไปยงัฉาก B  ดา้นหลงัคาโทด  
และเบี่ยงเบนเข้าหาขัว้ลบ  เมื่อเปลี่ยนชนิดก๊าซในหลอด  พบว่าอตัราส่วนประจุต่อมวลไม่คงที่
ขึ้นกบัชนิดของก๊าซ  แต่ถ้าใช้ก๊าซชนิดเดยีวกนัแม้จะเปลี่ยนชนิดของโลหะคาโทดพบว่าผลการ
ทดลองไม่เปลีย่นแปลง  เมื่อใชก๊้าซไฮโดรเจนบรรจุในหลอดพบว่า  อนุภาคบวกทีไ่ดม้ปีระจุเท่ากบั
ประจขุองอเิลก็ตรอน  เรยีกอนุภาคบวกทีเ่กดิจากก๊าซไฮโดรเจนว่าโปรตอน 
  

ดาลตนั (Dalton) 
1803-1805 
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การหาประจขุองอเิลก็ตรอน 
 มลิลิแกน  นักวิทยาศาสตร์ชาวอเมรกิัน  เป็นผู้สามารถทําการทดลองหาค่าประจุของ
อเิลก็ตรอน โดยวธิ ีหยดน้ํามนั        ( Oil-drop )  พบว่าประจุบนเมด็น้ํามนัมคี่าเป็นเลขจาํนวนเตม็
เป็นจาํนวนเท่าของ  1.60 x 10-19 คูลอมบ ์ นัน่คอื  Q  =  ne   ตวัเลขจาํนวนเตม็ทีแ่สดงเป็น
จาํนวนเท่าของ 1.60 x 10-19  คลูอมบ ์ หรอืค่า n  ใด ๆ  คอืจาํนวนอเิลก็ตรอนทีเ่มด็น้ํามนัจบัไว้ 
 จากการทดลองของทอมสนั  สามารถหาค่า  อตัราส่วนของประจตุ่อมวลของอเิลก็ตรอนได้ 
  จาก  e/m = 1.7  x  108  คลูอมบ/์กรมั 
          e = 1.60 x 10-19  คลูอมบ ์ 
    m = 9.41  x  10-28  กรมั 
 

                                           
                                         รปู 1-2 นการทดลองหาประจขุองอิเลดกตรอ   

   (ท่ีมา: http://millikan.nbaoh.com/1.htm) 
 

 สรุปแบบจําลองอะตอมของทอมสันมีลักษณะเป็นทรงกลมของอนุภาคบวกแล้วมี
อเิลก็ตรอนกระจายอยูภ่ายในทรงกลมนัน้เหมอืนกบัขนมพุดดิง้ของชาวองักฤษ 
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ทอมสนั (Thomson) 
1903 

รปูท่ี 1-3 แบบจ าลองอะตอมของทอมสนั 
(ท่ีมา: http://pages.uoregon.edu/ch111/L5.htm) 

 
 
แบบจ าลองอะตอมของรทัเทอรฟ์อรด์ 
 รทัเทอรฟ์อรด์  นกัวทิยาศาสตรช์าวนิวซแีลนดไ์ดท้ําการทดลองในองักฤษรว่มกบั เอม  
ไกเกอร ์และมารส์เคน  โดยทาํการยงิอนุภาคแอลฟาผ่านแผ่นโลหะทองคาํบาง ๆ  พบว่า   
อนุภาคแอลฟาส่วนใหญ่เดนิทางเป็นเสน้ตรงทะลุผ่านแผ่นทองคาํออกไปได ้ แต่มบีางอนุภาคที ่
เฉออกจากเสน้ทางเดมิ  และบางอนุภาคสะทอ้นกลบัจากเสน้ทางเดมิเมือ่กระทบกบัแผ่นทองคาํ 
ซึง่สรปุว่า  การทีอ่นุภาคแอลฟาซึง่มปีระจุบวกและมมีวลมากสามารถทะลุผ่านแผ่นโลหะบาง ๆ   
ไดน้ัน้  แสดงว่าอะตอมไมใ่ช่ของแขง็ทบึตนั  นัน่คอื  อะตอมจะตอ้งมทีีว่่างอยู่ภายใน  มิฉะนัน้ 
อนุภาคแอลฟาจะตอ้งออกทุกทศิทางทุกๆ อนุภาคทีผ่่านแผ่นทองคําบางนัน้  แสดงว่า  ภายใน 
อะตอมจะตอ้งมอีนุภาคทีม่มีวลมาก  และมปีระจบุวกสงูมขีนาดเลก็  ซึง่จะมอียูไ่มม่ากนกัเมือ่ 
เทยีบกบัขนาดของอะตอม  เพราะเมือ่อนุภาคแอลฟาซึง่มปีระจบุวกผ่านเขา้ใกลอ้นุภาคนี้กจ็ะผลกั 
ใหเ้บนออกจากเสน้ทางเดมิ  การทีอ่นุภาคแอลฟาหกัเหสะทอ้นกลบัไปทางดา้นหน้าของแผ่นทองคาํ 
ไดน้ัน้  แสดงว่า  ภายในอะตอมตอ้งมแีก่นกลางซึง่มมีวลมากและมปีระจบุวกสงู 
 
 การคน้พบนิวตรอน 
  เจมส ์ชาดวกิ  นกัวทิยาศาสตรช์าวองักฤษ  คน้พบอนุภาคทีไ่ม่มปีระจแุต่มมีวล
ใกลเ้คยีงเกอืบเท่ากบัโปรตอน  ชาดวกิเรยีกอนุภาคนี้ว่านิวตรอน 
  
 สรปุแบบจาํลองอะตอมของรทัเทอรฟ์อรด์  พบว่าในอะตอมส่วนใหญ่เป็นทีว่่างไมไ่ดม้กีาร
กระจายตวัของประจบุวก  แต่ประจบุวกของอะตอมนัน้น่าจะอยูร่วมกนัอย่างหนาแน่นในแกนกลาง
ของอะตอมซึง่รทัเทอรฟ์อรด์เรยีกว่านิวเคลยีส  ต่อมาพบว่าอนุภาคบวกในนิวเคลยีสนัน้คอืโปรตอน
โดยแต่ละโปรตอนจะมปีระจุเท่ากบัอเิลก็ตรอนแต่มเีครือ่งหมายตรงกนัขา้มและมมีวล  1.67 x 10-24 
g  หรอืประมาณ  1840  เท่าของอเิลก็ตรอน 
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รทัเทอรฟ์อรด์ (Rutherford) 
1911 

รปูท่ี 1-4 แบบจ าลองอะตอมของรทัเทอรฟ์อรด์ 
                                           (ท่ีมา: http://pages.uoregon.edu/ch111/L5.htm) 
 
4.  กิจกรรมการเรียนการสอน 
 4.1 ขัน้นําเขา้สู่บทเรยีน 
  ครูยกตัวอย่างคําคม/ข้อคิดก่อนเรียนของนักเรียนที่เคยเรียนรายวิชาเพิ่มเติม          
ว 40234 จรยิธรรมทางวทิยาศาสตร์ ที่ว่า “หากวิทยาศาสตร์ก่อให้เกิดเทคโนโลยีแล้ว 
จริยธรรมกจ็ะก่อให้เกิดการน าเทคโนโลยีมาใช้ให้เกิดประโยชน์ต่อสรรพสิง่”  (ศรตุย ์ กฤษ
ด า ม. 5/4) แลว้ใหน้กัเรยีนวเิคราะห ์
 4.2 ขัน้สอน 
  4.2.1 นักเรยีนแต่ละกลุ่มศึกษาแบบจําลองอะตอมในเอกสารประกอบการเรยีน 
ช่วยกันวเิคราะห์ จากนัน้นักเรยีนและครูร่วมกันสรุปแนวคดิจากการดูวิดทีศัน์ เรื่อง หลอดรงัสี
แคโทด การทดลองหาค่าประจุของอเิลก็ตรอนจากหยดน้ํามนัของมลิลแิกน แบบจาํลองอะตอมของ
รทัเทอรฟ์อรด์ 
  4.2.2 ครยูกประเดน็กรณีศกึษาของมลิลแิกน โดยใช ้Power Point ประกอบ และให้
ขอ้มลูเพิม่เตมิในประเดน็ทีเ่ป็นขอ้ถกเถยีงทางจรยิธรรมในการทดลองของมลิลแิกน แลว้ใหน้ักเรยีน
จบัคู่กนัวเิคราะห ์และขออาสาสมคัรออกมาแสดงความคดิเหน็หน้าชัน้เรยีน  
  4.2.3 นักเรยีนและครูร่วมกันอภิปราย เปรยีบเทยีบแบบจําลองต่างๆที่ได้ศึกษา 
รวมถงึการคน้พบอนุภาคต่างๆดว้ย พรอ้มทัง้ใหน้กัเรยีนซกัถามขอ้สงสยัและทาํแบบฝึกหดัเพิม่เตมิ 
 4.3 ขัน้สรปุ 

     นักเรยีนและครูร่วมกนัสรุปแนวคิดของแบบจําลองอะตอมของดาลตนั ทอมสนัและ
รัทเทอร์ฟอร์ด พร้อมกระตุ้นให้นักเรียนหาข้อมูลเพิ่มเติมเกี่ยวกับการเปลี่ยนแปลงไปของ
แบบจําลองอะตอมในปจัจุบัน แล้วแจ้งเรื่องแบบทดสอบย่อยเก็บคะแนน เรื่อง จริยธรรมทาง
วทิยาศาสตร์: กรณีศกึษาการทดลองหยดน้ํามนัของมลิลแิกนเป็นงานกลุ่ม โดยให้ไปศกึษาและ
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เตรยีมตวันําเสนอในครัง้ถดัไป พรอ้มทัง้กระตุน้ใหน้กัเรยีนอ่านหนงัสอืเรือ่งทีจ่ะเรยีนในครัง้ถดัไปมา
ล่วงหน้า และหากมปีญัหาเรือ่งการเรยีนกส็ามารถมาพดูคุยปรกึษากบัครไูด ้
 
5.  ส่ือการเรียนการสอน / แหล่งเรียนรู้ 

5.1  Power Point 
5.2  เอกสารประกอบการสอน 
5.3  เวบ็ไซตป์ระกอบการสอน 
5.4  แบบฝึกหดั 
5.5  ใบงาน  เรือ่ง จรยิธรรมทางวทิยาศาสตร ์: กรณศีกึษาการทดลองของมลิลแิกน 

 
6.  การประเมินผล / เครื่องมือ 
 6.1  แบบทบทวนไตรต่รองแผนการจดัการเรยีนรูส้ําหรบัครู 
 6.2  แบบประเมนิการบา้น/ใบงาน 
 
7.  กิจกรรมเสนอแนะ 
……………………………………………………………………………………………………………
………………………..………………………………………………………………………………….. 
 
8.  ข้อเสนอแนะของหวัหน้าสถานศึกษาหรือผูท่ี้ได้รบัมอบหมาย 
………………………………………………………………………………..…………………………
…………………………………………………………………………………………………………… 
        

ลงชื่อ…………………………….……….  
        ( นายวชริศรณ์  แสงสุวรรณ ) 
                                                                    ครวูชิาการ สาขาวชิาเคม ี
                                                               วนัที…่……เดอืน……………พ.ศ……… 
9. บนัทึกหลงัการสอน: 
……………………………………………………………………………………………………………
…………………………………………………………………………………………………………… 
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Appendix B 
แบบสาํรวจความคดิเหน็ของนกัเรยีนวทิยาศาสตรเ์กี่ยวกบัจรยิธรรมทางวทิยาศาสตร์ 

แบบสาํรวจความคดิเหน็ของครวูทิยาศาสตรเ์กีย่วกบัจรยิธรรมทางวทิยาศาสตร์ 
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‚Survey of Science Students’ Opinions on Learning Ethics in a Science Classroom‛ 
 This study aims to collect preliminary data on science students’ opinions on 
learning ethics in a science classroom, and to continue preparing for the next phase of 
research based on the preliminaries. This research is conducted in partial fulfillment of the 
requirements for the Doctoral of Education degree in Science Education at Srinakharinwirot 
University. 
 This questionnaire consists of four major parts: 
 Part A  Personal data of respondent  
 Part B      School’s ethics learning in general 
 Part C  Respondent’s ethics learning in the science classroom 
 Part D  Respondent’s opinion on learning ethics in the science classroom 
 Your response is voluntary and all information will be kept strictly confidential. The 
information collected in this questionnaire will be only used for research statistical purposes. 
Therefore, your participation in this survey provides valuable benefits to my research study 
and also to scientific ethics education at large. 
 
 The researcher is grateful for your cooperation in taking the survey. 

 
 
 

Washirasorn  Saengsuwan 
Researcher 
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Instruction:  Please put √ in the parentheses and specify the answer (if any) that shows 
the appropriate response(s). 
Part A  : Personal data of respondent 

1.   Gender   (    ) Male  (    ) Female 
2.   Age ….. years 

Part B : School’s ethics learning in general 
1. Please choose from the following principles of scientific ethics the five that 

you think are most important and rank them in order of important. Put the No.1-5 in the 
parentheses in front of the principles (Given: 1 is the most important principle).  

 
Principles of ethics 

in science 
Descriptions 

  (    ) Honesty 
“Scientists should not fabricate, falsify, or misrepresent data or results. 
They should be objective, unbiased, and trustful in all aspects of the 
research process.” 

  (    ) Carefulness 
“Scientists should avoid errors in research, especially in presenting 
results. They should minimize experimental, methodological, and 
human errors and avoid self-deception, bias, and conflicts of interest.”  

  (    ) Openness 
“Scientists should share data, results, methods, ideas, techniques, and 
tools. They should allow other scientists to review their work and be 
open to criticism and new ideas.”  

  (    ) Freedom 
“Scientists should be free to conduct research on any problem or 
hypothesis. They should be allowed to pursue new ideas and criticize 
old ones.”  

  (    ) Credit 
“Credit should be given where credit is due but not where it is not 
due.” 

  (    ) Education 
“Scientists should educate prospective scientists and insure that they 
learn how to conduct good science. Scientists should educate and 
inform the public about science.” 

  (    ) Social 
Responsibility 

“Scientists should avoid causing harm to society and they should 
attempt to produce social benefits. Scientists should be responsible for 
the consequences of their research and they should inform the public 
about those consequences.” 

 

 



144 

 

Principles of ethics 
in science 

Descriptions 

  (    ) Legality 
“In the process of research, scientists should obey the laws pertaining 
to their work.” 

  (    ) Opportunity 
“Scientists should not be unfairly denied the opportunity to use 
scientific resources or advance in the scientific profession.” 

  (    ) Mutual 
Respect 

“Scientists should treat colleagues with respect.” 

  (    ) Efficiency “Scientists should use resources efficiently.” 

  (    ) Respect for 
Subjects 

“Scientists should not violate rights or dignity when using human 
subjects in experiments. Scientists should treat non-human, animal 
subjects with appropriate respect and care when using them in 
experiments.” 

 
2. According to the table above, what level of understanding of ethics in 

science do you think you have? 
(    )  Very high   (    )  High   (    )  Moderate   (    )  Low   (    )  None at all 
3. To what extent do you think ethics in science is important for science 

students or scientists? 
(    )  Strongly important    (    ) Very important    (    ) Somewhat important 
(    )  Hardly important     (    ) Not at all 
Why? 
…………………………………………………………………………………………… 
4. To what extent do you think you are interested in studying ethics in 

science? 
(    )  Very high   (    ) High   (    ) Moderate   (    ) Low   (    ) None at all 

 
Part C: Respondent’s ethics learning in the science classroom 

1. Have you ever learned ethics in a science classroom? 
(    ) Yes 
(    ) No 
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If yes, in what way have you 
learned it? 
)choose all that apply) 

If no, but you’re interested in learning ethics in 
science classes. In what way would you like to 
learn? )choose all that apply) 

(    )  Formal lecture 
(    )  Having a visiting speaker 
(    )  Open informal discussion/ 
small-group discussions/debates 
(    ) Issue-based learning 
(    )  Inquiry-based learning 
(    )  Assigned reading and 
papers 
(    )  Optional reading 
(    )  Simulation/ Role-playing / 
Drama project 
(    )  Case study analysis  
(    )  Narrative pedagogy/ journal/ 
essay writing/stories written 
(    )  Watching/ editing TV news 
video 
(    )  Painting and cartoons 
(    )  Small group research and 
seminar presentations 
(    )  Science fiction 
(    )  Games 
(    )  Other )please specify): 
.......................................................
....... 

(    )  Formal lecture 
(    )  Having a visiting speaker) 
(    )  Open informal discussion/ small-group 
discussions/debates) 
(    ) Issue-based learning 
(    ) Inquiry-based learning 
(    )  Assigned reading and papers 
(    ) Optional reading 
(    ) Simulation/ Role-playing / Drama project 
(    )  Case study analysis 
(    )  Narrative pedagogy/ journal/ essay 
writing/stories written 
(    )  Watching/ editing TV news video 
(    )  Painting and cartoons 
(    )  Small group research and seminar 
presentations 
(    )  Science fiction 
(    )  Games 

   (    )  Other )please specify): 
..............................................................................
......... 

              
 Again, if yes, how satisfied were you with your learning of ethics in the class? 
 (    ) Very satisfied     (    ) Moderately satisfied       (    ) Satisfied 
 (    ) Dissatisfied    (    ) Very dissatisfied 
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2. Have you ever learned about the following issues in your class? (Choose all 
that apply) 

(    )  A variety of prominent ethical principles 
(    )  General consequences of research on the individual or society 
(    )  Consideration for diversity of values and beliefs 
(    )  Awareness of the foundations for personal opinions (biases) 
(    )  Defending one’s personal stance on issues 
(    )  Your own personal beliefs 
(    )  None at all 

 
Part D: Respondent’s opinion on learning ethics in the science classroom 

1. Do you think there should be an academic requirement of ethics for science 
students? 

(    ) Yes 
(    ) No 
  If Yes, it should be 
   (    ) In the core curriculum requirements for all students 
   (    ) In the elective courses for the students who are interested in it 
   (    ) Other (please specify):  
2. What kind of pedagogical methods of ethics are you interested in? (Choose 

all that apply) 
(    ) Group discussion 
(    ) Web-based instruction 
(    ) Inside and outside classroom 
(    ) Several different kinds of activity 
(    ) Other )please specify): ........................................................................................ 
3. Do you think the combination of face-to-face and web-based instruction would 

be an appropriate pedagogical method for learning ethics? 
(    ) Appropriate           (    ) Inappropriate        (    ) Not sure 
If appropriate, what should the website look like and what should the components 

be? 
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The website should (choose all that apply); 
 (    )  Look fashionable and interesting 
 (    )  Have various components 
 (    )  Be easy to access and use 
 (    )  Be easy to learn anywhere anytime 
 (    )  Other )please specify): ............................................................................... 
The components of the website should be (choose all that apply) 
 (    )  Course syllabus 
 (    )  Lesson plans 
 (    )  Learning materials  
 (    )  Roster 
 (    )  Assignments 
 (    )  Grade book 
 (    )  News and announcements 
 (    )  Resources or related websites 
 (    )  Web board or chat room 
 (    )  Moral music or songs 
 (    )  Other )please specify): .............................................................................. 
4. Do you think there should be enhancement of any skills for students? (choose 

all that apply) 
 (    ) Analytical thinking skills   (    ) Creative thinking skills 
 (    ) Practical thinking skills            (    ) Ethical thinking skills 
 (    ) Other (please specify): 
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Thank you for completing the questionnaire. 
 

Thank you for taking your valuable time to complete this questionnaire. Please 
return the completed form in the envelope provided. 

If you have any questions or comments about this survey, please contact me at 
086-6016816 or by e-mail at washi15@live.com 

 

Comments or suggestions about this survey 
 
 
 
 
 
 
 
 
 
 

1. The questionnaire collected should be returned to me by March7, 2008. 
2. Results of the survey can be found on SWU Science Education Center’s 

website at http://sciedcenter.swu.ac.th/content/index_th.html 
 
 
My mailing address is: 
 Washirasorn  Saengsuwan 
 Science Education Center 
 Srinakharinwirot University 
 Sukhumvit 23, Wattana 
 Bangkok, 1011 
 
 
 
 
 
 
 

mailto:washi15@live.com


149 

 

‚Survey of Science Teachers’ Opinions on Teaching Ethics in a Science Classroom‛ 
 This study aims to collect preliminary data on science teachers’ opinions on 
teaching ethics in a science classroom, and to continue preparing for the next phase of 
research based on the preliminaries. This research is conducted in partial fulfillment of the 
requirements for the Doctoral of Education degree in Science Education at Srinakarinwirot 
University. 
 This questionnaire consists of four major parts: 
 Part A  Personal data of respondent 
 Part B      School’s ethics learning in general 
 Part C  Respondent’s ethics learning in the science classroom 
 Part D  Respondent’s opinion on learning ethics in the science classroom 
  
 Your response is voluntary and all information will be kept strictly confidential. The 
information collected in this questionnaire will be only used for research statistical purposes. 
Therefore, your participation in this survey provides valuable benefits to my research study 
and also to scientific ethics education at large. 
 
 The researcher is grateful for your cooperation in taking the survey. 

 
Washirasorn  Saengsuwan 

Researcher 
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Instruction:  Please put √ in the parentheses and specify the answer (if any) that shows 
the appropriate response(s). 
 
Part A  : Personal data of respondent 

1. Gender  (    ) Male  (    ) Female 
2. Age  (    )  20-25   (    )  26-30 

    (    )  30-35   (    )  36-40 
    (    )  More than 40 

3. Level of education 
    (    )  Bachelor’s degree 
    (    )  Master’s degree  
    (    )  Doctoral degree 
    (    )  Others )please specify):  .......................................................... 

4. Years of teaching experience 
    (    )  1-5 
    (    )  6-10 
    (    )  More than 10 

5. Field of subject 
    (    )  Chemistry 
    (    )  Biology 
    (    )  Physics 

6. Grade of teaching 
    (    )  MS. 4 (Grade 9) 
    (    )  MS.5 (Grade 10) 
    (    )  MS. 6 (Grade 11) 

7. Have you ever studied/ been trained/ attended a seminar or conference on 
ethics in science before? 

     (    )  Yes, I have 
     (    )  Never 
  If yes, 
   How many times, (approximately)? 
     (    )  1-5    (    ) 5-10  (    ) More than 10 
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   Overall, how satisfied were you with the activities you attended? 
    (    ) Very satisfied (    ) Moderately satisfied 
    (    )   Satisfied    (    ) Dissatisfied      (    ) Very dissatisfied 

 
Part B: School’s ethics learning in general 

1. Does your school offer courses in ethics to students? 
(    ) Yes, including one course focusing on science and ethics. 
(    ) Yes, but not including any that focus on science and ethics. 
(    )  No, it does not offer any. 

2. Does the school have core requirements that include some ethical component 
for all students? 

(    ) Yes, the students are required to take a specific course(s) relating to 
ethics. 
(    ) Yes, the students have a choice of specific courses related to ethics. 
(    ) Yes, the students have a choice of many courses that fulfill a broad 
requirement 
(    ) Yes, the students are required to attend some non-classroom activity. 
(    ) No 
(    ) Others (please specify) : …………………………………………………….. 

 
Part C: Respondent’s ethics learning in the science classroom 

1. Do you incorporate ethics into the science classroom? 
(    ) Yes 
(    ) No 
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If yes, how do you introduce it to the class? 
)choose all that apply) 

If no, but you’re interested in doing so, how 
would you introduce it to the class? )choose 
all that apply) 

(    )  Formal lecture 
(    )  Having a visiting speaker 
(    )  Open informal discussion/ small-   
        group discussions/debates 
(    )  Issue-based learning 
(    )  Inquiry-based learning 
(    )  Assigned reading and papers 
(    )  Optional reading 
(    )  Simulation/ Role-playing / Drama   
         Project 
(    )  Case study analysis  
(    )  Narrative pedagogy/ journal/ essay   
        writing/stories written 
(    )  Watching/ editing TV news video 
(    )  Painting and cartoons 
(    )  Small group research and seminar  
        presentations 
(    )  Science fiction 
(    )  Games 
(    )  Other )please specify): 
.................................................................. 

(    )  Formal lecture 
(    )  Having a visiting speaker 
(    )  Open informal discussion/ small- 
        group discussions/debates 
(    )  Issue-based learning 
(    )  Inquiry-based learning 
(    )  Assigned reading and papers 
(    )  Optional reading 
(    ) Simulation/ Role-playing / Drama  
        project 
(    ) Case study analysis 
(    )  Narrative pedagogy/ journal/ essay  
        writing/stories written 
(    )  Watching/ editing TV news video 
(    )  Painting and cartoons 
(    )  Small group research and seminar  
        presentations 
(    )  Science fiction 
(    )  Games 

   (    )  Other )please specify): 
......................................................................... 

 
 Again, if yes, how satisfied were you with your introduction of ethics in the class? 
  (    ) Very satisfied     (    ) Moderately satisfied       (    ) Satisfied         
  (    ) Dissatisfied     (    ) Very dissatisfied 

2. Does the main assigned textbook(s) for your class include ethical issues? 
(    )  Yes, in the main body of the text. 
(    )  Yes, in a special section separated from the main body of the text 
(    )  No, not at all 
(    )  Other )please specify):  ............................................................................. 
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3. Do you incorporate extra materials into the lesson aside from the assigned 
textbook that specifically focus on ethical issues? 

(    )  Yes 
(    )  No 

4. Do you cover any of the following issues in your class? (choose all that apply) 
(    )  A variety of prominent ethical principles 
(    )  General consequences of research on the individual or society 
(    )  Consideration for diversity of values and beliefs 
(    )  Awareness of the foundations for personal opinions (biases) 
(    )  Defending one’s personal stance on issues 
(    )  Your own personal beliefs 
(    )  None 

5. Approximately what percentage of your class time is devoted to ethical issues? 
(    )  None 
(    )  < 1% 
(    )  1-5% 
(    ) 6-20% 
(    ) > 20% 

6. Do ethics components of the class count towards the students’ grades? 
(    ) Yes 
(    ) No 
  If Yes, what are those grades based on (choose all that apply)? 
   (    )  Exams 
   (    )  Participation in discussion 
   (    )  Papers/assignments 
   (    )  Other (please specify):  .................................................................. 

7. Do you include as much coverage of ethical issues in your course as you 
think should be included? 

(    ) Yes    (    ) No 
  If Yes, what level do you think that is? 
   (    ) Very high (    ) High  (    ) Intermediate  (    ) Low  (    ) Very low 
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 If No, why do you think that is? (Choose all that apply) 
   (    ) Lack of class time for ethical issues 
   (    ) Lack of preparing time for ethical issues 
   (    ) Uncomfortable, lack of knowledge and resources on the subject 
   (    ) Not interested in it and it’s not necessary to teach 
   (    ) Other (please specify): .................................................................... 

 
Part D: Respondent’s opinion on learning ethics in the science classroom 

1. Do you think science students should be exposed to ethical issues? 
 (    ) Yes, in the science classroom 
 (    ) Yes, in a class with a specific science and ethics focus 
(    ) Yes, in unrelated ethics courses offered by the school 
(    ) Yes, but in some other way (please specify) 
(    ) No, not at all 

2. Do you think there should be an academic requirement of ethics for science 
students? 
(    ) Yes 
(    ) No 
  If Yes, it should be 
   (    ) In the core curriculum requirements for all students 
   (    ) In the elective courses for the students who are interested in it 
   (    ) Other (please specify): .................................................................... 

3. Do you think there should be enhancement of any skills for students? (choose 
all that apply) 

  (    ) Analytical thinking skills  (    ) Creative thinking skills 
  (    ) Practical thinking skills  (    ) Ethical thinking skills 

(    ) Other (please specify): ................................................................................. 
4. Please choose from the following principles of scientific ethics the five that you 

think are most important, and rank them in order of importance. Put the No.1-5 in the 
parentheses in front of the principles (Given: 1 is the most important principle).  
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Principles of ethics 
in science 

Descriptions 

  (    ) Honesty 
“Scientists should not fabricate, falsify, or misrepresent data or results. 
They should be objective, unbiased, and trustful in all aspects of the 
research process.” 

  (    ) Carefulness 
“Scientists should avoid errors in research, especially in presenting 
results. They should minimize experimental, methodological, and 
human errors and avoid self-deception, bias, and conflicts of interest.”  

  (    ) Openness 
“Scientists should share data, results, methods, ideas, techniques, and 
tools. They should allow other scientists to review their work and be 
open to criticism and new ideas.”  

  (    ) Freedom 
“Scientists should be free to conduct research on any problem or 
hypothesis. They should be allowed to pursue new ideas and criticize 
old ones.”  

  (    ) Credit 
“Credit should be given where credit is due but not where it is not 
due.” 

  (    ) Education 
“Scientists should educate prospective scientists and insure that they 
learn how to conduct good science. Scientists should educate and 
inform the public about science.” 

  (   ) Social 
Responsibility 

“Scientists should avoid causing harm to society and they should 
attempt to produce social benefits. Scientists should be responsible for 
the consequences of their research and they should inform the public 
about those consequences.” 

  (    ) Legality 
“In the process of research, scientists should obey the laws pertaining 
to their work.” 

  (    ) Opportunity 
“Scientists should not be unfairly denied the opportunity to use 
scientific resources or advance in the scientific profession.” 

  (    ) Mutual 
Respect 

“Scientists should treat colleagues with respect.” 

  (    ) Efficiency “Scientists should use resources efficiently.” 

  (    ) Respect for 
Subjects 

“Scientists should not violate rights or dignity when using human 
subjects in experiments. Scientists should treat non-human, animal 
subjects with appropriate respect and care when using them in 
experiments.” 
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5. What kind of pedagogical methods for teaching ethics are you interested in? 
(Choose all that apply) 

(    ) Group discussion 
(    ) Web-based instruction 
(    ) Inside and outside classroom 
(    ) Several different kinds of activity 
(    ) Other )please specify): ................................................................................. 
 

6. Do you think the combination of face-to-face and web-based instruction would 
be an appropriate pedagogical method of ethics? 

(    ) Appropriate  (    ) Inappropriate        (    ) Not sure 
  If appropriate, what should the website look like and what should the 

components be? 
  The website should (choose all that apply); 
   (    )  Look fashionable and interesting 
   (    )  Have various components 
   (    )  Be easy to access and use 
   (    )  Be easy to learn anywhere anytime 
   (    )  Other )please specify): .................................................................... 
  The components of the website should be (choose all that apply) 
   (    )  Course syllabus 
   (    )  Lesson plans 
   (    )  Learning materials  
   (    )  Roster 
   (    )  Assignments 
   (    )  Grade book 
   (    )  News and announcements 
   (    )  Resources or related websites 
   (    )  Web board or chat room 
   (    )  Moral music or songs 
   (    )  Other )please specify): .................................................................... 
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7. If there will be a training workshop or seminar on pedagogical methods of 
ethics for science teachers, will you be participating?  

(    )  Yes 
  Why? (Please specify): 
............................................................................................................................... 
(    )  No 
  Why not? (Please specify): 
................................................................................................................................ 
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Thank you for completing the questionnaire. 
 
 Thank you for taking your valuable time to complete this questionnaire. Please 
return the completed form in the envelope provided. 
 If you have any questions or comments about this survey, please contact me at 
086-6016816 or by e-mail at washi15@live.com 

 
Comments or suggestions about this survey 
 
 
 
 
 
 
 

1. The questionnaire collected should be returned to me by March7, 2008. 
2. Results of the survey can be found on SWU Science Education Center’s 

website at http://sciedcenter.swu.ac.th/content/index_th.html 
 
 
 
My mailing address is: 
 Washirasorn  Saengsuwan 
 Science Education Center 
 Srinakharinwirot University 
 Sukhumvit 23, Wattana 
 Bangkok, 10110 
 
 
 
 
 
 
 
 
 
 

mailto:washi15@live.com
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APPENDIX C 
แบบทดสอบวดัความรูแ้ละความเขา้ใจเรือ่งจรยิธรรมทางวทิยาศาสตร ์)ก่อนเรยีนและหลงัเรยีน) 

แบบสอบถามความคดิเหน็ของนกัเรยีนต่อจรยิธรรมทางวทิยาศาสตร์ 
แบบประเมนิทกัษะการคดิเชงิปฏบิตัขิองนกัเรยีน )ก่อนเรยีนและหลงัเรยีน) 
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Ethics in Science  

Fundamental Chemistry (SC 40131) Grade 10 
                                                 1st Semester, Academic year 2009 
Name ...............................................................................       No. .................    
Instruction 

1. Answer all questions completely 
2. This is an five-essay exam with 15 points 
3. Time allotted for this exam is approximately 20 minutes 
4. The answers can be written in this exam paper 

 
1. What is scientific ethics? Please explain (2) 
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………… 
2. How many principles of scientific ethics are there? Please specify (6) 
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
…………………………………………………..………………………………………………………………………
…………………………………………………………………………………………………………………………… 
 
3. According to the logo given below, how do you think science and ethics are related? (1) 

 

…………………………………………………………………………………
…………………………………………………………………………………
…………………………………………………………………………………
…………………………………………………………………………………
………………………………………………………………………………… 
 

 
 

From: Mr. Katika Akkasilk M. 4/9 award-winning logo in an elective course, scientific ethics 
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4. Using human and animals as subjects in testing chemicals or drugs in medication should be 
performed correspond to the principle of ethics in science. Explain and give two examples both of the 
principle of conduct on human and animals. (2) 
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………… 
5. Co-discovery is the situation in which two or more of scientists came up with the same ideas at the 
same time or accidentally. This occurs quite often in science and it’s not plagiarism. Even though co-
discoverers may be accused as an intellectual theft to each other, for example, Darwin knew that 
Wallace also came up with the theory of natural selection as he did. They both agreed to announce the 
theory together as co-discovery.  
      5.1 Do you think which principle of scientific ethics is best correspond to this story? (1) 
……………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………… 
      5.2 Do you agree with the action of both scientists? Please explain. (1) 
……………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………… 
      5.3 Assuming that you and your friend have discovered a new element which is element No. 130. 
Your friend claimed that he was the first one to discover the element. What should you do? And why you 
made that decision? (2) 
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………. 
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The questionnaire of students’ opinions on ethics in science  

Name ............................................................  Room ........... .....  No. .................. 
Instruction: 
 This questionnaire is designed to help researcher gain some insight on how 
students express their opinion on ethics in science. Please consider the statements given 
below, and then put / in the blank on the right side of table that best describes your feeling 
or opinions about the statement. Your answers are not either right or wrong and will not 
affect to your grade in this course.  
 Level of evaluation on each statement as follows, 
  5  : You strongly agree with the statement 
  4 : You agree with the statement 
  3   : You neutral with the statement 
  2   : You disagree with the statement 
  1  :  You strongly disagree with the statement 
  
 Example of evaluation 

  

Item Statement 
Strongly 

agree 
 (5) 

Agree 
(4) 

Neutral 
(3) 

Disagree 
(2) 

Strongly 
disagree 

(1) 

I 
I always like studying 
science in new 
perspectives. 

 
/ 
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No. Statement 
Strongly 

agree 
 (5) 

Agree 
(4) 

Neutral 
(3) 

Disagree 
(2) 

Strongly 
disagree 

(1) 

1 
I always like studying 
science in new perspectives. 

     

2 
I think that science and 
ethics are related. 

     

3 
I’m interested in and curious 
about how I will be a good 
scientist.  

     

4 
I understand ethics in 
science well.  

     

5 
I think that study ethics in 
science would be the basis 
of becoming a good scientist.  

     

6 
I would like to be a good, 
ethical, and role model 
scientist to other ones.  

     

7 
Study of behaviors and 
characteristics of ethical 
scientist is interesting.  

     

8 

I think that all science 
students should study about 
ethics in science as a basis 
for studying other science 
subjects.  

     

9 
I think ethics in science is 
difficult and boring to study.  

     

10 

Studying ethics in science 
helps me open up my point 
of view on another side of 
science that I have never 
known before. 
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No. 

 
Statement 

Strongly 
agree 
 (5) 

Agree 
(4) 

Neutral 
(3) 

Disagree 
(2) 

Strongly 
disagree 

(1) 

11 

Studying ethics in science is 
useful for me to live my daily 
life, further education and 
professional job.  

     

12 

Studying ethics in science 
makes me aware and 
appreciate in the importance 
and value of way of life.  

     

13 

Studying ethics in science 
teaches me that I have to 
make more social 
responsibility.  

     

14 
I’m interested in pursuing my 
career on ethics in science.  

     

15 

Ethics in science is very 
important for science 
student, also scientists in 
different fields of interest.  

     

16 
I would like all schools to 
provide ethics in science in 
science curriculum.  

     

17 

Ethical scientist will help 
society be prosperous, 
livable and make everyone 
live together happily. 
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The questionnaire of students’ evaluation on ethics in science  

(Practical thinking skill)   
 Name ............................................................  Room ...........     No. ............... 
Instruction: 
 This questionnaire is designed to help researcher gain some insight on how 
students’ feeling or acting on ethics in science. Please consider the statements given 
below, and then put / in the blank on the right side of table that best describes your 
feeling or acting about the statement. Your answers are not either right or wrong and will 
not affect to your grade in this course. 
 Level of evaluation on each statement as follows, 
  5  : You strongly agree with the statement 
  4 : You agree with the statement 
  3   : You neutral with the statement 
  2   : You disagree with the statement 
  1  :  You strongly disagree with the statement 
 
Example of Evaluation 
 

No. Statement 
Strongly 

agree 
      (5) 

 Agree 
    (4) 

Neutral 
     (3) 

Disagree 
(2) 

Strongly 
disagree 

(1) 

I 

Honesty 
I draw a conclusion and report 
my result as its real data as 
obtained from an experiment. 

 / 

   

II 

Carefulness 
I conduct an experiment and 
present results by minimizing 
experimental and human error. 

 / 

   

III 

Openness 
I usually would like to share 
data, results, methods or ideas 
with peers.  

/  
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No. Statement 
Strongly 
agree 
(5) 

Agree 
(4) 

Neutral 
(3) 

Disagree 
(2) 

Strongly 
disagree 

(1) 

IV 

Freedom 
I like to be free to conduct 
research on any problem or 
hypothesis. 

/  

   

V 

Credit 
I put my friend’s names who 
are not involved in the 
experiments or group work in 
the report or assignment. 

 / 

   

VI 

Education 
I always teach or explain my 
friend on the topics or 
experiments they don’t 
understand. 

 / 

   

VII 

Social Responsibility 
I will definitely not do any 
science experiment that harm 
school or society. 

 / 

   

VIII 

Legality 
I always do my experiments or 
science project under the code 
of conduct or related standard. 

/  

   

IX 

Opportunity 
I’m not satisfied if It is unfair for 
me in using resources in doing 
science experiment or project. 

 / 

   

X 

Mutual Respect 
I don’t want my peers to harm 
me both physically and 
mentally. 

 / 
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No. Statement 
Strongly 
agree 
(5) 

Agree 
(4) 

Neutral 
(3) 

Disagree 
(2) 

Strongly 
disagree 

(1) 

XI 

Efficiency 
I always use materials and 
chemicals in experiments 
efficiently. (worth, value, and 
most effective). 

 / 

   

XII 
Respect for Subjects 
I will treat animal subjects with 
care and respect. 

/  
   

 

No. Statement 
Strongly 

agree  
(5) 

Agree 
(4) 

Neutral 
(3) 

Disagree  
(2) 

Strongly 
disagree 

(1) 

 
1 

Honesty 
I draw a conclusion and report 
my result as its real data as 
obtained from an experiment. 

     

2 
I don’t fabricate or falsify data 
from experiment in order to get 
the expected result. 

     

3 I ask or copy my friends’ exams.      

 
4 

Carefulness 
I conduct an experiment and 
present results by minimizing 
experimental and human error. 

     

5 
I avoid self-deception and bias in 
experiments.  

     

 
6 

Openness 
I usually would like to share 
data, results, methods or ideas 
with peers.  

     

7 
I would like my peers to be able 
to review my experimental results 
or science project. 
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No. Statement 
Strongly 
agree 
(5) 

Agree 
(4) 

Neutral 
(3) 

Disagree 
(2) 

Strongly 
disagree 

(1) 

8 
I am open to criticism and new 
ideas on my experimental results 
or science project. 

     

9 

I don’t want anybody know 
important data of my results or 
science project that I am doing, 
and not completely finish yet 

     

10 
I don’t want to perceive new ideas, 
methods, or peers.  

     

11 
I like working cooperatively and 
trust the others. 

     

 
12 

Freedom 
I like to be free to conduct 
research on any problem or 
hypothesis.  

     

13 
I like to be free in doing inquiry in 
science for my experiment or 
science project. 

     

14 
If I had a freedom in doing an 
experiment that may harm the 
others, I would do it.  

     

 
15 

Credit 
I put my friend’s names who are 
not involved in the experiments or 
group work in the report or 
assignment. 

     

16 
I agree on the punishment for 
students who copy other students’ 
assignment or plagiarize 

     

 
17 

Education 
I always teach or explain my 
friend on the topics or experiments 
they don’t understand.  
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No. Statement 
Strongly 
agree 
(5) 

Agree 
(4) 

Neutral 
(3) 

Disagree 
(2) 

Strongly 
disagree 

(1) 

18 
I want to make sure that my friends 
always do the good and proper 
experiment.  

     

19 

If you had a change to educate or 
give a seminar or workshop in 
science to community or public, I’m 
willing to do it. 

     

 
 

20 

Social Responsibility 
I will definitely not do any science 
experiment that harm school or 
society. 

     

21 
I will try to bring scientific 
knowledge to make best benefit to 
society.  

     

22 
I will take my responsibility on my 
science experiment or project I have 
conducted.  

     

23 
I will inform public or society knows 
about the scientific results or 
findings.  

     

 
24 

Legality 
I always do my experiments or 
science project under the code of 
conduct or related standard. 

     

25 
I will conduct an experiment with 
high get paid regardless of legality.  

     

26 

I do not use hazardous and 
prohibited chemicals, human and 
animals in experiment if I am not 
legally allowed. 

     

 
27 

Opportunity 
I’m not satisfied if It is unfair for me 
in using resources in doing science 
experiment or project.  
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No. Statement 
Strongly 
agree 
(5) 

Agree 
(4) 

Neutral 
(3) 

Disagree 
(2) 

Strongly 
disagree 

(1) 

28 

I think female scientists should get 
the equal opportunity as well as 
male scientists in doing scientific 
work.  

     

 
29 

Mutual Respect 
I don’t want my peers to harm me 
both physically and mentally. 

     

30 
I respect the privacy of all group 
members. 

     

31 
I won’t get involved in my peers’ 
experiment which can cause 
danger, if not allowed.  

     

 
32 

Efficiency 
I always use materials and 
chemicals in experiments efficiently. 
(Worth, value, and most effective). 

     

33 

I will minimize animals in lab and 
most efficient or I will use other 
subjects instead of animals if 
possible.  

     

34 
I will use resources that can be 
reused. 

     

35 
Respect for Subjects 
I will treat animal subjects with care 
and respect. 

     

36 

I will take good care of animal 
subjects regarding of their welfare 
such as enough space place to live, 
sterile, enough food and water, and 
no torturing.  

     

 

 

 



171 

 

No. Statement 
Strongly 
agree 
(5) 

Agree 
(4) 

Neutral 
(3) 

Disagree 
(2) 

Strongly 
disagree 

(1) 

37 

I don’t think animal subjects 
should be take care much 
because they eventually will be 
killed. 

     

38 

Subjects have their own rights 
to stop or withdraw from 
experiment anytime if they feel 
that they will be harm or killed. 
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Interview on Learning Ethics in Science   

Place: ……………………………………………………………………………………………… 
Interviewer: ………………………………………………………………………………………… 
Interview assistant: ……………………………………………………………………………… 
Interviewee: M. 4/7 (Grade 10) 
Introduction: 
 In the first semester (2009) you have learned a general chemistry which was 
incorporated ethics in science based on the 12 principles of scientific ethics which is 
proposed and defended by David B. Resnik. I would like to interview all of you in order 
to collect data about your opinion on learning ethics in the science classroom. The data 
obtained will be used only for research purposes. This interview does not affect any of 
your scores in class. You can stop providing information for the interview at anytime you 
want. 
 This group interview will take approximately 60 minutes. To get additional data I 
would like to videotape the interview as well. 
We 1. ………………………………………… 2. …………………………………… 
 3. ……………………………………………      4. …………………………………… 
 5. ……………………………………………  6. …………………………………… 
 7. ……………………………………………   8. …………………………………… 
 9. ……………………………………………  10. …………………………………… 
 11. …………………………………………    12. …………………………………… 
 
Agree to be interviewed and videotaped.          M. 4/7 students 
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Questions for Group Interview on Learning Ethics in Science  

 
1. How important do you think ethics in science is for science students? 
 Most important  Very important    Important   Not important  
 Less important 
Why? 
 

2. Do you think science students should learn about scientifically and socially 
questionable issues (this means conflicts or questionable issues of science in 
society) (for example, scientists’ honesty, animal experimental subjects, illegal 
research or experiments)? Why? 
 

3. Do you agree that all science students should be taught about concepts and 
principles of ethics in science in order to use it as a guideline or regulation in 
learning or doing experiments ethically? 
  Agree     Disagree 
Why? 
 

4. If there would be a course of having students understand the concepts and 
principles of ethics in science for all science students, what would you think it 
should be? 
 Taught in incorporated in a general science course  
 Taught in an additional course  
Why? 
 

5. According to chemistry class you have learned in this semester, what do you 
think about the understanding of the concepts and principles of ethics in science? 
 
 
 



174 

 

6. Do you think whether learning science incorporated with ethics helps promote 
and develop the following skills? Explain 
 Practical Thinking Skill   Analytical Thinking Skill 
 Creative Thinking Skill   Communicative Skill 
 

7. Do you think whether learning ethics in science class with the combination of 
face to face and web-based learning is appropriate? How? 
 

8. How do you think about the website corporately used in the chemistry class this 
semester? 

 
9. What do you think this course should improve or develop in order to have more 

effective chemistry class with ethics incorporated? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

…………………………………………………………………………………………………… 
Thank you for your cooperation on the group interview. The information received will be 

used only for research purpose. 
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แบบประเมินพฤติกรรมการเข้ารว่มกิจกรรมของนักเรียน 

ครัง้ท่ี ………        ช่ือกลุม่จริยธรรม …………………………………………   วนัท่ี …………………… 
 

หวัข้อการประเมิน 
ผลการประเมิน 

ดีเย่ียม 
(5) 

ดีมาก 
(4) 

ดี 
(3) 

ปานกลาง 
(2) 

ควรปรบัปรงุ 
(1) 

1.   ความซื่อสตัย ์      
2.   ความรบัผดิชอบ      
3.   ความสนใจใฝรู่ ้สบืคน้ขอ้มลูอย่าง
ถูกตอ้ง 

     

4.   ความรอบคอบ ระมดัระวงัและใช้
สารเคมอีย่างประหยดั 

     

5.   การปฏบิตัติามกฎระเบยีบใน
หอ้งเรยีนและหอ้งทดลอง 

     

6.   ความใจกวา้งและมอีสิรภาพทาง
ความคดิ 

     

7.   การช่วยเหลอืและการแบ่งปนัความรู้
ใหผู้อ้ื่น 

     

8.   ความสามารถในการสือ่สารและความ
อดทนต่อขอ้ขดัแยง้ 

     

9.   โอกาส /การมสีว่นร่วมในการแสดง
ความคดิเหน็ เคารพ และรบัฟงัความคดิ

ของผูอ้ื่น 

     

10.  ความมเีหตุผลและความสามารถใน
การตดัสนิใจอย่างถูกตอ้ง 

     

คะแนนรวม (50 คะแนน)  
คิดเปดนคะแนนจิตพิสยั (10 คะแนน)  

 
หมายเหต ุกลุ่มจรยิธรรมเป็นกลุ่มเดยีวกบักลุ่มทาํการทดลอง เพื่อใหส้ามารถสงัเกตพฤตกิรรมของนกัเรยีนได้
อย่างต่อเนื่องและใชค้ะแนนจากแบบสงัเกตพฤตกิรรมนี้เป็นคะแนนจติพสิยั โดยการประเมนิของผูส้อนและ
นกัเรยีนประเมนิตวัเอง แลว้นํามาหาค่าเฉลีย่ คดิเป็น 10 คะแนน 
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เกณฑก์ารประเมิน 
 0-19    คะแนน   หมายถงึ   ตอ้งปรบัปรุง 
 20-29    คะแนน   หมายถงึ   ปานกลาง 
 30-39    คะแนน   หมายถงึ   ด ี
 40-50    คะแนน   หมายถงึ   ดมีาก 
 
ข้อเสนอแนะ 
………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………… 
        )นายวชริศรณ์ แสงสวุรรณ) 
                          ผูส้งัเกต/บนัทกึ 
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Appendix D 
ตวัอยา่งกรณีศกึษา ใบงานและผลงานนกัเรยีน 
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แบบทดสอบย่อยเกดบคะแนนครัง้ท่ี 1 (Q2) 

โรงเรียนมหิดลวิทยานุสรณ์ (องคก์ารมหาชน) 
รายวิชา เคมีพื้นฐาน ว 30131 

ชื่อ-นามสกุล สมาชกิในกลุ่ม 
 1. ………………………………………………………………  เลขที ่ ……..  ม. 4/7 
 2. ………………………………………………………………  เลขที ่ ……..  ม. 4/7 
 3. ………………………………………………………………  เลขที ่ ……..  ม. 4/7              
 
 

ค าช้ีแจง 
1. ใหน้กัเรยีนในกลุ่มร่วมกนัศกึษา กรณีศกึษาเกีย่วกบัเรื่องราวของวกิเตอร ์นินอฟ (Victor 

Ninov) จากบทความ เรื่อง Scientific Misconduct และ เรื่องอือ้ฉาวลวงโลกวทิยาศาสตร ์ที่
ก าหนดให ้

2. วเิคราะหก์รณีศกึษาแลว้ตอบค าถามลงในใบงานทีก่ าหนดให ้
3. น าเสนอผลงานหน้าชัน้เรยีน (10 คะแนน) ดว้ยรปูแบบการน าเสนอแบบใดกไ็ด ้โดยใชเ้วลา

กลุ่มละประมาณ 5 นาท ีและแลกเปลีย่นความคดิเหน็อกีกลุ่มละประมาณ 5 นาท ี
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ใบงาน 
  

 

                      
               
                        

    
  
 
                      ทีม่า 

http://www.aip.org/png/html/element118.html 
 

จากการวิเคราะหก์รณีของวิกเตอร ์นินอฟ ให้นักเรียนเตรียมน าเสนอโดยการตอบค าถามต่อไปน้ี 
1. ใหน้กัเรยีนสรุปเรื่องราวทีเ่กดิขึน้ทีห่อ้งปฏบิตักิารแห่งชาตลิอวเ์รนซ ์เบริค์ลยี ์(Lawrence 

Berkeley National Laboratory) 
 

2. ใหน้กัเรยีนวเิคราะหก์ารกระท าของ วกิเตอร ์นินอฟ ว่าถูกตอ้งตามหลกัจรยิธรรมทาง
วทิยาศาสตรห์รอืไม่ 

 

3. ถา้หากนกัเรยีนเป็นเพื่อนร่วมทมีวจิยักบัวกิเตอร ์นินอฟ นกัเรยีนจะมคีวามรูส้กึอย่างไรต่อสิง่ที่
เกดิขึน้ 

 

4. สมมตวิ่าเหตุการณ์นี้ เกดิขึน้โดยนกัเรยีนวทิยาศาสตรข์องโรงเรยีนมหดิลวทิยานุสรณ์ นกัเรยีน
คดิว่าจะมผีลกระทบอะไรเกดิขึน้ตามมาบา้ง 

 

5. ใหน้กัเรยีนวเิคราะหข์อ้ดแีละขอ้ดอ้ยของการท างานวจิยัหรอืการท างานเป็นกลุ่ม 
 

6. ประเดน็หรอืหลกัการทางจรยิธรรมทีเ่กดิขึน้จากกรณีศกึษานี้ มอีะไรบา้ง จงอธบิาย 
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                              เร่ืองอื้อฉาวลวงโลกวิทยาศาสตร ์ 

                                                                                       ชยัวฒัน์ คุประตกุล kshaiwat@hotmail.com  
การค้นพบธาตท่ีุ 116 และ 118 ท่ีไม่ใช่ 
 การแขง่ขนัทีห่นกัหน่วง และน าชื่อเสยีงมาใหแ้ก่นกัวทิยาศาสตร ์ผูเ้ป็นคนแรกทีท่ าไดอ้ย่างแน่นอน 
คอืการคน้พบธาตุใหม่  ปี 1999 คณะนักฟิสกิสท์ี ่หอ้งปฏบิตักิารแห่งชาติลอวเ์รนซ ์เบริค์ลยี์ ในแคลฟิอรเ์นีย 
(Lawrence Berkeley National Laboratory in California) ประกาศความส าเรจ็ในการผลติธาตุใหม่ และหนักทีสุ่ด
ทีเ่คยผลติกนัไดม้าก่อน คอืธาตุมเีลขอะตอม (Atomic Number) หรอืจ านวนโปรตอนในนิวเคลยีสของอะตอม 
116 และ 118 โดยวธิยีงิธาตุตะกัว่ดว้ยอะตอมของธาตุครปิทอน (Krypton) มพีลงังานสงู  ล าพงัเพยีงการผลติ
ธาตุที ่116 ได ้กเ็ป็นผลงานยิง่กว่าโบวแ์ดงอยู่แลว้ แต่คณะนักฟิสกิสก์แ็ถมร่องรอยหลกัฐานของธาตุที ่118 อกี
ดว้ย 
 วงการวทิยาศาสตรต์ื่นเตน้กบัความส าเรจ็นี้ รฐัมนตรวี่าการกระทรวงพลงังานของสหรฐัอเมรกิา บลิ 
รชิารด์สนั (Bill Richardson) ถงึกบักล่าวว่า “การคน้พบทีน่่าทึง่นี้ เปิดประตูสู่ความเขา้ใจทีล่กึซึง้ถงึอกีระดบั
หนึ่ง ต่อเรื่องโครงสรา้งนิวเคลยีสของอะตอม แต่แลว้  ในปี 2002 การคน้พบธาตุใหม่หนกัทีส่ดุ คอืธาตุที ่116 และ 
118 กถ็ูกจบัผดิไดว้่า เป็นการคน้พบหรอืการผลติธาตุใหม่ทีเ่ป็นเทจ็  แลว้ใครเป็นผูร้า้ยเรื่องนี้? 
 ในทีสุ่ด ผูร้า้ยตวัจรงิก็ถูกจบัได ้เขาคอื วกิเตอร ์นินอฟ (Victor Ninov) นักฟิสกิสใ์นคณะผูม้หีน้าที่
รบัผดิชอบเรื่องการวเิคราะหข์อ้มลู 
 
 
 
 
 
 
 
 
                                                                             Victor Ninov 
 
 สิง่ทีเ่ขาท าอย่างผดิจรรยาบรรณรา้ยแรง คอืสรา้งขอ้มลูเทจ็ขึน้มา เพื่อท าใหเ้ขาและคณะเป็นผูส้รา้ง
ธาตุใหม่หนักทีสุ่ดขึน้มาไดถ้งึ 2 ธาตุ ในปี 2002 เมื่อความจรงิปรากฏการคน้พบธาตุใหม่หนักทีสุ่ด 2 ธาตุ คอื
ธาตุที ่116 และ 118 กถ็ูกประกาศถอนจากการคน้พบ และตวันักฟิสกิสผ์ูก้่อเรื่อง คอื วกิเตอร ์นินอฟ กถ็ูกไล่
ออก แลว้วกิเตอร ์นินอฟ ถูกจบัผดิไดอ้ย่างไร?  ค าตอบ คอืการคน้พบหรอืความส าเรจ็ในการผลติสิง่ใหม่ใดๆ 
ขึน้มาได ้โดยนกัวทิยาศาสตรค์นหนึ่ง นกัวทิยาศาสตรค์นอื่นๆ กจ็ะตอ้งท าไดเ้ช่นกนั 
 
ท่ีมา เรื่องอือ้ฉาวลวงโลก บาปของนกัวทิยาศาสตรจ์รรยาบรรณบกพร่อง :, ARTgazine Articles:บทความ
ทัว่ไป. สบืคน้เมื่อ 9   สงิหาคม 2551 จาก http://www.artgazine.com/shoutouts/viewtopic.php?t=2455 
 

mailto:kshaiwat@hotmail.com
http://www.artgazine.com/shoutouts/viewtopic.php?t=2455&start=0&postdays=0&postorder=asc&highlight=
http://www.artgazine.com/shoutouts/index.php
http://www.artgazine.com/shoutouts/viewforum.php?f=5
http://www.artgazine.com/shoutouts/viewforum.php?f=5
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แบบทดสอบย่อยเกดบคะแนนครัง้ท่ี 1 (Q2) 
โรงเรียนมหิดลวิทยานุสรณ์ (องคก์ารมหาชน) 

รายวิชา เคมีพื้นฐาน ว 30131 
ชื่อ-นามสกุล สมาชกิในกลุ่ม 
 1. ………………………………………………………………  เลขที ่ ……..  ม. 4/7 
 2. ………………………………………………………………  เลขที ่ ……..  ม. 4/7 
 3. ………………………………………………………………  เลขที ่ ……..  ม. 4/7              
 
 

ค าช้ีแจง 
1. ใหน้กัเรยีนในกลุ่มร่วมกนัศกึษา เรื่อง “บทสมัภาษณ์ ดร.อาจอง ชุมสาย ณ อยธุยา” ใชส้มาธิ

ช่วยองคก์ารนาซ่าสาํรวจอวกาศ 
2. วเิคราะหบ์ทสมัภาษณ์แลว้ตอบค าถามลงในใบงานทีก่ าหนดให ้
3. น าเสนอผลงานหน้าชัน้เรยีน (10 คะแนน) ดว้ยรปูแบบการน าเสนอแบบใดกไ็ด ้โดยใชเ้วลา

กลุ่มละประมาณ 5 นาท ีและแลกเปลีย่นความคดิเหน็อกีกลุ่มละประมาณ 5 นาท ี
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ใบงาน 
 

จากการศึกษา เร่ือง ‚บทสมัภาษณ์ ดร.อาจอง ชุมสาย ณ อยธุยา‛ ใช้สมาธิช่วยองคก์าร
นาซ่าส ารวจอวกาศ  ให้นักเรียนตอบค าถามต่อไปน้ี 
 

1. จากการใหส้มัภาษณ์ดงักล่าว นกัเรยีนมขีอ้คดิเหน็ทีแ่ตกต่างหรอืขดัแยง้กบัของ 
ดร.อาจอง บา้งหรอืไม ่อยา่งไร 

 
 
 

2. นกัเรยีนมคีําถามหรอืขอ้สงสยัอะไรบา้งทีอ่ยากจะถามหรอืสมัภาษณ์ ดร.อาจอง 
เพิม่เตมิ จากบทสมัภาษณ์ขา้งตน้ 

 
 
 
 

3. จรยิธรรมทีเ่กดิขึน้ในตวั ดร.อาจอง ทีน่กัเรยีนสมัผสัไดจ้ากการอ่านบทความนี้ 
ไดแ้ก่ อะไรบา้ง จงอธบิายและแสดงเหตุผลประกอบ 

 
 
 
 

4. นกัเรยีนไดร้บัแนวคดิอะไรบา้งทีส่ามารถนําไปใชเ้ป็นแบบอยา่งในการพฒันา
ตนเองใหเ้ป็นนกัวทิยาศาสตรท์ีเ่ก่ง ดแีละมคีุณธรรมจรยิธรรม 

 
 
 

 
 

 

 
 

 

 

 

http://pr.ku.ac.th/pr_pic/html/09september50/samati.htm 
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"บทสมัภาษณ์ ดร .อาจอง ชุมสาย ณ 
อยธุยา"  ใช้สมาธิช่วยองคก์ารนาซ่าส ารวจ
อวกาศ 

 
เรือ่ง  :ชุตมิา ซุน้เจรญิ  

ภาพ  :สราวุธ  สุวรรณรกัษ์ 
 
ระหว่างวิทยาศาสตรก์บัศาสนา 
ถา้ไมม่วีกิฤตเิรากไ็ม่เปลีย่น เรากอ็ยู่กนัอย่างสบายๆ เพราะฉะนัน้ช่วงนี้มนัจะมวีกิฤตเิกดิขึน้เยอะ และสรา้ง
ปญัหาใหก้บัเรา ทาํใหก้ารเปลีย่นแปลงจะเร่งและรบีด่วน มนัจะไม่ใช่ 50 ปีอย่างทีบ่างคนทาํนายหรอก มนัจะ
เกดิขึน้เรว็มาก สมยันี้เราอยู่ในยคุของการเปลีย่นแปลง เราไมม่เีวลากนัแลว้ สาํหรบับางคน ความสาํเรจ็ใน
หน้าทีก่ารงานอาจวดัดว้ยชื่อเสยีง เงนิทอง แต่สาํหรบับุคคลท่านน้ี สิง่เหล่านัน้คอืของแถมจากการใชช้วีติอย่าง
เตม็ศกัยภาพในฐานะมนุษยค์นหนึ่ง ถา้บอกว่า เขาคอื อดตีวศิวกรทีท่าํรายไดเ้ป็นหลกัลา้นต่อเดอืนเมื่อหลาย
สบิปีก่อน เป็นนกัธุรกจิผูเ้คยรัง้ตําแหน่งผูบ้รหิารมาหลายบรษิทั ไดร้บัการยอมรบัในฐานะนกัการเมอืงน้ําด ี
เป็นนกัการศกึษาทีไ่ดร้บัเชญิใหไ้ปบรรยายมาแลว้ทัว่โลก รวมถงึเคยเป็นนกัแสดงประกอบในภาพยนตรเ์รื่อง 
'ขา้งหลงัภาพ' ...หลายคนอาจนกึไม่ออก แต่ถา้แนะนําว่า ดร .อาจอง ชมุสาย ณ อยธุยา ผูน้ี้  คอืบุคคลทีถู่ก
กล่าวถงึในโฆษณาชิน้หนึ่งว่า เป็นผูค้ดิคน้ระบบลงจอดบนดาวองัคาร คงไม่มใีครมองผ่านไปเฉยๆ ถงึแมว้า่ใน
ทศันะของผูเ้ป็นเจา้ของเรื่อง ผลงานชิน้น้ีจะเป็นเพยีงเศษเสีย้วเลก็ๆ แห่งบททดสอบพลงัการหยัง่รูข้องมนุษย์
คนหนึ่งเท่านัน้ 
 
อยากให้อาจารยช่์วยเล่าถึงเรือ่งราวท่ีปรากฏในโฆษณาช้ินน้ีค่ะ 
 
มบีรษิทัโฆษณาเขามาตดิต่อผม เขาเพยีงแต่บอกว่าเขาตอ้งการยกย่องคนดใีนสงัคม ผมกบ็อกวา่การทีจ่ะยก
ย่องคนดนีัน้กเ็ป็นสทิธขิองทุกคนอยู่แลว้ไม่ตอ้งมาขออนุญาตอะไร ผมเพยีงแต่บอกว่าขออย่างเดยีวอย่าให้
เกีย่วขอ้งกบัการโฆษณาสนิคา้อะไรต่างๆ กไ็ดบ้อกเขาไวอ้ย่างนัน้ เขากส็ญัญาว่าในชว่งของผมจะไมม่อีะไรที่
เกีย่วขอ้งกบัผลติภณัฑ ์แต่เสรจ็แลว้เขากไ็ปเสรมิเตมิตอนทา้ย กเ็ลยเป็นการทาํใหค้นเขา้ใจว่าผมมาโฆษณา
เหลา้ ซึง่ผมกไ็ม่พอใจเหมอืนกนั กเ็รยีกเขามาคยุ เขากร็บัปากวา่จะเพิม่เตมิสว่นทีแ่บ่งระหว่างเรื่องของผมและ
สนิคา้ทีเ่ขาโฆษณา จรงิๆ แลว้ผมไม่ไดส้กับาทหนึ่ง ไม่ถอืว่าเป็นการโฆษณาอะไร 
 
แล้วในส่วนของผลงานการคิดค้นล่ะคะ มีท่ีมาท่ีไปอยา่งไร 
 
ตอนนัน้ผมเป็นอาจารยอ์ยู่ทีค่ณะวศิวกรรมศาสตร ์จุฬาลงกรณ์มหาวทิยาลยั พอสอนไปไดส้กั 2 ปี รูส้กึว่า
วทิยาการมนักา้วลํ้าไปแลว้ ความรู ้ประสบการณ์ของเรามนัลา้สมยั ผมกเ็ดนิทางไปต่างประเทศ สว่นใหญ่แลว้
ไปทีส่หรฐัอเมรกิา เพื่อทีจ่ะไดไ้ปหาขอ้มลูเรยีนรูอ้ะไรต่างๆ เพิม่เตมิ เพื่อกลบัมาสอนนิสตินกัศกึษาในประเทศ
ไทย ผมกล็าราชการไป บงัเอญิเขาประกาศเกีย่วกบัยานอวกาศขององคก์ารนาซาทีจ่ะไปสาํรวจดาวองัคาร ก็
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พยายามสมคัรเขา้ไป คอืเสนอโครงการเขา้ไป ตอนแรกๆ เขากจ็ะไม่รบัคนต่างชาต ิเพราะว่าเป็นความลบัทาง
เทคโนโลย ีแต่ผมกเ็หน็ว่ามนัมชี่องโหวใ่นกฎหมายทีเ่ขาจะรบัคนต่างชาตไิด ้โดยเฉพาะกรณีทีเ่ขาขาดแคลน
คนทีม่คีวามรูท้างดา้นนัน้ ผมกเ็ลยดวู่ามอีะไรทีท่างอเมรกิาเขาขาด ทาํไม่สาํเรจ็ ผมดแูลว้กม็อียู่อย่างเดยีว คอื
ช่วงนัน้ปี พ .ศ. 1971 อเมรกิาและรสัเซยีกพ็ยายามสง่ยานอวกาศไปลงทีด่าวเคราะห ์โดยเฉพาะดาวองัคาร ดาว 
 
 
พุธ กบัดาวศุกร ์แต่ปรากฏว่าลม้เหลวทุกครัง้ พอเขาสง่ไปถงึมนัจะตกลงไป มนัจะกระแทกพืน้ดนิ พงัใชก้าร
ไม่ได ้เพราะว่ามนัอยูห่่างไกลจากโลก ไม่สามารถควบคมุการร่อนลงไดจ้ากโลกของเรา ฉะนัน้ตอ้งเป็นระบบที่
มนัควบคมุตวัเองโดยอตัโนมตั ิซึง่อนัน้ีทางอเมรกิายงัไม่ประสบผลสาํเรจ็ ผมกเ็ลยเสนอโครงการเขา้ไปว่าผม
จะชว่ยสรา้งชิน้สว่นอนัหนึ่งทีจ่ะบงัคบัยานอวกาศใหร้่อนลงโดยอตัโนมตัลิงสูพ่ืน้ดนิของดาวองัคารอย่าง
ปลอดภยั ตรงนี้เองทีท่าํใหเ้ขาสนใจและทาํใหผ้มเขา้ไปร่วมในโครงการยานอวกาศได ้โดยเริม่ไปทาํงาน ไม่ใช่
กบัองคก์ารนาซาโดยตรง เพราะนาซาเขาจะไม่สรา้งอะไรเอง เขาจะใหบ้รษิทัต่างๆ เป็นผูผ้ลติ ฉะนัน้ผมกต็อ้ง
ไปทาํงานกบับรษิทัในสหรฐัอเมรกิา โดยอยูใ่นโครงการอนัน้ีทีผ่มเสนอไป ตอนแรกทางสหรฐัอเมรกิาเขาเชค็
ประวตัขิองผมก่อนว่าผมมแีนวโน้มเอยีงไปทางซา้ยหรอืเปล่า เขาระมดัระวงัมาก เขาจะสง่คนไปสบืดใูนทุกๆ 
แห่งทีผ่มเคยอาศยัอยู ่รวมถงึทีป่ารสีซึง่เคยอยู่ 2 ปี ปรากฏว่าผา่นทุกอย่างไม่มปีญัหาอะไร เขาเลยใหท้าํงาน 
ทาํวจิยัไปประมาณ 1 ปี สรา้งตน้แบบมาหลายตน้แบบ แต่ปรากฏว่าไม่ประสบผลสาํเรจ็ ใชก้ารไม่ได ้แต่
หลงัจาก 1 ปี ผมกค็ดิขึน้มาว่าวธิกีารหาความรูแ้บบตะวนัตก มนัใชไ้ม่ได ้เพราะเราตอ้งอาศยัขอ้มลูของคนอื่น 
เราตอ้งทาํวจิยั เราตอ้งมาเปลีย่นแปลงวเิคราะห ์ผมคดิว่าใชว้ธิขีองทางตะวนัออกดกีว่ากค็อืไปนัง่สมาธิเพื่อให้
เกดิปญัญา ผมกปี็นขึน้ไปอยู่บนภูเขาในรฐัแคลฟิอรเ์นีย ใกล้ๆ  เมอืงลอสแองเจลสิ และนัง่สมาธอิยู่ตามลาํพงั 
จนกระทัง่จติน่ิง สงบ ปญัญามนักเ็กดิ ผมอยู่ 4 คนื 5 วนั วนัที ่5 กาํลงันัง่อยู่เฉยๆ สงบนิง่ ไม่คดิถงึโครงการ
ยานอวกาศเลย อยู่ๆ มนักแ็วบเขา้มา แลว้เรากไ็ดค้าํตอบ เราก ็อ๋อ รูแ้ลว้ เขา้ใจแลว้ แค่นี้ คอืในการฝึกสมาธิ
จนปญัญาเกดิ โดยทีเ่ราไม่ตอ้งคดิ มนัจะไม่ผ่านระบบความคดิอะไร 
 
เมื่อไม่ได้ผา่นกระบวนการทางวิทยาศาสตร ์การคิดค านวณ แล้วน าไปสรา้งได้อย่างไรคะ 
 
ผมสรา้งตน้แบบใหเ้ขา และเขากท็ดสอบ โดยใชเ้ครื่องคอมพวิเตอร ์สมมตติอนทีร่่อนลง ปรากฏว่ามนัค่อยๆ 
ร่อนลงและไปแตะพืน้ดนิของดาวองัคารอย่างปลอดภยั เขากด็อีกดใีจกเ็ลยใหผ้มสรา้งใหเ้ขา 3 ชุด ไปไวใ้นยาน
ไวกิง้ 1 ไวกิง้ 2 และยานไวกิง้ 3 สามลาํดว้ยกนั เขาสง่ขึน้ไป 2 ลาํ เดนิทางไปใชเ้วลา 11 เดอืน พอไปถงึดาว
องัคารกส็าํรวจว่าจะลงตรงไหน แลว้กส็ง่สญัญาณไปกระตุน้เครื่องทีผ่มสรา้งไว ้และมนัค่อยๆ ควบคุมยาน
อวกาศใหร้่อนลงไปโดยอตัโนมตัสิูพ่ืน้ดนิของดาวองัคาร ประสบความสาํเรจ็ ยานทัง้ 2 ลาํแตะพืน้เบาๆ ไมม่ี
ปญัหาอะไร และสามารถสง่ขอ้มลูกลบัมาทีโ่ลกของเราเป็นเวลาเกอืบ 7 ปี 
 
ถือเปดนครัง้แรก? 
 
ครัง้แรกในประวตัศิาสตรข์องมนุษย ์ก่อนหน้านัน้ยงัไม่เคยมยีานอวกาศลาํไหนลงไปบนพืน้ดนิของดาวเคราะห์
ไดส้าํเรจ็ แต่ตอนนัน้ไดล้งไปทีด่วงจนัทรแ์ลว้ แต่ดาวเคราะหย์งัไม่เคย 
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อาจารยส์นใจเรือ่งสมาธิมาตัง้แต่ก่อนจะไปท างานตรงนัน้หรอืเปล่า 
ผมเริม่ฝึกปฏบิตัติัง้แต่อายุ 15 ปี ตอนนัน้ศกึษาอยูท่ีป่ระเทศองักฤษ เป็นโรงเรยีนประจาํ แลว้กฝึ็กมาเรื่อยๆ 
จนถงึทุกวนัน้ี 
 
ท าไมถึงได้สนใจเรือ่งสมาธิ 
 
เหตุทีเ่ป็นแรงจงูใจกเ็พราะว่าช่วงนัน้ผมเป็นเดก็เกเรพอสมควร ชอบชก ชอบต่อย ชอบอาละวาด เป็นคนที่
อารมณ์รุนแรง แลว้มนัเกดิเหตุการณ์ทีค่่อนขา้งจะมหศัจรรยก์บัตวัเอง คอืนอนอยู่ในหอ้งนอนรวม เป็นหอพกั
ของนกัเรยีน อยู่กนั 50 คน อยู่ๆ  วนัหนึ่งกต็กใจตื่นขึน้มากลางดกึ เพราะเหมอืนกบัมเีสยีงคุยกบัผมอยู่ เสยีง
นัน้แค่เรยีกชื่อผม 3 ครัง้ อาจอง อาจอง อาจอง ทาํไมถงึทาํอย่างนี้ ตัง้คาํถามไวใ้หก้บัผม ผมกม็านัง่คดิ ตอน
แรกกต็กใจนึกว่าเป็นผมีาหลอก กไ็ม่สนใจ นอนหลบัไป พรอ้มกบัเสยีงนัน้มนัจะมแีสงสว่างอยู่รอบๆ บรเิวณ
นัน้ดว้ย ผมมองซา้ย มองขวา ดเูพื่อน ทุกคนกน็อนหลบัไมม่ใีครไดย้นิอะไร และมนักเ็กดิขึน้สามคนืตดิต่อกนั 
คนืทีส่ามกเ็ลยตอ้งมานัง่คดิใหญ่เลยว่า เอ ..มนัเรื่องอะไร  คดิไปคดิมาอาจเป็นการเตอืนตวัเราเองว่า สิง่ทีเ่ราทาํ
มนัไมถู่กตอ้ง กเ็ลยหาทางออก พยายามคดิว่าเราจะปรบัปรุงตวัอย่างไร ตอนแรกไม่รูจ้ะไปปรกึษาหารอืกบัใคร 
เลยไปปรกึษากบันกับวชในศาสนาครสิต ์ท่านกบ็อกว่าใหไ้ปสวดมนตภ์าวนา เขา้โบสถด์ว้ยกนั ผมกเ็ขา้ไป แต่
แลว้ท่านกไ็ม่ไดใ้หค้าํตอบอะไรกบัผม ท่านบอกว่าตอ้งไปศกึษาพระคมัภรีต่์อ ผมกไ็ปศกึษาพระคมัภรี ์
จนกระทัง่วนัหนึ่งท่านสอนเกีย่วกบัเรื่องการสวดมนตท์่านบอกวา่เมื่อสวดมนตจ์ะตอ้งมาพรอ้มกนั เปร่งเสยีงดงั
พรอ้มกนั เขา้มาอยู่ในโบสถพ์รอ้มกนั ผมเถยีงท่าน บอกว่าไม่จาํเป็น เราสวดมนตใ์นมุมเงยีบๆ ในหอ้งของเรา
กไ็ด ้ไม่จาํเป็นตอ้งไปสวดในโบสถ์ อนัน้ีท่านโกรธมากเลย ไล่ผมออกจากหอ้ง ผมกเ็สยีใจมาก กพ็ยายามคดิว่า
จะทาํยงัไง เลยไปเขา้หอ้งสมุด แลว้บอกตวัเองว่าเราเกดิมาเป็นชาวพทุธ น่าจะมอีะไรดีๆ  ทางพทุธศาสนา ก็
เลยไปคน้หนงัสอืเจอบทความเกีย่วกบัการฝึกสมาธ ิพออ่านแลว้มนัประทบัใจมาก กเ็ลยเริม่ฝึกตัง้แต่ตอนนัน้
เป็นตน้มา พอฝึกไปไดเ้ดอืนหนึ่งมนัรูส้กึสงบ สบาย อารมณ์โกรธ โมโห อะไรกค็่อยๆ หายไป เลยฝึกต่อ พอ
ฝึกไปไดปี้หนึ่ง ก่อนหน้านัน้เรยีนหนงัสอืไม่ค่อยไดด้ ีปรากฏว่าความจาํดขีึน้ การเรยีนดขีึน้ พอสอบปีถดัมาก็
สอบไดท้ี ่1 ของทุกวชิา จากนัน้ชวีติกเ็ปลีย่น เป็นคนใจเยน็ ความรูเ้กดิขึน้  
บางครัง้เราเรยีนหนงัสอืกไ็ม่ตอ้งเรยีนหนกั ความจาํดขีึน้ ไดร้บัรางวลัจากประเทศองักฤษเยอะแยะไปหมด 
ไดร้บัรางวลัจากนายกรฐัมนตรขีองประเทศองักฤษดว้ย ทางดา้นวทิยาศาสตรแ์ละทางดา้นศาสนา นี่คอืการทาํ
ควบคู่กนัไปทัง้สองอย่างพรอ้มกนั  
 
แต่คนส่วนใหญ่มกัจะคิดว่าวิทยาศาสตรก์บัศาสนาเปดนคนละเรือ่งกนั? 
 
ผมมองดตูวัเองยอ้นหลงักลบัไป จรงิๆ วทิยาศาสตรก์บัศาสนาไม่แตกต่างกนั ทัง้สองอย่างพยายามแสวงหา
ความจรงิ แต่วทิยาศาสตรม์ุ่งไปในสิง่แวดลอ้มรอบๆ ตวัเรา แต่ศาสนามุ่งเขา้ไปในตวัเรา ฉะนัน้อนัหนึ่งเป็น
เรื่องภายใน อกีอนัเป็นเรื่องภายนอก สองอย่างมาประกอบกนักท็าํใหเ้กดิความเขา้ใจทีส่มบรูณ์แบบ แลว้ผมก็
วเิคราะหด์ตูัง้แต่ตอนนัน้ว่า ผมจะไม่หากนิกบัเรื่องของจติใจ เรื่องของการฝึกสมาธ ิตรงนัน้จะทาํอะไรกเ็ป็นการ
บรกิารช่วยเหลอืคนอื่น ถา้เผื่อไปหากนิกค็ดิว่าใชว้ทิยาศาสตร ์ผมกเ็ลยเลอืกเรยีนทางดา้นวศิวกรรมศาสตร์ 
เพื่อใชเ้ป็นอาชพี 
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ในแวดวงของคนท่ีเรียนด้านวิทยาศาสตร ์อาจารยคิ์ดวา่ตวัเองแปลกแยกจากคนอ่ืนมัย้คะ 
 
คอืผมเขา้ใจเขา แนวความคดิของเขาเป็นอย่างไร ขัน้ตอนของการคดิแบบนกัวทิยาศาสตรเ์ป็นอย่างไร ทนีี้ผม
พยายามดงึเขาเขา้มาใหเ้ขา้ใจดว้ยว่าเรามญีาณวเิศษอยู่ในตวัของเราทุกคน เพราะถา้เกดิเรายอ้นหลงักลบัไปดู
ในประวตัศิาสตรอ์ย่าง เซอรไ์อแซค นิวตนั ซึง่กเ็ป็นนกัวทิยาศาสตรท์ีส่าํคญัของโลก ตัง้แต่เลก็ๆ เขาชอบนัง่
อยู่ใตต้น้แอปเปิลตามลาํพงั โดยทีเ่ขาไมค่ดิอะไร และเขาทาํอย่างนี้เป็นประจาํ พอโตขึน้มาเขาคดิถงึดาวหาง
แฮรีว่่ามนัจะกลบัมาเยีย่มโลกทกุๆ กีปี่ การหาคาํตอบของเขาไม่ไดจ้ากการทดลอง ไม่ไดจ้ากการคาํนวณ เขา
ไปนัง่อยู่ใตต้น้แอปเปิล พอมนัตกลงมาตอนนัน้เองมนักแ็วบเขา้มา แลว้เขากไ็ดร้บัคาํตอบ ซึง่นอกจากจะตอบ
ว่า นอกจากดาวหางแฮรีจ่ะมาทกุ 76 ปี ซึง่กถ็ูกตอ้ง เขายงัไดก้ฎเกณฑข์องฮวิตนัซึง่เป็นพืน้ฐานของฟิสกิสท์ี่
เราใชอ้ยูทุ่กวนัน้ี 
 
ไอน์สไตน์กเ็หมอืนกนั เขากบ็อกว่า เขาไดอ้ะไรต่ออะไรจากการตอนทีเ่ขาสงบนิ่ง แลว้เขาพดูออกมาชดัเจนเลย
ว่าการหยัง่รูด้ว้ยตนเองไม่ไดม้าจากการศกึษา ไม่ไดม้าจากความพยายาม แต่มนัมาจากใจโดยตรง ถา้เรา
เขา้ถงึใจของเราได ้สมาธกิจ็ะเกดิ ความรูเ้กดิขึน้ ปญัญากเ็กดิขึน้ 
 
อธิบายส่ิงท่ีเรียกวา่การหยัง่รูน้ี้อย่างเปดนวิทยาศาสตรอ์ย่างไรคะ 
 
พอเราฝึกสมาธ ิความรูส้กึของเรามนัจะขยายตวัออกไปกวา้งใหญ่ พอเป็นอย่างนี้เท่ากบัว่ามนัขยายไปทีไ่หน
เรากร็ูต้รงนัน้ ถา้เราอยากจะรูว้่าขา้งหนึ่งของโลกเรากาํลงัเกดิอะไรขึน้ เรานัง่สมาธขิยายความรูส้กึของเรา
ออกไป มนัเป็นจติใจทีเ่ราขยายออกไปได ้แลว้จะรูเ้รื่องอะไรกไ็ด ้ฉะนัน้จติเหนือสาํนึกกค็อื ผูรู้ ้ผูต้ื่น ทีอ่ยูใ่นตวั
เรา มนัไมม่ขีอบเขต จติเหนือสาํนึกมนักวา้งออกไป และทาํใหเ้ราสามารถรูเ้รื่องอะไรกไ็ด ้เกีย่วขอ้งกบัอะไรก็
ได ้
 
ถ้าอยา่งนัน้จะเรียกวา่อาจารยเ์ปดนผูห้ยัง่รูไ้ด้มัย้คะ 
 
ผมถอืว่าทุกคนสามารถทีจ่ะหยัง่รูไ้ด ้บางทพีวกเราสงัเกตกบัเหตุการณ์ทีจ่ะเกดิขึน้ในอนาคต อนันัน้กเ็ป็นการ
หยัง่รู ้บางทเีรามปีญัหาเยอะแยะ เราคดิอะไรไม่ออก เรานอนหลบัไป และชว่งทีเ่ราตื่น อ๋อ! รูแ้ลว้ คาํตอบมนั
มา เพราะระหว่างทีเ่รานอนหลบักบัตอนทีเ่ราตื่นตอนนัน้จติใจเราสงบ เรายงัไม่ฟุ้งซ่าน เรายงัไมค่ดิอะไรมาก 
พอจติใจสงบในชว่งนัน้การหยัง่รูด้ว้ยตนเองกจ็ะเกดิขึน้ สภาวะจติใจทีส่งบนิ่ง ทางพุทธเรากเ็รยีกว่าศลี สมาธ ิ
ปญัญา เมื่อเรามศีลี มสีมาธเิกดิขึน้ จติใจมนัสงบ ปญัญามนักเ็กดิ 
 
หลงัจากท่ีประสบความส าเรดจในการคิดค้นวิธีลงจอดแล้วอาจารยไ์ปท างานอะไรต่อ 
 
กเ็ป็นอาจารยต่์อทีจุ่ฬาฯ เริม่สอนนิสตินกัศกึษาเรื่องสมาธ ิและอบรมครใูนเรื่องการฝึกสมาธ ิ
 
ช่วงหน่ึงได้มีโอกาสท างานในแวดวงการเมอืงด้วย? 
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คอืหลงัจากทีเ่ป็นอาจารยอ์ยู่สกั 7 ปี ผมรูส้กึว่าเราน่าจะมปีระสบการณ์ทีก่วา้งออกไป และใหเ้ขา้กบัทุกกลุ่ม 
คอืสงัคมต่างๆ ตอนนัน้กอ็อกมาเป็นนกัธุรกจิก่อน ประสบความสาํเรจ็ไดเ้ป็นกรรมการผูจ้ดัการหลายบรษิทั 
พอเริม่เขา้ใจแลว้ว่านกัธุรกจิเป็นอย่างไรกต็ดัสนิใจว่าถงึเวลาทีเ่ราจะตอ้งรูเ้รื่องเกีย่วกบัการเมอืงบา้ง เลยไปลง
สมคัรเป็นสมาชกิสภาผูแ้ทนราษฎร ประสบความสาํเรจ็ตอนทีส่งักดัพรรคพลงัธรรม ไดร้บัเลอืก 3-4 สมยั ตอน
นัน้เขา้ไปอยู่ในงานทีเ่กีย่วขอ้งกบัการศกึษาเป็นหลกั เป็นกรรมาธกิารการศกึษา กรรมาธกิารวทิยาศาสตร ์
กรรมาธกิารสิง่แวดลอ้ม จะมุ่งไปในทางดา้นนัน้ จนสดุทา้ยไดเ้ป็นเลขารฐัมนตรวี่าการกระทรวงการ
ต่างประเทศ สมยัท่านประสงค ์สุน่ศริ ิไดเ้ดนิทางไปรอบโลกพรอ้มกบัท่าน 
 
ดเูหมือนอาจารยจ์ะมองการท างานในต าแหน่งต่างๆ เปดนการเรียนรูม้ากกวา่การประกอบอาชีพ? 
 
คอืทุกอย่างเป็นการเรยีนรูข้องผม 
 
ไม่ได้มีเป้าหมายคือ ช่ือเสียง เงินทอง หรอือ านาจ? 
ถา้เราตอ้งการรวยมนัง่ายมาก อย่างผมไปสรา้งยานอวกาศทีส่หรฐัอเมรกิา เงนิเดอืนทีไ่ดร้บัตอนนัน้ซือ้รถยนต์
ได ้1 คนัต่อเดอืน คอืตอ้งเทยีบอย่างนัน้ เพราะว่าเงนิสมยันัน้มนัยงัน้อย เงนิซือ้อะไรไดเ้ยอะ มลูค่าสงู พอผม
สรา้งเสรจ็แลว้หน้าทีข่องผมคอืกลบัมาเป็นอาจารยอ์ยู่ทีจุ่ฬาฯ กบ็อกทางโน้นว่าขอกลบัแลว้ ตอนแรกเขากจ็ะ
ไม่ยอม เพิม่เงนิเดอืนใหผ้ม 20 เท่า ซือ้รถยนตไ์ด ้20 คนัต่อเดอืน และจะโอนสญัชาตใิหผ้ม ผมกบ็อกว่าอนัน้ี
ไม่ใช่สิง่ทีผ่มตอ้งการ หน้าทีข่องผมคอืสอน ทีม่ากม็าหาความรู ้ไดป้ระสบการณ์แลว้กข็อกลบั ในทีส่ดุเขากต็อ้ง
ยอม ในชวีติไม่เคยคดิอยากจะรวย ไม่เคยคดิอยากจะดงัอะไร ถา้มนัดงักด็งัโดยธรรมชาตขิองมนัเอง เราไม่ได้
ตัง้ใจว่าจะตอ้งทาํดว้ยความดงัหรอืชื่อเสยีง หรอืความรํ่ารวยอะไร ตอนนี้กก็ลบัมาอยู่ทีโ่รงเรยีน ผมกป็ฏเิสธไม่
รบัเงนิเดอืน เพราะว่านี่ไมใ่ชจุ่ดมุ่งหมายของเรา เราตอ้งการจะใหแ้ละชว่ยเดก็  
 
แต่ไม่ว่าจะอยู่ในแวดวงธรุกิจหรอืการเมือง คงปฏิเสธไม่ได้ว่าเตดมไปด้วยเรือ่งผลประโยชน์และการ
ต่อรอง? 
 
อย่างผมเป็นผูอ้าํนวยการฝา่ยการตลาดของบรษิทัแห่งหน่ึง ปกตเิราตอ้งเลีย้งลกูคา้ เลีย้งอาหาร เลีย้งเหลา้ 
อะไรต่างๆ ผมกบ็อกเขาตรงๆ ว่า ผมไม่ดื่มเหลา้นะ และผมทานมงัสวริตัดิว้ย เขากต็กใจ แปลกใจ แต่กบ็อก
ผมว่า ถา้งัน้กท็านบา้ง เป็นเพื่อนดื่มน้ําชาดว้ยกนั เสรจ็แลว้กค็ุยกนัไปคุยกนัมา ปรากฏว่าเขาไวใ้จผมมากเลย 
เขาเชื่อว่าผมทาํธุรกจิจะไม่มวีนัเอาเปรยีบเขา ไม่มวีนัทีจ่ะโกงเขา เขาบอกเอาล่ะ ผมพรอ้มจะเซน็สญัญาซือ้
ขายกบัคุณ เซน็สญัญาทเีป็นพนัลา้นเพราะเขาไวว้างใจเรา เพราะเราไม่ไดโ้มอ้ะไร ไม่ไดไ้ปแสดงอะไร ไม่ได้
ดื่มเหลา้เมายากบัเขา ไม่ไดเ้ลีย้งดปูเูสือ่ ซึง่นกัธุรกจิโดยทัว่ไปเขาจะม ีแต่ปรากฏว่ากลบัไม่ค่อยไวว้างใจกนั 
แต่นี่เขาไวใ้จเรา เพราะฉะนัน้ไมใ่ช่วา่จะตอ้งใชว้ธิทีางโลกในการคา้ขาย สูส้รา้งความไวว้างใจดกีว่า การเมอืงก็
เหมอืนกนั ผมกเ็ขา้ไปในสภา เอาล่ะ กย็อมรบัว่ามนัมผีลประโยชน์ค่อนขา้งจะเยอะ แลว้กม็คีนมาเสนอ
ผลประโยชน์ใหผ้มเยอะมาก ตอนทีเ่ป็นเลขานุการรฐัมนตรวี่าการกระทรวงการต่างประเทศ กม็คีนเสนอว่า พี่
ช่วยเซน็ตรงนี้หน่อย พอเซน็แลว้ผมจะได ้150 ลา้น ผมกบ็อกวา่เรื่องอะไรล่ะ ไดเ้ยอะแยะขนาดนี้ เขาบอกว่า
เขาจะนําเขา้ไมจ้ากพม่า และเขาเอาหลกัฐานใหผ้มดวู่าเป็นไมจ้ากพม่า แต่ผมดแูลว้ผมรูส้กึว่ามนัเป็นเอกสาร
ปลอม ผมกเ็ลยเอาเอกสารน้ีไปตรวจ พม่าตรวจแลว้เขากบ็อกวา่เป็นเอกสารปลอม ผมกเ็อากลบัมาแลว้บอกว่า 
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ขอโทษนะเซน็อนันี้ไม่ได ้เพราะว่าเป็นเอกสารปลอม ผมกพ็ดูตรงไปตรงมากบัเขา ใช่ ผมอาจจะไม่ร่วมมอืใน
เรื่องบางเรื่อง แต่ทุกคนกย็อมรบั และกถ็อืว่าผมเป็นคนทีน่่าไวว้างใจ ถงึเวลาจะมกีารปฏริปูการศกึษา 
กรรมาธกิารกใ็หผ้มร่างในเรื่องคุณธรรม จรยิธรรม ถงึเราไม่ไดอ้ยู่ฝา่ยรฐับาล แต่ไปขอรอ้งเขา พอถงึเวลาเขาก็
ยกมอืให ้เขามัน่ใจเรา เขารกัเรา การทาํงานไมจ่าํเป็นตอ้งใชอ้าํนาจ อทิธพิล ไม่ตอ้งใชเ้งนิใชท้อง เราสรา้ง
ความไวว้างใจใหก้บัคนอื่นใหร้กัเรา  
 
จริงไหมท่ีเขาบอกว่าคนดีๆ มกัอยู่ในแวดวงการเมอืงไม่ได้? 
 
อนัน้ีกจ็รงิเหมอืนกนั แต่ทว่าเขาเขา้ใจผดิ คอืยนืหยดัอยูใ่นทางของตวัเองแลว้บอกคนอื่นผดิหมด มนัไมใ่ช่
อย่างนัน้ ไมม่ใีครผดิ คอืเราตอ้งเขา้ใจว่าทุกคนอยู่ในโลกนี้กเ็พื่อทีจ่ะมปีระสบการณ์ บางทเีราตอ้งหกลม้เราถงึ
จะรูว้่าหกลม้แลว้มนัเจบ็ แลว้เราน่าจะเปลีย่นวธิกีารใหม่ ตลอดเวลามกีารสรา้งความแขง็แกรง่ ความเขา้ใจ
เกีย่วกบัชวีติใหด้ขีึน้ ฉะนัน้ผมมองนกัการเมอืงทัง้หลายว่าเขากเ็รยีนรูอ้ยู่ บางทเีขาทาํอะไรตวัเองกเ็จบ็มาก 
สรา้งปญัหาใหก้บัตวัเอง กค็อืวธิกีารเรยีนรู ้ฉะนัน้คนดบีางคนบอกว่าตวัเองด ีแลว้กไ็ปชีน้ิ้วว่าไอน้ี่มนัไม่ด ีไอ้
นัน่มนัเลว แต่เราตอ้งเขา้ใจว่าเมือ่เราชีน้ิ้วไป มนัจะมนีิ้วสามนิ้วชีก้ลบัมาทีต่วัเราเสมอ เราบอกว่าคนอื่นเลว แท้
ทีจ่รงิเราตอ้งดตูวัเองว่าเราเลว เราไม่ดเีอง เราคดิไม่ดเีอง ถา้เผือ่เราเขา้ใจอยา่งนี้ เราไมไ่ปด่าใคร เราไม่ไปว่า
ใคร 
 
จริงๆ แล้วการเปดนนักการเมอืงกดน่าจะท าอะไรได้เยอะโดยเฉพาะในเชิงนโยบายท่ีเก่ียวกบัการศึกษา 
ท าไมถึงตดัสินใจออกมาล่ะคะ 
 
ใช่ ..เราปฏริปูอะไรได ้ทาํอะไรไดเ้ยอะ  อย่างตอนนัน้เราออกกฎหมายปฏริปูการศกึษา ซึง่ผมเขยีนเรื่อง
คุณธรรมใสเ่ขา้ไป กไ็ปโดน รสช .ยดึอาํนาจพอด ีแลว้กเ็กดิปญัหาพฤษภาทมฬิอะไรต่างๆ  ผมกด็แูลว้ว่าเราตอ้ง
ลงไปถงึระดบัรากฐานคอืไปลงมอืสรา้งเดก็ขึน้มาเองเลย การปฏริปูการศกึษาจะมาสัง่คนใหท้าํอย่างโน้นอย่างนี้
โดยอาศยักฎหมาย มนัไม่ค่อยไดผ้ล เขาไม่เขา้ใจ ไม่รูจ้ะทาํยงัไง ผมเลยคดิว่าเราไปสรา้งตวัอยา่งใหเ้ขาเหน็
ดกีว่า ไปปฏริปูของเราเองก่อน วธิกีารอย่างนี้จะขยายผลไดเ้รว็ แลว้อกีอย่างผมกค็ดิว่าเราสรา้งอะไรต่ออะไร 
สรา้งยานอวกาศ สรา้งโน่นสรา้งนี่มาเยอะแลว้ ตอนนี้ลองสรา้งคนบา้ง กเ็ลยหนัไปสูแ่วดวงการศกึษาของเดก็ 
ตัง้โรงเรยีนสตัยาไส จ .ลพบุรี  ขณะเดยีวกนักอ็บรมคร ูใหค้วามรูเ้กีย่วกบัเรื่องของการเรยีนรู ้เกีย่วกบัการศกึษา 
และเดนิทางไปต่างประเทศตามคาํเชญิของประเทศต่างๆ เพื่อไปอบรมคร ู 
 
แล้วท าไมต้องเปดนโรงเรียนแนวไสบาบา 
 
คอือนัน้ีเริม่ตน้เมื่อประมาณ 23 ปีทีผ่่านมา ตอนนัน้ผมยงัไมไ่ดม้าสนใจเรื่องการศกึษาของเดก็ แต่กไ็ดร้บัแรง
กระตุน้เมื่อครัง้ไปทีป่ระเทศอนิเดยี และไปเจอนกัการศกึษา (ท่านสตัยาไสบาบา  )ท่านเป็นอธกิารบดี
มหาวทิยาลยัทีม่ชีื่อเสยีงมากในประเทศอนิเดยี ขณะเดยีวกนัท่านกส็อนธรรมะ ผมไปเจอท่าน ทา่นกม็องหน้า
ผมสกัพกั แลว้กบ็อกว่าในชวีติทีเ่หลอืขอใหห้นัมาสนใจการศกึษาทัง้หมดไดไ้หม ผมกต็อบรบัทนัที เพราะท่าน
พดูประทบัใจมาก เขา้ถงึใจผม ผมกเ็ลยตดัสนิใจว่าเราตอ้งหนัมาทางดา้นน้ี กลบัมาเมอืงไทยกเ็ริม่ตน้จากการ
ทดลองสอนเดก็ในแหล่งชมุชนกอ่น ดสูวิ่าเราสามารถเปลีย่นชวีติเขาไดไ้หม ปรากฏว่าเดก็พวกนี้เปลีย่นอย่าง
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รวดเรว็ เรากเ็ริม่เหน็ผล ทนีี้กเ็ลยจดัอบรมคร ูพออบรมไปไดส้กัหมื่นหา้พนักว่าคน ครเูหล่าน้ีกเ็รยีกรอ้งว่า วธิี
สอนมนัดล่ีะ แต่เขาอยากจะเหน็ของจรงิ โรงเรยีนทีป่ฏบิตัอิย่างนัน้ ทาํอย่างนัน้จรงิๆ ผมกเ็ลยบอกพรรคพวก 
เรามาสรา้งโรงเรยีนกนัดกีว่า เพือ่จะไดเ้ป็นตวัอย่าง ทุกคนกเ็หน็ดดีว้ย ช่วยกนับรจิาค เพราะเราจะไม่เกบ็ค่า
เล่าเรยีน ตอ้งการทาํตวัอย่างของการให ้ใหเ้ปล่า ใหฟ้ร ีไมใ่ชว่่าจะเอากาํไร โรงเรยีนสตัยาไสกเ็ริม่ตน้เมื่อ 13 
ปีทีแ่ลว้ 
 
 
อาจารยท์ างานกบัเดดกมากดพอสมควร มองว่าปัญหาของเดดกยุคน้ีคืออะไร 
 
เป็นเรื่องจรงิว่าเดก็ทีม่ปีญัหาคอื เดก็ทีข่าดความรกั ขาดความอบอุ่นในครอบครวั พอเขาขาดกจ็ะพยายาม
แสวงหาความสนใจของคนอื่นเขา้มา ฉะนัน้บางทเีขากใ็ชว้ธิทีีเ่ขารูจ้กั คอืเกเร ทาํลายโน่น ทาํลายนี่ แกลง้คน
โน้น คนน้ี ทนัทเีลยผูใ้หญ่กจ็ะมาหาเขา จรงิอยู่เขาโดนลงโทษ แต่เขาสามารถดงึดดูคนมาหาเขา และนัน่คอืสิง่
ทีเ่ขาปรารถนา ทีเ่ขาเกเรทุกวนันี้เป็นเพราะเขาขาดความรกั เขาอยากจะไดค้วามรกัจากผูใ้หญ่ เราตอ้งเขา้ใจ 
อย่าไปโทษเดก็ มนัมปีจัจยัอกีหลายอย่างทีเ่สรมิเขา้มา ฉะนัน้เป็นหน้าทีข่องผูป้กครองของครทูีจ่ะตอ้งเตมิ
ความรกั ความเมตตา และใหภ้มูคิุม้กนัแก่เดก็ 
 
ภายใต้บรรยากาศทางสงัคมท่ีเตดมไปด้วยความรนุแรงอยา่งในปัจจบุนั ยงัพอมีหวงัมัย้คะ 
 
 
คอืผมเชื่อวา่จะมเีหตุการณ์หลายอย่างทีจ่ะทาํใหทุ้กอย่างตอ้งเปลีย่น มนุษยเ์ราพอมคีวามทุกขม์ากๆ จะรบี
แกไ้ข รบีเปลีย่น รบีหนีความทกุข ์ฉะนัน้มนัจะมเีหตุการณ์ทีส่รา้งปญัหาขึน้มาเยอะใหก้บัเรา และปญัหา
เหล่านัน้กค็อืบทเรยีนทีเ่ราจะไดเ้รยีนรู ้และปรบัปรุงตวัเราเอง แกไ้ขสถานการณ์ใหด้ขีึน้ อย่างทีเ่ขาบอก
ระดบัน้ําทะเลจะสงูขึน้ 4 เมตร กรุงเทพฯกห็มดแลว้ไมม่เีหลอื อยู่ใตบ้าดาลแลว้ ภาคกลางของประเทศไทยกจ็ะ
โดนน้ําท่วมหมด พอถงึใกล้ๆ  เวลานัน้พวกเราจะตกอกตกใจและรบีเตอืนกนัอย่างรวดเรว็ เราไมม่ทีางเลอืก
แลว้ เราตอ้งเปลีย่น ถา้เรารูว้่าอะไรจะเกดิขึน้ จะเกดิแผ่นดนิไหว น้ําท่วม มนัตอ้งเปลีย่นแลว้ คอืชวีติเราจะ
เปลีย่นเรว็ท่ามกลางวกิฤตต่ิางๆ ถา้ไมม่วีกิฤตเิรากไ็ม่เปลีย่น เรากอ็ยู่กนัอย่างสบายๆ เพราะฉะนัน้ช่วงนี้มนัจะ
มวีกิฤตเิกดิขึน้เยอะ และสรา้งปญัหาใหก้บัเรา ทาํใหก้ารเปลีย่นแปลงจะเร่งและรบีด่วน มนัจะไม่ใช่ 50 ปีอย่าง
ทีบ่างคนทาํนายหรอก มนัจะเกดิขึน้เรว็มาก สมยันี้เราอยู่ในยุคของการเปลีย่นแปลง เราไม่มเีวลากนัแลว้ 
 
แต่อาจารยม์องว่าวิกฤติจะน ามาซ่ึงการเปล่ียนแปลงในทางท่ีดี? 
 
ผมมัน่ใจว่ายุคแหง่ความสงบสขุจะเกดิขึน้ในโลกของเราแลว้ 
 
คล้ายๆ กบัแนวคิดทางพทุธศาสนาเรือ่งยุคพระศรีอารย?์ 
 
มนักต็รงกบัศาสนาต่างๆ ทีเ่ขาทาํนายไวว้่าจะเกดิยคุแห่งความสงบสขุขึน้มา ผมดเูหตุการณ์ทุกอย่างแลว้กม็ุ่ง
ไปทางนัน้ แลว้ตอนนี้กม็คีนทีเ่ริม่คดิในแนวใหม่ เริม่คดิในทางทีด่ ีหมอประเวศ วะส ีกเ็ริม่คดิแหวกแนวออก
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มาแลว้ เพื่อใหเ้กดิการเปลีย่นแปลงในสงัคมของเรา ฉะนัน้สิง่เหล่านี้มนัจะเกดิขึน้ค่อนขา้งจะเรว็ และคนจาํนวน
มากกเ็ริม่จะคดิในแนวเดยีวกนัมากขึน้ๆ กระแสจะค่อยนําพาทุกฝา่ยไปสูโ่ลกใหม ่โลกทีเ่ตม็ไปดว้ยความสงบ
สขุ 
 
ระหว่างวิกฤติทางด้านสงัคมกบัส่ิงแวดล้อม อาจารยคิ์ดว่าอะไรน่าจะเปดนจดุเปล่ียนส าคญั 
 
ผมคดิว่ามนัจะเกดิขึน้พรอ้มๆ กนั จากการทีอุ่ณหภมูมินัสงูขึน้ในโลก ดนิ ฟ้า อากาศ ทัว่โลกกเ็ปลีย่นแปลง ผม
เพิง่กลบัมาจากอาหรบัเอมเิรสต ์ปรากฏว่าฝนตกมาตลอดทัง้ปี ทัง้ๆ ทีป่กตเิขาเป็นทะเลทราย ผมเคยบอกเขา
มานานแลว้ว่า ตรงนี้ในทีส่ดุจะไม่ใช่ทะเลทรายแลว้ ฝนจะเริม่ตกมากขึน้ๆ และมนักเ็กดิขึน้จรงิๆ ทะเลทรายจะ
ค่อยๆ เคลื่อนทีไ่ปทางเหนือมากขึน้ อย่างประเทศสเปนจะแหง้แลง้ ทะเลทรายซาฮาราจะขยบัขึน้ไปเรื่อยๆ 
ทางเหนือ อุณหภูมใินโลกเริม่จะสงูขึน้อยู่เรื่อยๆ ผมไปคุยกบันกัวทิยาศาสตรท์ีป่ระเทศจนี มนัเกดิจากน้ําทะเล 
เขายอมรบัว่าทุกปีมนัจะสงูขึน้เรือ่ยๆ เพราะว่าเมื่ออุณหภูมสิงูขึน้ น้ําแขง็ทีข่ ัว้โลกเหนือ ขัว้โลกใตก้เ็ริม่ละลาย 
ฉะนัน้จงึทาํใหด้นิฟ้าอากาศเปลีย่นแปลง ความรุนแรงจะเกดิมากขึน้ๆ พายุไตฝุ้น่มากขึน้ สนึามกิจ็ะมมีากขึน้ 
แผ่นดนิไหวมากขึน้ ทุกอย่างมนัมากขึน้ไปหมด ขณะเดยีวกนั มนุษยเ์รากย็งัทะเลาะกนั เถยีงกนั ยงัทาํ
สงครามกนั ยงัฆา่กนัอยู่ โดยเฉพาะแถวๆ อหิร่าน ตะวนัออกกลาง จะมปีญัหาอยู่เยอะ และอกีหลายประเทศที่
มกีารสูร้บกนั ลกัษณะแบบนี้มนัจะเร่ง ทัง้ธรรมชาต ิทัง้วกิฤตใินระหว่างมนุษยด์ว้ยกนักจ็ะเป็นตวัเร่ง ทาํใหเ้รา
ตอ้งยอมรบัแลว้ว่าถงึเวลาทีม่นุษยจ์ะตอ้งเปลีย่นแปลง ชวีติของผมเองกเ็หมอืนกนั พอเป็นเดก็เกเรมากๆ ชก
ต่อยคนโน้น คนนี้ ตวัเราเองกเ็จบ็ดว้ย ไม่ใช่ทาํใหค้นอื่นเจบ็อย่างเดยีว และนัน่คอืตวัเร่งทีท่าํใหผ้มเกดิการ
เปลีย่นแปลงในชวีติ เพราะฉะนัน้อนัน้ีกาํลงัเกดิขึน้ และผมคดิวา่จะเกดิขึน้เรว็กว่าทีเ่ราคดิ 
 
เรดวแค่ไหนคะ 
 
ผมใหเ้วลา 12 ปี  
 
ท าไมถึงเปดนตวัเลข 12 ปี 
 
เพราะว่าตวัเร่งมนักาํลงัเกดิขึน้ ทุกอย่างมนัเร่งหมดแลว้ เราไม่เคยมแีผ่นดนิไหวทีรุ่นแรง จนทาํใหเ้กดิคลื่นสึ
นาม ิไม่เคยมอีย่างนี้มานานทเีดยีว แต่ตอนหลงัมตีัง้หลายครัง้แลว้ และพอมนัเกดิขึน้ตรงนี้ เปลอืกโลกมนัก็
ขยบัใช่ไหม มนักท็าํใหเ้กดิความกดดนัอกีจุดหนึ่ง ซึง่มนักต็อ้งขยบัตาม ทนีี้มนักจ็ะไปเรื่อยๆ ไปรอบดา้นรอบ
โลก ซึง่อนัน้ีเป็นภยัอนัตรายทีพ่วกเราตอ้งระมดัระวงั แต่ถา้พวกเราช่วยเหลอืกนัตัง้แต่แรก ภยัเหล่านี้กจ็ะลด
น้อยลง อยู่ทีค่วามร่วมมอืของมนุษย ์สนึามไิม่จาํเป็นตอ้งฆา่คนจาํนวนมาก ถา้ทนัททีีเ่กดิขึน้จุดใดจุดหนึ่งก็
บอกต่อๆ กนัไป 
 
แล้ว 12 ปีน่ีประเมินจากอะไรคะ  
 
ผมลองดสูถานการณ์ต่างๆ ทีเ่ป็นตวัปจัจยัใหเ้กดิการเปลีย่นแปลง คอืเรากส็งัเกตทุกดา้นจากเหตุการณ์ที่
เกดิขึน้ในโลก อนัแรกจากทีม่นุษยเ์ราทะเลาะกนัเอง สรา้งสงครามกนั สรา้งวกิฤตขิองตวัเองขึน้มา อกีอนัหนึ่งก็
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คอืความถีข่องธรรมชาตทิีม่แีผ่นดนิไหว น้ําท่วม ดนิฟ้าอากาศทีรุ่นแรง มพีวกพายุมากขึน้ เฮอรร์เิคนทางโน้น 
มไีซโคลนทางนี้ มอีะไรต่างๆ ทีรุ่นแรงมากๆ คอืพวกนี้เราดแูลว้ความถีม่นัมากขึน้ๆ ตามหลกัวทิยาศาสตรผ์ม
กว็าดกราฟออกมา การเปลีย่นแปลงจะเกดิขึน้แบบไหน ผมคาํนวณออกมาแลว้มนัจะไม่เป็นเสน้ตรง แต่มนัจะ
ค่อยๆ ขยบัขึน้ ตอนแรกมนัดเูหมอืนชา้มาก แต่แลว้มนัจะค่อยๆ ขยบัขึน้ และขึน้เรว็มาก ผมคาํนวณดกูเ็หน็ว่า
จุดวกิฤตต่ิางๆ มนัจะเกดิขึน้ภายใน 10 ปีขา้งหน้า หลงัจากนัน้กจ็ะทาํใหเ้กดิการเปลีย่นแปลง ทัง้ทางดา้น
การศกึษา ทางดา้นจติใจของมนุษยอ์ะไรต่างๆ เพราะคนเราจะถงึขัน้หนึ่งทีบ่อกว่าพอแลว้ ไม่เอาแลว้ ความ
ทุกขม์นัพอแลว้ เลกิกนัดกีว่า เราหนัหน้าเขา้มาหากนั คุยกนัดกีว่า มนัจะถงึขัน้หนึ่ง มากจนตอ้งหยุดแลว้ 
 
 
สุดท้ายอาจารยคิ์ดว่าอะไรจะเปดนเง่ือนไขท่ีท าให้มนุษยก้์าวพ้นวิกฤติเหล่าน้ีไปได้  
 
มอียู่อย่างเดยีว ความรกั ความเมตตา คนเราถา้มคีวามรกั ความเมตตา ทุกอย่างกแ็กไ้ดห้มด เราใหอ้ภยัซึง่กนั
และกนั เราไม่มองในแง่รา้ย มอีะไรเราช่วยเหลอืเขา เมื่อมกีารชว่ยเหลอืซึง่กนัและกนั เรามอีาหารเหลอืเฟือ 
เรามอีะไรทุกอย่างเหลอืเฟือในโลกนี้ เราไม่ตอ้งแย่งกนัหรอก แต่จะใชร้ะบบเศรษฐกจิแบบปจัจบุนัไม่ได ้ระบบ
เศรษฐกจิตอ้งเปลีย่น จะเป็นระบบเศรษฐกจิแบบนายทุนไมไ่ดแ้ลว้ แต่เป็นเศรษฐกจิของความเอือ้เฟ้ือเผื่อแผ่ 
เศรษฐกจิของในหลวง สิง่เหล่านี้มนัจะตอ้งเกดิขึน้โดยอตัโนมตั ิ
 
 
จาก  
 
ผูห้ยัง่รู ้ดร อาจอง ชุมสาย ณ อยุธยา 

 
ทีม่า : "บทสมัภาษณ์ ดร .อาจอง ชุมสาย ณ อยุธยา"  ใชส้มาธชิ่วยองคก์ารนาซ่าสาํรวจอวกาศ   
สบืคน้เมือ่  12 สงิหาคม 2551 จากhttp://th.wisdominside.org/index.php?option=com_content&task=view&id=93&Itemid=76 
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แบบทดสอบย่อยเกดบคะแนนครัง้ท่ี 1 (Q2) 
โรงเรียนมหิดลวิทยานุสรณ์ (องคก์ารมหาชน) 

รายวิชา เคมีพื้นฐาน ว 30131 
ชื่อ-นามสกุล สมาชกิในกลุ่ม 
 1. ………………………………………………………………  เลขที ่ ……..  ม. 4/7 
 2. ………………………………………………………………  เลขที ่ ……..  ม. 4/7 
 3. ………………………………………………………………  เลขที ่ ……..  ม. 4/7              
 
 

ค าช้ีแจง 
1. ใหน้กัเรยีนในกลุ่มร่วมกนัศกึษา กรณีศกึษาเกีย่วกบัเรื่องราวของแจน เฮนดรกิ ชอน (Jan 

Hendrik Schon) จากบทความ เรื่อง In the Matter of J. Hendrik Schon และ เรื่องอือ้ฉาว
ลวงโลก:บาปของนกัวทิยาศาสตรจ์รรยาบรรณบกพร่อง ทีก่าํหนดให ้

2. วเิคราะหก์รณีศกึษาแลว้ตอบค าถามลงในใบงานทีก่ าหนดให ้
3. น าเสนอผลงานหน้าชัน้เรยีน (10 คะแนน) ดว้ยรปูแบบการน าเสนอแบบใดกไ็ด ้โดยใชเ้วลา

กลุ่มละประมาณ 5 นาท ีและแลกเปลีย่นความคดิเหน็อกีกลุ่มละประมาณ 5 นาท ี
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ใบงาน  
 
จากการวิเคราะหก์รณีศึกษาของ แจน เฮนดริก ชอน ให้นักเรียนเตรียมน าเสนอผลงานหน้าชัน้เรียน
โดยการตอบค าถามต่อไปน้ี 
 

1. ใหน้กัเรยีนสรุปเรื่องราวทีเ่กดิขึน้ทีห่อ้งปฏบิตักิารเบลล ์)Bell Labs ) 
 
 

2. ใหน้กัเรยีนวเิคราะหก์ารกระทาํของ แจน เฮนดรกิ ชอน ว่าถูกตอ้งตามหลกัจรยิธรรมทาง
วทิยาศาสตรห์รอืไม่ อย่างไร 

 
 
 

3. ถา้หากนกัเรยีนเป็นเพื่อนร่วมทมีวจิยักบัแจน เฮนดรกิ ชอน นกัเรยีนจะมคีวามรูส้กึอย่างไรต่อ
สิง่ทีเ่กดิขึน้ 

 
 
 

4. สมมตวิ่าเหตุการณ์นี้ เกดิขึน้โดยนกัเรยีนวทิยาศาสตรข์องโรงเรยีนมหดิลวทิยานุสรณ์ นกัเรยีน
คดิว่าจะมผีลกระทบอะไรเกดิขึน้ตามมาบา้ง 

 
 
 

5. ประเดน็หรอืหลกัการจรยิธรรมทางวทิยาศาสตรท์ีเ่กดิขึน้จากกรณีศกึษานี้ มอีะไรบา้ง จง
อธบิาย 
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ใบงาน 
 
นกัฟิสกิสอ์จัฉรยิะขีโ้กงทีห่อ้งปฏบิตักิารเบลล ์หอ้งปฏบิตักิารเบลล์ (Bell Laboratories) เป็นแหล่งรวมนกัวจิยั
ชัน้นําของโลก ในแต่ละปี มผีลงานการวจิยัสาํคญัตพีมิพม์ากมาย แต่เมื่อชว่งปลายศตวรรษที ่20 ไม่มี
นกัวทิยาศาสตรค์นใดจะเด่นเท่านกัฟิสกิสห์นุ่มชื่อ แจน เฮนดรกิ ชอน (Jan Hendrik Schon) ผูก้าํลงัแสดงแวว
อจัฉรยิะทางดา้นนาโนอเิลก็ทรอนิกส ์มผีลงานการวจิยัระดบัแนวหน้าตพีมิพเ์ฉลีย่ปีละ 40 ฉบบั และเป็นตวัเกง็
ทีจ่ะไดร้บัรางวลัโนเบลในไมช่า้  

 
   Jan Hendrik Schon 

ทว่า ในทีส่ดุ ความจรงิกป็รากฏจากรายงานการวจิยัจาํนวน 5 ฉบบั ตพีมิพใ์นวารสารวชิาการระดบัโลก 
Nature และ 7 ฉบบัตพีมิพใ์นวารสาร Science ระหว่างปี 1998 กบั 2001 เขากถ็ูกจบัผดิได ้โดยคณะกรรมการ
ทีถู่กตัง้ขึน้มา (โดยหอ้งปฏบิตักิารเบลลเ์อง  )เพื่อตรวจสอบรายงานการวจิยัของเขา  ซึง่ผลการตรวจสอบ
ออกมาในปี 2002 ว่า เขาเป็นอจัฉรยิะนกัฟิสกิสข์ีโ้กง เพราะสรา้งผลงานเทจ็ทีเ่ขยีนเป็นรายงานการวจิยั 
ตวัอย่างเช่น ใชก้ราฟเดยีวกนั ในรายงาน 2 ฉบบั ซึง่เป็นเรื่องการวจิยัทีไ่ม่เกีย่วขอ้งกนัเลย และใชข้อ้มลูทีม่ี
ปญัหาถงึ 16 แห่ง  
แจน เฮนดรคิ ชอน ขณะถูกจบัผดิไดม้อีายุเพยีง 32 ปี ผลงานอือ้ฉาวของเขาสรา้งความเสือ่มเสยีอย่างหนกัแก่
หอ้งปฏบิตักิารเบลล ์สรา้งมลทนิความน่าเชื่อถอืของวารสารวชิาการทางดา้นวทิยาศาสตรร์ะดบัชัน้นํา ของโลก 
ทีม่รีะบบ Peer Review คอื การตรวจอ่านโดยผูเ้ชีย่วชาญ เฉพาะดา้นอย่างเขม้ขน้ )แต่กถ็ูกหลอกจนได้)  
สาํหรบัตวันกัวทิยาศาสตรอ์ือ้ฉาวเอง อนาคตความเป็นนกัวทิยาศาสตรก์ด็บัวบูลง เป็นแกะดาํทีส่งัคม
วทิยาศาสตรร์ะดบัโลกประนามและรงัเกยีจ 
 

ท่ีมา เรื่องอือ้ฉาวลวงโลก  :บาปของนกัวทิยาศาสตรจ์รรยาบรรณบกพร่อง, ARTgazine Articles:บทความ
ทัว่ไป. สบืคน้เมื่อ 9   สงิหาคม 2551 จาก http://www.artgazine.com/shoutouts/viewtopic.php?t=2455 
 

http://www.artgazine.com/shoutouts/viewtopic.php?t=2455&start=0&postdays=0&postorder=asc&highlight=
http://www.artgazine.com/shoutouts/index.php
http://www.artgazine.com/shoutouts/viewforum.php?f=5
http://www.artgazine.com/shoutouts/viewforum.php?f=5
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In the Matter of J. Hendrik Schon  
By David Goodstein  
Published in Physics World, November, 2002  
 
“The physicists have known sin” J. Robert Oppenheimer is famously said to have said. That was on 
the occasion of the first nuclear explosion. Sin in the form of faking scientific data seemed to be 
reserved to biology and related sciences, not physics. I used to think I understood why. “There are 
three danger factors in scientific misconduct,” I would lecture to my classes in Research Ethics and 
anyone else who would listen. Not that research misconduct happens whenever these factors are 
present. They are often present and misconduct in science is very rare. But these factors were 
present in every case I’ve studied. First, the scientist is under career pressure. That’s not much of a 
discriminator, because all scientists are under career pressure all the time, but it does point up the 
fact that this kind of misconduct is not motivated by simple monetary gain. Second, the perpetrators 
always think they know the right answer. In other words, faking data is never done with the intention 
of inserting a falsehood into the body of scientific knowledge. The intent is always to insert a truth 
without bothering to go to the trouble of doing the experiment properly. This kind of misconduct is 
always a violation of the scientific method, never purposely a violation of scientific truth. And finally, 
the work is always in a field where reproducibility is not expected to be very precise. For example, if 
you take two organisms that are as nearly identical as you can make them, say, two transgenic mice, 
and expose them to the same carcinogenic agent, you don’t expect them to develop the same tumor 
at the same time in the same place. So, biologists who are otherwise disposed to cheat generally 
don’t have to fear that someone will quickly prove them wrong merely by repeating the experiment. 
That, I would conclude, is why faking data occurs in biology, not physics.  
 
Now two high profile cases of cheating in physics have suddenly surfaced. One involves the 
announcement and later retraction of the discovery of elements 116 and 118 at Lawrence Berkeley 
National Laboratory (LBNL). The other involves a young researcher at Bell Labs named Jan Hendrik 
Schon. These cases promise to pose a severe test for my theory. Unfortunately, as in many cases of 
scientific misconduct, little is known to the outside world about the LBNL case. An investigation took 
place, and a scientist named Victor Ninov was fired as a result. But the report of the investigation has 
not been made public. Quite the opposite is true in the Schon case. In a rare instance of openness in 
the murky field of scientific misconduct, the management of Bell Labs made it clear from the outset 
that it intended to make public the results of its investigation. It has now done so.  
 
The general outlines of the case have been widely reported [reference previous Physics World 
reports]. Jan Hendrik Schon seemed to be a brilliant young condensed matter experimentalist 
zooming straight toward Nobel Prize country. The field was organic or carbon-based semiconductors, 
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and one after another Schon seemed able to grab every Holy Grail in the business. Many of the 
samples were fabricated at Bell Labs and prepared for measurements at the University of Konstanz 
while Schon was waiting for a visa to join Bell Labs. He managed, for example, to use field-effect 
doping—the use of very large electric fields to change the electron concentration in his samples—to 
induce such remarkable phenomena as superconductivity and the Quantum Hall effect. Other 
researchers had been unable to reach high enough fields to detect these miraculous effects because 
of electrical breakdown in the insulating layers that are essential for such experiments. But Schon, in 
a humble apparatus in Konstanz, had managed to produce aluminum oxide films of unprecedented 
resistance to breakdown. In the period from 1998 to the summer of 2001, he produced research 
papers on the average of one every eight days, together with a total of twenty collaborators. A 
blazing superstar of physics had been launched. Then the wheels started to come off. The 
announcement of a single-molecule transistor-- the logical endpoint of Moore’s Law—triggered the 
beginning of an unsuspension of disbelief. Anomalies were pointed out. The data were too perfect. 
Different experiments had identical noise. And so on. In the Spring of this year, Bell Labs appointed a 
committee, chaired by Professor Malcolm Beasley of Stanford University to investigate. The 
committee’s report was released to the public, as promised, on September 25. The report detailed 
some 24 specific allegations the committee had investigated, and found that scientific misconduct by 
Schon had occurred in at least 16 of them. Schon had done all of his experiments alone, he kept no 
laboratory notebooks, all his raw data files had been erased from his computer, and all of his original 
samples had been either destroyed or discarded. With only the slightest of misgivings, the report 
exonerated all of Schon’s collaborators. Schon was immediately fired by Bell Labs.  
 
The case raises a number of issues. To begin with, I find it amazing that when it arose, Bell Labs had 
no formal policy on how to handle cases of research misconduct. All American universities that 
accept federal research funds are required to have such policies, but Bell does not have federal 
funds. The attitude there seems to have been one that was common in the universities a couple of 
decades ago—it couldn’t happen here, so why do we need such a policy? The Beasley committee 
resolved this dilemma by choosing to follow the federal policy that guides the universities. That, for 
example, established the level of proof of guilt required. Not, as in a criminal case, beyond a 
reasonable doubt, but rather a preponderance of the evidence would be sufficient. I would imagine 
that Bell and other industrial laboratories will now get the message and put appropriate policies in 
place. A more difficult issue concerns the responsibility of the other authors. The Beasley report 
defines this as an issue not of scientific misconduct but of professional responsibility, and decides 
that “…no clear, widely accepted standards of behavior exist”, because it is an issue that “the 
scientific community has not considered carefully.” In fact the issue here is trust among scientists. 
Collaborations take place precisely because different scientists bring different skills to the table. If we 
are responsible for looking over the shoulders of our collaborators, collaborations will fall apart, and 
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much damage will be done toscience. Still, it makes one uneasy that there were so many 
collaborators who never suspected wrongdoing. What about my theory? Those three danger factors I 
wrote about? In this case they seem to hold up pretty well. Was Schon under career pressure? You 
bet he was, as is everyone at a place like Bell Labs (or my own Caltech for that matter), perhaps 
made all the more brutal by the intensely competitive nature of the field he was in, and the unyielding 
pressure to stay ahead of the curve on Moore’s Law (crudely, the continued exponential growth of the 
number of transistors that can be crammed onto a computer chip). Did he believe he knew the right 
answer? He still does. In a response attached to the Beasley report, Schon admits having made 
mistakes, but writes “I have observed experimentally the various physical effects…such as the 
Quantum Hall effect, superconductivity in various materials…I believe that these results will be 
reproduced in the future….” Finally, is it a field in which results are not easily reproduced? It is. 
Results in this field are notoriously sample-specific. That is, they depend crucially on the skill and luck 
of the person who prepares the sample. Failure to reproduce any given result in any given sample is 
not considered proof of anything. Nobody could prove Schon had cheated just by demonstrating that 
a given result he has reported doesn’t show up in a particular sample. So, my theory survives to be 
disproved another day.   
 
The Schon case has put scientific misconduct back on the front pages of the newspapers, and this 
time it is physics that’s on the firing line. Inevitably, there will be much debate and soul-searching 
about what to do. Whatever we do, we must remember this. Science is a marketplace of ideas, 
where good ideas must be proven wrong in order to be replaced by better ones. Being wrong, then, 
is an essential part of progress in science. To the public, it’s easy to confuse being wrong with being 
guilty. We cannot allow that to happen. If scientists start to fear being accused of misconduct when 
they are wrong, enormous damage will be done to the enterprise of science. In this case, the system 
worked. Science is self-correcting, as it’s supposed to be. But we must not be complacent. If this kind 
of misconduct were to become commonplace, science would cease to be self correcting and would 
be no better than any other belief system. Rooting out scientific misconduct in a sensible way will 
always be a grave responsibility for all of us. Today, September 27, 2002, the stock of once proud 
Lucent Technologies, the parent company of Bell Labs, closed at 77 cents a share. I bought a 
thousand shares.  
 
ทีม่า : David Goodstein (2002). In the Matter of J.Hendrik Schon. Physics World. Accessed August 
12, 2009 from http://www.its.caltech.edu/ ~ dg/The_physicists.pdf 
 
 
 
 

http://www.its.caltech.edu/
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แบบทดสอบย่อยเกดบคะแนนครัง้ท่ี 1 (Q2) 
โรงเรียนมหิดลวิทยานุสรณ์ (องคก์ารมหาชน) 

รายวิชา เคมีพื้นฐาน ว 30131 
ชื่อ-นามสกุล สมาชกิในกลุ่ม 
 1. ………………………………………………………………  เลขที ่ ……..  ม. 4/7 
 2. ………………………………………………………………  เลขที ่ ……..  ม. 4/7 
 3. ………………………………………………………………  เลขที ่ ……..  ม. 4/7              
 
 

ค าช้ีแจง 
1. ใหน้กัเรยีนในกลุ่มร่วมกนัศกึษา กรณีศกึษาเกีย่วกบัเรื่องราวของ หวงั ว ูซุก  (Hwang  Woo-

Suk) จากบทความทีก่าํหนดให ้เรื่อง Dr. Hwang Dropped from Scientific American 50 for 
Faking Research  และ “หวงั ว ูซุก” คนเก่งทีโ่ลกไมต่อ้งการ   

2. วเิคราะหก์รณีศกึษาแลว้ตอบค าถามลงในใบงานทีก่ าหนดให ้
3. น าเสนอผลงานหน้าชัน้เรยีน (10 คะแนน) ดว้ยรปูแบบการน าเสนอแบบใดกไ็ด ้โดยใชเ้วลา

กลุ่มละประมาณ 5 นาท ีและแลกเปลีย่นความคดิเหน็อกีกลุ่มละประมาณ 5 นาท ี
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ใบงาน  
 
จากการวิเคราะหก์รณีศึกษาของ หวงั ว ูซุก ให้นักเรียนเตรียมน าเสนอผลงานหน้าชัน้เรียนโดยการ
ตอบค าถามต่อไปน้ี 
 

1. ใหน้กัเรยีนสรุปเรื่องราวทีเ่กดิขึน้กบัหวงั ว ูซุก (Hwang Woo Suk) 
 
 
 

2. ใหน้กัเรยีนวเิคราะหก์ารกระทาํของ หวงั ว ูซุก ว่าถูกตอ้งตามหลกัจรยิธรรมทางวทิยาศาสตร์
หรอืไม่ อย่างไร 
 
 

 
3. ถา้หากนกัเรยีนเป็นเพื่อนร่วมทมีวจิยักบั หวงั ว ูซุก นกัเรยีนจะมคีวามรูส้กึอย่างไรต่อสิง่ที่

เกดิขึน้ 
 
 
 
 

4. สมมตวิ่าเหตุการณ์นี้ เกดิขึน้โดยนกัเรยีนวทิยาศาสตรข์องโรงเรยีนมหดิลวทิยานุสรณ์ นกัเรยีน
คดิว่าจะมผีลกระทบอะไรเกดิขึน้ตามมาบา้ง 

 
 
 
 
 

5. ประเดน็หรอืหลกัการจรยิธรรมทางวทิยาศาสตรท์ีเ่กดิขึน้จากกรณีศกึษานี้ มอีะไรบา้ง จง
อธบิาย 

 
 
 



200 

 

 

                                                  News -  December 15, 2005 
Dr. Hwang Dropped from Scientific American 50 for Faking Research 
By The Editors  
With considerable disappointment, the editors of Scientific American are immediately removing Dr. Woo Suk Hwang from his 
honored position as Research Leader of the Year on the 2005 Scientific American 50 list.  
 
Dr. Hwang famously announced in Science last June that he and his team at Seoul National University in Korea had cloned 
human embryonic stem cells from 11 patients. Published accounts appearing this morning, however, report that one of his co-
authors, Dr. Sung Il Roh, now says that Dr. Hwang admits that much of the evidence in his Science paper was faked. He further 
alleges that Dr. Hwang has asked Science to withdraw that paper. Dr. Hwang was not available for comment.  
 
This admission follows the discovery in recent weeks that some of the experiments conducted in Dr. Hwang’s 
laboratory did not meet the highest standards of ethical practice. Specifically, some women were paid to donate eggs 
for use in the experiments, and some of the eggs came from junior female researchers working in the laboratory.  
 
The allegations of ethical misconduct were very troubling, but Scientific American¿s editors felt it was important to give 
Dr. Hwang the benefit of the doubt until their veracity could be determined. Even when those charges were borne out, 
we respected that the ethics of accepted practice in this area of science were still somewhat murky, and we declined 
to judge him too quickly, although his cover-up of those problems was clearly wrong.  
 
However, scientific fraud is an unforgivable offense against the enterprise of research, and in this case, it completely 
invalidates the selection of Dr. Hwang for inclusion in the Scientific American 50.  
 
Dr. Hwang’s deceit misled Scientific American along with the international scientific community. We regret, in writing 
about his work and awarding him a place among key technology leaders, having unknowingly misinformed readers 
about his actual accomplishments. We are also deeply concerned about the lasting damage that this fraud may do to 
the reputation of stem cell research, which we continue to regard as a highly worthy endeavor generally pursued by 
scientists keeping to a far higher standard of honesty and ethics.  
 
 
ทีม่า: Dr. Hwang Dropped from Scientific American 50 for Faking Research สบืคน้เมือ่ 9 สงิหาคม 2551 จาก 
http://www.scientificamerican.com/article.cfm?id=dr-hwang-dropped-from-sci 
 
 
 
 
 
 

http://www.scientificamerican.com/section.cfm?id=news
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                                   ‘หวงั ว ูซุก’ คนเก่งท่ีโลกไม่ต้องการ  

                                                                                                                เร่ือง : วนัพรรษา อภิรฐันานนท ์ 
 

อะไรจะเกดิขึน้ เมื่อหนึ่งในมนุษยโ์คลนทีถู่กเพาะเลีย้งขึน้บนเกาะห่างไกล ออกตามล่าหาตวัมนุษยต์น้แบบ 
ภายหลงัจากทีไ่ดรู้ว้่าตวัเองทีแ่ทแ้ลว้เป็นมนุษยโ์คลนทีถู่กโคลนนิงหรอื จาํลองแบบขึน้ เพื่อใชเ้ป็นเซลลห์รอื
อวยัวะสาํรองของมนุษยต์น้แบบ มชีวีติอยู่เพยีงเพื่อใชเ้ป็นอะไหล่อวยัวะ ทีเ่มื่อวนัหนึ่งมนุษยเ์จา้ของเซลลม์อีนั
ลม้ปว่ย หรอืมเีหตุหนึ่งเหตุใดใหต้อ้งใชอ้วยัวะสาํรอง กจ็ะนําอวยัวะหรอืเซลลจ์ากตวัโคลนมาเพื่อใชต่้อชวีติตน 
เมื่อคน้พบว่าสถานทีส่ดุทา้ยในโลกทีป่ลอดภยัจากภยัพบิตัทิางระบบนิเวศกลาย เป็นเรื่องหลอกลวง มนุษย์
โคลนตวัหนึ่งจงึแหกด่านของศนูยอ์าํนวยการออกมาสูโ่ลกภายนอก  
 
นี่คอืเรื่องราวของ The Island นิยายวทิยาศาสตรท์ีถู่กหยบิมาสรา้งเป็นภาพยนตรฮ์อลลวีดูเมื่อไม่นานนี้ 
สะทอ้นความเป็นไปไดข้องโลกอนาคตเรื่องมนุษยโ์คลน ทีว่นัหนึ่งอาจคน้พบว่าทุกสิง่ทุกอย่างเกีย่วกบัการมี
ชวีติอยู่เป็นเรื่อง หลอกลวง และเริม่ตน้นบัหนึ่งบทแรกของการไล่ล่า แต่ก่อนจะไปถงึบทนัน้ คอืบทแรกแห่ง
ความลวงของบทวจิยัจอมปลอม “การสรา้งสเตม็เซลลม์นุษยด์ว้ยวธิโีคลนนิง” ของนกัวจิยัชาวเกาหล ี“หวงั ว ู
ซุก” ซึง่เป็นขา่วเกรยีวกราวทัว่โลกเมื่อเดอืนทีผ่่านมา  
 

นิยายแห่งนิยาย(วิทยาศาสตร)์ 

 
                                                                           หวงั ว ูซุก  
หวงั ว ูซุก นกัวจิยัเกาหลใีต ้เรื่องราวของเขาหากเป็นนิยายกต็อ้งเรยีกว่าหกัมมุตอนจบ จากทีเ่จดิจรสัเป็น
นกัวทิยาศาสตรด์าวรุ่ง ถงึขัน้นิตยสาร Time ยกย่องใหเ้ป็นบคุคลสาํคญัแห่งปี )2547) ผลงานการวจิยัของเขา
ตพีมิพใ์นวารสารวชิาการระดบัโลก คอื Nature และนิตยสาร Science ช่วงปี 2547-2548 ซึง่ทาํให้
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นกัวทิยาศาสตรห์นุ่มใหญ่มาดแมนแฮนดซ์มัผูน้ี้ กลายเป็นนกัวทิยาศาสตรท์ีโ่ด่งดงัทีส่ดุของโลก ในการ
คน้ควา้วจิยัดา้นโคลนนิงและสเตม็เซลล ์แต่เมื่องานวจิยัถูกเปิดโปงว่าไม่สามารถยนืยนัผลหรอืทาํซํ้าได้ ขอ้มลู
บางสว่น “เมก” ขึน้ และบางสว่นไดม้าอย่างไม่ถูกกฎหมาย จากดาวรุ่งกร็่วงทนัท ี 
หวงั ว ูซุก เริม่มชีื่อเสยีง เมื่อเขาโคลนนิงววัไดส้าํเรจ็เป็นรายที ่5 ของโลกในปี 2542 การวจิยัของเขาไดร้บัการ
ยกย่องและสนบัสนุนอย่างต่อเนื่องจากรฐับาลและ ประชาชนเกาหล ีจนก่อนทีจ่ะเกดิเหตุกค็อืการประกาศ
ความสาํเรจ็การโคลนนิงสนุขัตวัแรกของโลก ในปี 2548 ผลงานของเขา “สนปัปี” (Snuppy) สนุขัพนัธุอ์าฟกนั
ฮาวดต์วัน้อยหน้าแหลม )ใชเ้ซลลจ์ากใบหเูป็นเซลลต์น้แบบ) ยงัไดร้บัการยกย่องจากนิตยสาร Time ใหเ้ป็น
สนุขัโคลนนิง-สิง่ประดษิฐม์หศัจรรยย์อดเยีย่มแห่งปี 2548 (The Most Amazing Invention of 2005) ดว้ย  
 
ขณะทีใ่นความคดิของ หวงั ว ูซกุ แลว้ เจา้สนปัปีเป็นยิง่กว่าสิง่มหศัจรรย์ เพราะมนัคอืบนัไดทีจ่ะนําไปสูก่าร
โคลนมนุษยใ์นเวลาต่อมา ทมีงานกว่าครึง่รอ้ยของเขาใน “เวลิด ์สเตม็เซลล ์ฮบั” คกึคกัและกระตอืรอืรน้เตม็ที ่
ทา่มกลางกระแสชาตนิิยมของคนเกาหลผีสมกบัความเก่งกาจของคุณหมอคนดงั ชื่อเสยีง รวมทัง้เงนิทอง
สนบัสนุนการวจิยัไหลมาเทมา เกดิเป็นกระแส หวงั ว ูซุก ฟีเวอร ์สรา้งเกาหลใีตสู้ก่ารเป็นผูนํ้าดา้นสเตม็เซลล์
ของโลก  
 
พนัธุวศิวกรรมลวงโลก  

 
South Korean research team led by Professor Hwang Woo-suk has created 11 lines of therapeutic 

human embryonic stem cells using adult cells of diseased and injured patients  
 
ในฐานะวรีบุรุษ หวงั ว ูซุก เริม่โครงการสรา้งสเตม็เซลลม์นุษยจ์ากการโคลนนิงอย่างจรงิจงั แต่ความหวงัที่
ท่วมทน้ของคนทัง้ชาตนิี้ นานวนัเขา้กไ็ดก้ลายเป็นแรงเหวีย่งกลบัของกระแสกดดนัสูต่วัเขาเอง อา้งจาก
หนงัสอืพมิพแ์มอลิของเกาหล ีซึง่ระบุแหล่งขา่วในเวลิด ์สเตม็เซลล์ ฮบั สถาบนัหลกัในการผลติและวจิยัสเตม็
เซลลแ์ห่งชาตเิกาหล ีใหข้า่วว่า หวงั ว ูซุก ตอ้งทาํงานภายใตก้ระแสกดดนัอย่างหนกั เมื่อการทดลองแลว้
ทดลองอกีไม่เป็นผลตามทีห่ลายฝา่ยเฝ้าหวงั  
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หวงั ว ูซุก จงึตบสายตาคนทัง้โลก ดว้ยผลงานพนัธวุศิวกรรมจอมปลอมทีไ่ลข่อ้หาไดต้ัง้แต่การใชข้อ้มลูเทจ็ใน 
กระบวนการวจิยั การเปิดโปงทาํโดยวารสารวชิาการ Nature ซึง่ตพีมิพง์านวจิยัของเขา สบืพบเงื่อนงาํน่าสงสยั
ว่าอาจมกีารปิดบงัและโกหกทีม่าของไขม่นุษยท์ีนํ่ามา วจิยั หวงั ว ูซุก สารภาพภายหลงัยอมรบัว่าไขบ่างสว่น
ไดม้าจากนกัวจิยัหญงิในทมี และบางสว่นใชเ้งนิซือ้ ซึง่ผดิจรรยาบรรณและผดิกฎหมายเกาหลใีต้ ทีไ่ขม่นุษย์
เพื่อการวจิยัไม่อนุญาตใหซ้ือ้ขาย และทาํไดด้ว้ยการรบับรจิาคจากบุคคลทัว่ไปทีไ่ม่อยู่ในทมีวจิยัเท่านัน้  

 
Editor's note: Hwang Woo-suk has admitted to faking his human cloning and stem cell work, and his 

published data has been retracted from the journal Science 
.  
ยิง่ไปกว่านัน้คอื การหลอกลวงผลการทดลองทีพ่บในเวลาต่อมาว่า ไม่สามารถทาํซํ้าเพื่อยนืยนัผลโดย
นกัวทิยาศาสตรอ์ื่นได ้มหาวทิยาลยัแห่งชาตเิกาหลไีล่เขาออก หวงั ว ูซุก ถูกอายดัทรพัยแ์ละสอบสวนเงนิทุน
วจิยั ตําแหน่งเกยีรตยิศทุกตําแหน่ง รวมทัง้ใบอนุญาตการวจิยัถูกถอดถอนทัง้หมด ความรกัความหวงัทีม่ต่ีอ
อดตีศาสตราจารยป์ระจาํมหาวทิยาลยัแห่งชาตเิกาหลใีต้ ผูรุ้่งโรจน์ถล่มทลายลงบดัเดีย๋วนัน้  
 
 
“การทาํผดิจรยิธรรมของนกัวจิยัเป็นเรื่องใหญ่ของสงัคม สิง่ที ่หวงั ว ูซุก กระทาํลงไป ไม่ว่าจะเพราะอยากดงั
หรอือยากไดช้ื่อเสยีงผลประโยชน์ หรอืแมท้าํไปเพราะถูกกดดนั ไม่ว่าจะดว้ยเหตุใดการกระทาํของเขาไมม่ขีอ้
แกต้วั” นพ.สมศกัดิ ์ชุณหรศัมิ ์เลขาธกิารมลูนิธสิาธารณสขุแห่งชาต ิกล่าว  
 
เรื่องจรงิยิง่กว่า Sci-Fi  
 
“คนเก่งทีโ่ลกไมต่อ้งการ” เป็นชือ่นิยายวทิยาศาสตร ์)Sci-Fi) เรื่องหนึ่งทีเ่ขยีนไวต้ัง้แต่ปี 2532 ของ
นกัวทิยาศาสตรแ์ละนกัเขยีน ดร.ชยัวฒัน์ คุประตกุล โดยเป็นเรื่องของนกัวทิยาศาสตรผ์ูม้องมุมเดยีว และ
คน้ควา้สิง่ประดษิฐท์ีโ่ลกไม่ตอ้งการ เรื่องราวของ หวงั ว ูซุก แมจ้ะไม่เหมอืนกนัเสยีทเีดยีว แต่กส็ะทอ้นใหเ้หน็
การมองมมุเดยีวของนกัวทิยาศาสตร ์ทีมุ่่งแต่จะเอาชนะความทา้ทายแห่งองคค์วามรู ้มองแต่ในแง่
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ความกา้วหน้าทางวทิยาการ จนบกพร่องดา้นศลีธรรมและจรยิธรรมทีพ่งึควร  
 
จะเปิดกวา้งองศาการมอง ตอ้งฟงัสามญัสาํนึกแห่งตวัร่วมกบัคนในสงัคม เสน้แบ่งของจรยิธรรมเกีย่วกบัการ
คน้ควา้วจิยัสิง่ใหม่ควรทาํไดแ้ค่ไหนอย่างไร ตอ้งชว่ยกนัคดิขดีตรวจสอบ ก่อนทีผ่ลผลติแห่งนกัวทิยาศาสตร์
โลกอนาคตอย่าง The Island หรอื “คนเก่งทีโ่ลกไม่ตอ้งการ” จะกลายเป็นเรื่องจรงิ (ทีจ่ะโหดและเหลอืเชื่อกว่า
ในนิยายเยอะ!!) 
 
ท่ีมา เรื่องอือ้ฉาวลวงโลก บาปของนกัวทิยาศาสตรจ์รรยาบรรณบกพร่อง :, ARTgazine Articles:บทความ
ทัว่ไป. สบืคน้เมื่อ 9   สงิหาคม 2552 จาก http://www.artgazine.com/shoutouts/viewtopic.php?t=2455 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.artgazine.com/shoutouts/viewtopic.php?t=2455&start=0&postdays=0&postorder=asc&highlight=
http://www.artgazine.com/shoutouts/index.php
http://www.artgazine.com/shoutouts/viewforum.php?f=5
http://www.artgazine.com/shoutouts/viewforum.php?f=5
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“Scientists should not fabricate, falsify, or misrepresent data or results. They should be objective, 
unbiased, and trustful in all aspects of the research process.” 

 
การบ้าน 

เร่ือง โครงสร้างอะตอม ( 2 คะแนน) 
ให้นักเรียนสืบค้นข้อมลูเพ่ือตอบค าถามต่อไปน้ี  โดยระบท่ีุมาของเอกสาร/แหล่งอ้างอิง
ด้วย (ถ้าม)ี 

 
ช่ือ-นามสกลุ ............................................................................ ม. 4/7 เลขท่ี ................ 
 
1. Why does the electron have to move around the nucleus? Why does it not lose 
energy moving around it? 

 
 
 
 

 
 

 
 
2. Do electrons ever "fall" into the nucleus of an atom? 
 
 
 
 
 
 
 
 
 
“นกัวทิยาศาสตรไ์ม่ควรสรา้งขอ้มลู )fabricate) แกไ้ขขอ้มลู )falsify) หรอืนําเสนอขอ้มลูหรอืผลการทดลองทีไ่ม่

ตรงตามจรงิ )misrepresent) อกีทัง้ควรเป็นคนทีต่ดัสนิใจบนพืน้ฐานของขอ้เทจ็จรงิ )objective) ไม่ลาํเอยีง 
)unbiased) เป็นทีน่่าไวว้างใจ )trustful) ในทุกแง่มมุของกระบวนการวจิยั” 
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“Credit should be given where credit is due but not where it is not due” 

ตวัอย่างการเขียนอ้างอิง 
Plagiarism คืออะไร 
 เรื่องนี้กาํลงัเป็นเรื่องใหญ่ทีทุ่กคนกล่าวขวญัถงึ โดยเฉพาะบรรดานกัวชิาการ นกัวจิยั และนกัศกึษา
ทีต่อ้งเขยีนวทิยานิพนธ ์…Plagiarism คอื การคดัลอกผลงานหรอืขโมยความคดิของคนอื่นโดยไม่อา้งองิให้
ถูกตอ้ง บางคนเรยีกว่า “โจรกรรมทางวชิาการ” หรอื “โจรกรรมทางวรรณกรรม“แต่จะว่าไป สมยันี้การเขยีน
บทความทางออนไลน์ ทาํใหก้าร “ตดั -แปะ ” (cut & paste) ทาํไดง้่ายมาก เดก็นกัเรยีนบา้นเรากช็อบมาก ทีจ่ะ
คน้ google แลว้ ตดั -แปะ ขอ้มลูทีไ่ดจ้าก wikipedia เพื่อทาํการบา้นสง่คร ู… 
 เรื่อง Plagiarism ถอืเป็นจรยิธรรมในการวจิยัทีส่าํคญัอย่างหนึ่ง และเมื่อเทคโนโลยเีอือ้อาํนวย มี
การสรา้งโปรแกรมประเภท “Digital Detective” ขึน้ จงึทาํใหก้ารตรวจจบัทาํไดง้่ายขึน้กว่าสมยักอ่นมาก และ
เป็นประโยชน์อย่างยิง่ต่อบรรดาบรรณาธกิารวารสาร ทีจ่ะใชเ้ป็นเครื่องมอืตรวจความซํ้าซอ้นของเน้ือหา
บทความ ก่อนรบัลงตพีมิพ ์… 
Plagiarism โจรกรรมทางวชิาการ หอ้งสมุดสตางค ์มงคลสขุ คณะวทิยาศาสตร ์มหาวทิยาลยัมหดิล. 
[ออนไลน์]. เขา้ถงึไดจ้าก : http://stanglibrary.wordpress.com/tag/plagiarism/.(วนัทีค่น้ขอ้มลู : 15 มถุินายน 
2552). 
 

 
 
 

Cite this page: "Online Ethics Home" Online Ethics Center for Engineering 10/10/2002 2:59:06 PM 
National Academy of Engineering Accessed: Monday, June 15, 2009 <www.onlineethics.org/>  

 
“ความเชื่อถอื )Credit) ควรจะมอบใหก้บัผูท้ีไ่ดล้งมอืปฏบิตังิานนัน้จรงิเป็นผลสาํเรจ็ 
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Appendix E 
ภาพบรรยากาศทางจรยิธรรมในชัน้เรยีนและโต๊ะทาํงานผูว้จิยั 
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Appendix F  
ภาพกจิกรรมต่างๆของนกัเรยีนในหอ้งเรยีน 

ภาพกจิกรรมนอกหอ้งเรยีน )การวาดภาพสตัวท์ดลอง ครัง้ที ่3) 
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Appendix G 
ตวัอยา่งภาพเวบ็ไซต์ประกอบการเรยีนรู ้เคมคีู่คุณธรรม 
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Appendix H 
ตวัอยา่งแบบฝึกหดัและบทปฏบิตักิาร 
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“Scientists should not fabricate, falsify, or misrepresent data or results. 
They should be objective, unbiased, and trustful in all aspects of the research process.” 

 
แบบฝึกหดั เรือ่ง แรงยึดเหน่ียวระหว่างโมเลกลุโคเวเลนต ์

ชื่อ-นามสกุล ...............................................................................   เลขที ่.............  หอ้ง ม. 4/1 
1. จงบอกชนิดของแรงยดึเหนี่ยวระหว่างโมเลกุลทีส่าํคญัของสารทีก่าํหนดใหต่้อไปนี้ 

 
สาร แรงยึดเหน่ียวระหว่างโมเลกลุ 

มเีทน (CH4)  
ไฮโดรเจนซลัไฟด ์(H2S)  
กรดไฮโดรคลอรกิ (HCl)  
น้ําแขง็แหง้ (CO2)  
กรดแอซตีกิ (CH3COOH)  

 
2. SiH4 มมีวลโมเลกุลสงูกว่า NH3 แต่มจีุดเดอืดตํ่ากว่า เพราะเหตุใด 

 
 

3. กาํหนดตารางแสดงจุดหลอมเหลวและจุดเดอืดของสารดงันี้ 
 
สาร จดุหลอมเหลว (๐C) จดุเดือด (๐C) 

เอทานอล (CH3CH2OH) -114.1 78.3 
เมทอกซมีเีทน (CH3OCH3) -138.5 -23.0 
 
สารใดน่าจะมพีนัธะไฮโดรเจนยดึเหนี่ยวระหว่างโมเลกุล เพราะเหตุใด 

 
 
 
 
 
 

            
  http://www.claybennett.com/images/archivetoons/ethics.jpg 
 

 
 
 
 
 
 

“นกัวทิยาศาสตรไ์มค่วรสรา้งขอ้มลู แกไ้ขขอ้มลู หรอืน าเสนอขอ้มลูหรอืผลการทดลองทีไ่มต่รงตามจรงิ อกีทัง้ควรตดัสนิใจบน
พื้นฐานของความเป็นจรงิ ไมล่ าเอยีง และเป็นทีน่่าไวว้างใจในทุกแงม่มุของกระบวนการวจิยั” 
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“Scientists should use resources efficiently.” 
 

การทดลอง เรือ่ง การเกิดปฏิกิริยาของสารประกอบไอออนิก 
จดุประสงค ์ 

……………………………………………………………………………………………………………
…………………………………………………………………………………………………………………...…
……………………………………………………………………………………………………………………... 
 

ช่ือสมาชิกในกลุม่ 
1. ………………………………………………………. เลขที ่............. หอ้ง ม. 4/7 
2. ………………………………………………………. เลขที ่............. หอ้ง ม. 4/7 
3.  ………………………………………………………. เลขที ่............. หอ้ง ม. 4/7 

 
วนัท่ีท าการทดลอง ………………………………………… 
วิธีทดลอง 

 
1. เลอืกสารละลายต่อไปนี้ Ca(OH)2, Na2SO4 หรอื KI มา 1 ชนิด ใสล่งในหลอดทดลอง

ขนาดเลก็ 3 หลอดๆ ละ 1 cm3  

2. เตมิสารละลาย Na2CO3 NH4Cl และ Pb(NO3)2 อย่างละ 1 cm3 ลงในหลอดที ่1 2 และ 3 
หลอดละชนิด ตามลาํดบั สงัเกตการเปลีย่นแปลง และบนัทกึผล 

 
ผลการทดลอง 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

“นกัวทิยาศาสตรค์วรใชท้รพัยากรต่างๆอย่างมปีระสทิธภิาพ” 
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“Scientists should use resources efficiently.” 
 

สรปุและอภิปรายผลการทดลอง 
 
 
 
 
 
 
 
 
ค าถามหลงัการทดลอง 

1. สารละลายทีผ่สมกนั คู่ใดบา้งทีเ่กดิปฏกิริยิาเคม ีทราบไดอ้ย่างไร 
 
 
 
 
 
 
 
 

2. สมการแสดงปฏกิริยิาทีเ่กดิขึน้เป็นอย่างไร 
 
 

 
  
 
 
 
 
 
 
 
 
 
 

“นกัวทิยาศาสตรค์วรใชท้รพัยากรต่างๆอย่างมปีระสทิธภิาพ” 
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Appendix I 
ตวัอย่างสไลดจ์ริยธรรมก่อนเรียน ค าคมทางจริยธรรมและ 

ผลงานค าคมทางจริยธรรมของนักเรียน 
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ค าคมจริยธรรมทางวิทยาศาสตรข์องนักเรียน 
 
วทิยาศาสตรท์าํใหเ้รารูท้ีม่าของชวีติ แต่จรยิธรรมทําใหเ้รารูว้่าตอ้งทาํยงัไงกบัชวีติทีไ่ดม้า 
Science leads us to the origins of life, ethics teaches us how to live life. 
จรยิธรรมทางวทิยาศาสตร ์ขาดไปคงไรซ้ึง่อนาคต 
A future in science without ethics, is no future at all. 
หากนกัวทิยาศาสตรเ์ปรยีบเหมอืนนาฬกิา ถา้เดนิไมต่รงเวลา … จะก่อใหเ้กดิประโยชน์ไดอ้ย่างไร 
If scientists are likened to a clock with inaccurate time, … how then can they be useful? 
นกัวทิยาศาสตรต์อ้งมปีณธิานและอุดมการณ์ทีด่ ีเพราะพวกเขาสามารถเปลี่ยนแปลงโลกไดด้ว้ย
วทิยาศาสตร ์แต่ปกป้องโลกไดด้ว้ยคุณธรรม 
A scientist with good resolution and vision can change the world, a scientist with ethics and 
morals protects the world. 
วทิยาศาสตรก์้าวหน้า นกัวทิยาศาสตรก์า้วไกล จรยิธรรมรกัษาไว ้งานวจิยัพฒันา 
Progressive science, visionary scientists, uphold ethics culminate into progressive research. 
เหยีย่วกบัแรง้ เหมอืนจะคลา้ยแต่กต่็าง เฉกเช่นเดยีวกบัคนทีไ่รจ้รยิธรรมกบัคนทีม่จีรยิธรรม 
An eagle and a vulture may seem similar, but are different. The same holds true between 
an ethical and unethical person. 
ถา้วทิยาศาสตรเ์ปรยีบเสมอืนตน้ไม ้จรยิธรรมกค็งเปรยีบเสมอืนน้ําทีห่ล่อเลีย้งใหต้้นไมเ้ตบิโตได้
อยา่งงดงาม 
If science is a tree, ethics is the water that helps it grow beautifully. 
ความกตญัํเูป็นเครือ่งหมายของคนดฉีันใด  จรยิธรรมกเ็ป็นเครือ่งหมายของนกัวทิยาศาสตรท์ีด่ฉีัน
นัน้ 
If gratitude symbolizes good people, then ethics symbolizes good scientists. 
ถา้เปรยีบความรูเ้ป็นลาํของตน้ไมท้ีแ่ขง็แรงแลว้ ยอ่มขาดไมไ่ดซ้ึง่รากทีแ่ขง็แรงและสมบรูณ์กว่าซึง่
นัน่กค็อืจรยิธรรมนัน่เอง 
If knowledge is the trunk of a tree, then ethics is the root of its very strength. 
ถา้นกัวทิยาศาสตรเ์ป็นผูท้ีม่ชี ื่อเสยีงโดยทําผดิกฎหมาย กเ็หมอืนไม่ประสบความสาํเรจ็ในชวีติ 
A successful scientist who achieves fame through unjustifiable means is like an 
unsuccessful person in life. 
นกัวทิยาศาสตรท์ีม่คีุณธรรม เปรยีบเหมอืนนกัรบทีม่อีาวุธครบมอื ส่วนนกัวทิยาศาสตรท์ีไ่ร้
คุณธรรมนัน้กเ็ปรยีบเหมอืนนกัรบทีม่อีาวุธครบมอืไดเ้ช่นกนั แต่เป็นอาวุธทีม่แีต่รอยบิน่ รอยรา้ว
และพรอ้มจะแตกเป็นเสีย่งๆไดทุ้กเมือ่ 
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An ethical scientist is like a warrior with well-equipped weapons. An unethical scientist is 
also a warrior with weapons, but ones that are chipped and faulty. 
เปรยีบนกัวทิยาศาสตรเ์ป็นลกูบอลแลว้ นกัวทิยาศาสตรท์ีไ่รคุ้ณธรรมกเ็ปรยีบเสมอืนลกูบอลทีไ่ม่มี
ลม ยอ่มเป็นลกูบอลทีไ่มส่ามารถนํามาใชก้ารไดด้ว้ยประสทิธภิาพทีเ่ตม็ที่ 
If a scientist is likened to an inflated ball, an unethical scientist is a deflated ball that has no 
use. 
นกัวทิยาศาสตรใ์ช่เพยีงรูถ้งึทฤษฎขีองจรยิธรรมทางวทิยาศาสตร ์แต่นกัวทิยาศาสตรต์อ้งปฏบิตัใิห้
ไดต้ามทฤษฎขีองจรยิธรรมทางวทิยาศาสตร ์จงึจะไดช้ื่อว่า เป็นนกัวทิยาศาสตรอ์ย่างแทจ้รงิ 
A true scientist not only understands the theory of ethics, but practices it. 
นกัวทิยาศาสตรท์ีม่คีุณธรรม เปรยีบเสมอืนแพทยท์ี่มเีครือ่งมอืพรอ้มรกัษาคนไข ้ส่วน
นกัวทิยาศาสตรท์ีไ่รคุ้ณธรรม เปรยีบเสมอืนแพทยท์ีไ่รอุ้ปกรณ์ในการรกัษา ถงึแมจ้ะมคีวามรูม้าก
เพยีงใด กไ็มส่ามารถรกัษาคนไขไ้ด้ 
Scientists that uphold ethics are like physicians with tools to cure patients. Unethical 
scientists are like ill-equipped physicians with knowledge, but no curing skills. 
“คาํอธษิฐาน” เมือ่ไดเ้กดิมาแลว้ ขออยา่ใหข้า้พเจา้ลาํบากยากจน หากขา้พเจา้ลาํบากยากจน ขอ
อยา่ใหข้า้พเจา้ไรซ้ึง่คุณธรรม หากขา้พเจา้ไรซ้ึง่คุณธรรม  ขออยา่ใหข้า้พเจา้เป็นคนอกตญัํู หาก
ขา้พเจา้อกตญัํเูสยีแลว้ ขออยา่ใหข้า้พเจา้ไดเ้กดิมาเลย” 
“Words of Blessings” Now that I am in this world, pray not let me be poor. If I am poor, 
pray not let me be unethical. If I am unethical, pray not let me be ungrateful. If I am 
ungrateful, pray not that I am not born into this world. 
แมพ่มิพค์อืสิง่ทีห่ล่อหลอมวตัถุ คุณธรรมคอืสิง่ทีห่ล่อหลอมจติใจ 
If a mold shapes materials, then morality shapes the mind. 
จรยิธรรมทางวทิยาศาสตร ์อยา่ใหข้าดไปในชวีติ ทาํอะไรควรหมัน่รูจ้กัคดิ ไมท่ําผดิสุขสมสบายใจ 
Do not let science be unethical, think wisely and do no wrong, then happiness follows. 
Scientists without ethics are not true scientists. )นกัเรยีนเขยีนมาเป็นภาษาองักฤษ) 
คุณธรรมเปรยีบเสมอืนหางเสอื ทีค่วบคุมหวัเรอืของประเทศชาติ 
Morality is like an anchor that steers a country ahead. 
เราตอ้งเชื่อในสิง่ทีพ่สิูจน์ได ้แต่การพสิจูน์นัน้ตอ้งไมผ่ดิจรยิธรรม 
We must believe in what we can prove, but the proven must not be unethical. 
วทิยาศาสตรเ์ปรยีบดงัหลอดไฟ ถา้ใชม้นัผดิวธิ ีคุณจะมองเหน็แต่ความมดืมดิ แต่เมือ่ใดทีคุ่ณทาํให้
มนัสว่างขึน้ในความมดื มนัจะใหป้ระโยชน์แก่คุณมหาศาล 
Science is like a light bulb, if wrongly used, you will only see darkness. Only when you can 
make brightness out of darkness, you can fully reap the benefits. 
จงวจิยัใหอ้ยูใ่นหลกัของความดงีาม 
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Do goodness - based research. 
ศาสตรท์ุกศาสตรย์อ่มสะอาดดว้ยหลกัความด ี
All disciplines originate from the purity of goodness. 
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Appendix J 
ตวัอย่างการหาคณุภาพเคร่ืองมือ 
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TABLE 15 ITEM-OBJECTIVE CONGRUENCE OF SURVEY OF SCIENCE TEACHERS  
      AND STUDENTS’ OPINIONS ON LEARNING ETHICS IN SCIENCE 
 

TEACHERS STUDENTS 
  Items IOC Items IOC 
Part A 
Part B  

1 
2 

Part C 
1 
2 
3 
4 
5 
6 
7 

Part D 
1 
2 
3 
4 
5 
6 
7 

1.00 
 

1.00 
1.00 

 
1.00 
1.00 
1.00 
0.67 
1.00 
1.00 
1.00 

 
1.00 
0.67 
1.00 
1.00 
1.00 
1.00 
1.00 

Part A 
Part B 

1 
2 
3 
4 

Part C 
1 
2 

Part D 
1 
2 
3 
4 
 
 

1.00 
 

1.00 
1.00 
1.00 
1.00 

 
0.67 
1.00 

 
1.00 
1.00 
1.00 
1.00 
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TABLE 16  ITEM-OBJECTIVE CONGRUENCE OF LESSON PLANS ON TEACHING  
      ETHICS IN SCIENCE 
 
  Items IOC Items IOC Items IOC 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

1.00 
1.00 
0.67 
1.00 
1.00 
1.00 
1.00 
0.67 
0.67 
1.00 
1.00 
1.00 
1.00 
0.67 
0.67 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

1.00 
0.67 
1.00 
1.00 
1.00 
0.67 
1.00 
1.00 
0.67 
1.00 
1.00 
1.00 
0.67 
1.00 
1.00 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
 

0.67 
1.00 
1.00 
1.00 
0.67 
1.00 
0.67 
1.00 
1.00 
0.67 
1.00 
1.00 
1.00 
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TABLE 17  ITEM-OBJECTIVE CONGRUENCE OF WEBSITE (CONTENT &  
      PERFORMANCE) 
 

    CONTENT PERFORMANCE 
  Items IOC   Items IOC 

1 
2 
3 
4 
5 
6 
7 
 

0.67 
0.67 
1.00 
1.00 
0.67 
1.00 
1.00 

 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
 

0.67 
0.67 
1.00 
1.00 
0.67 
1.00 
0.67 
0.67 
0.67 
1.00 

 
 
 
TABLE 18  ITEM-OBJECTIVE CONGRUENCE OF INTERVIEW QUESTIONS  
 

Items    IOC Items IOC 
1 
2 
3 
4 
5 

1.00 
1.00 
1.00 
1.00 
1.00 

6 
7 
8 
9 

1.00 
1.00 
1.00 
1.00 
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TABLE 19  ITEM-OBJECTIVE CONGRUENCE OF PRE- POST TEST OF  
      UNDERSTANDING OF ETHICS IN SCIENCE  
 

Items    IOC 
1 
2 
3 
4 
5 

0.67 
0.67 
1.00 
1.00 
1.00 

 
  
 
TABLE 20  ITEM-OBJECTIVE CONGRUENCE OF OPINIONS ON LEARNING  
      ETHICS IN SCIENCE  
 

Items    IOC Items IOC 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1.00 
1.00 
1.00 
1.00 
0.67 
1.00 
1.00 
1.00 
1.00 
0.67 

11 
12 
13 
14 
15 
16 
17 
 
 

0.67 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
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TABLE 21  ITEM-OBJECTIVE CONGRUENCE OF THINKING SKILLS EVALUATION  
      FORM 
 

  Items IOC Items IOC 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

1.00 
1.00 
1.00 
1.00 
1.00 
0.67 
1.00 
1.00 
1.00 
1.00 
0.67 
1.00 
1.00 
1.00 
1.00 
0.67 
1.00 
1.00 
1.00 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0.67 
1.00 
1.00 
1.00 
1.00 
1.00 
0.67 
1.00 
1.00 
1.00 
1.00 
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Appendix K 
ตวัอย่างผลการเกดบข้อมูล 
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TABLE 22 THE COMPARATION OF THE DIFFERENCE BETWEEN PRETEST AND           
      POSTTEST OF ETHICS IN SCIENCE 
 

    Ethics in Science Achievement (15 scores) 
  Number Pretest  

(n=24) 
Posttest 
(n=24) 

Difference 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

8.0 
6.5 
7.5 
8.0 
7.5 
7.5 
7.0 
7.0 
3.5 
9.0 
7.0 
7.0 
6.0 
5.5 
5.0 
5.5 
4.5 
4.0 
5.0 
5.5 
2.0 
4.0 
7.0 
9.5 

15.0 
14.0 
12.5 
14.0 
13.0 
11.0 
15.0 
12.5 
10.0 
14.5 
12.5 
9.5 
13.5 
14.0 
13.5 
11.5 
13.5 
14.5 
12.0 
12.5 
13.5 
14.0 
11.0 
15.0 

 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

   
 + means the difference of achievement posttest is higher than pretest 
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TABLE 23 THE FREQUENCY OF THE STUDENTS’ OPINION ON LEARNING ETHICS IN SCIENCE (BEFORE STUDYING) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No. Statement Strongly 
agree 

Agree Neutral Disagree Strongly 
disagree 

Mean S.D 

1 I always like studying science in new 
perspectives. 

8 16 - - - 4.33 0.48 

2 I think that science and ethics are related. 6 13 5 - - 4.04 0.69 
3 I’m interested in and curious about how I will 

be a good scientist.  
4 10 9 1 - 3.71 0.81 

4 I understand ethics in science well.  2 11 9 2 - 3.54 0.78 
5 I think that study ethics in science would be 

the basis of becoming a good scientist.  
9 11 3 1 - 4.17 0.82 

6 I would like to be a good, ethical, and role 
model scientist to other ones.  

6 14 3 1 - 4.04 0.75 

7 Study of behaviors and characteristics of 
ethical scientist is interesting.  

1 17 5 1 - 3.75 0.61 

8 I think that all science students should study 
about ethics in science as a basis for 
studying other science subjects.  

8 13 3 - - 4.21 0.66 

9 I think ethics in science is difficult and boring 
to study.  

1 2 9 9 3 2.54 0.98 

10 Studying ethics in science helps me open up 
my point of view on another side of science 
that I have never known before. 

6 9 9 - - 3.88 0.80 
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TABLE 23 (continued) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No. Statement Strongly 
agree 

Agree Neutral Disagree Strongly 
disagree 

Mean S.D 

11 Studying ethics in science is useful for me to 
live my daily life, further education and 
professional job.  

7 13 4 - - 4.13 0.68 

12 Studying ethics in science makes me aware 
and appreciate in the importance and value 
of way of life.  

4 14 6 - - 3.92 0.65 

13 Studying ethics in science teaches me that I 
have to make more social responsibility.  

7 15 2 - - 4.21 0.59 

14 I’m interested in pursuing my career on 
ethics in science.  

- 9 12 2 1 3.21 0.78 

15 Ethics in science is very important for 
science student, also scientists in different 
fields of interest.  

9 14 1 - - 4.33 0.56 

16 I would like all schools to provide ethics in 
science in science curriculum.  

6 10 7 - 1 3.83 0.96 

17 Ethical scientist will help society be 
prosperous, livable and make everyone live 
together happily. 

17 6 1 - - 4.67 0.56 
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No. Statement Strongly 
agree 

Agree Neutral Disagree Strongly 
disagree 

Mean S.D 

1 I always like studying science in new 
perspectives. 

10 13 1 - - 4.38 0.58 

2 I think that science and ethics are related. 16 6 2 - - 4.58 0.65 
3 I’m interested in and curious about how I will 

be a good scientist.  
12 9 3 - - 4.38 0.71 

4 I understand ethics in science well.  11 10 3 - - 4.33 0.70 
5 I think that study ethics in science would be 

the basis of becoming a good scientist.  
13 11 - - - 4.54 0.51 

6 I would like to be a good, ethical, and role 
model scientist to other ones.  

12 11 1 - - 4.46 0.59 

7 Study of behaviors and characteristics of 
ethical scientist is interesting.  

11 12 1 - - 4.42 0.58 

8 I think that all science students should study 
about ethics in science as a basis for 
studying other science subjects.  

16 7 1 - - 4.63 0.58 

9 I think ethics in science is difficult and boring 
to study.  

1 2 2 11 8 2.04 1.08 

10 Studying ethics in science helps me open up 
my point of view on another side of science 
that I have never known before. 

10 10 4 - - 4.25 0.74 

TABLE 24  THE FREQUENCY OF THE STUDENTS’ OPINION ON LEARNING ETHICS IN SCIENCE (AFTER STUDYING) 
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No. Statement Strongly 
agree 

Agree Neutral Disagree Strongly 
disagree 

Mean S.D 

11 Studying ethics in science is useful for me to 
live my daily life, further education and 
professional job.  

10 13 1 - - 4.38 0.58 

12 Studying ethics in science makes me aware 
and appreciate in the importance and value 
of way of life.  

12 11 1 - - 4.46 0.59 

13 Studying ethics in science teaches me that I 
have to make more social responsibility.  

10 13 1 - - 4.38 0.58 

14 I’m interested in pursuing my career on 
ethics in science.  

5 9 9 1 - 3.75 0.85 

15 Ethics in science is very important for 
science student, also scientists in different 
fields of interest.  

15 8 1 - - 4.58 0.58 
 

16 I would like all schools to provide ethics in 
science in science curriculum.  

10 9 5 - - 4.21 0.78 

17 Ethical scientist will help society be 
prosperous, livable and make everyone live 
together happily. 

16 7 1 - - 4.63 0.58 

TABLE 24  (continued) 
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9 

TABLE 25 THE FREQUENCY OF THE STUDENTS’ PRACTICAL THINKING SKILL ON LEARNING ETHICS IN SCIENCE (BEFORE   
      STUDYING) 

 
No. Statement Strongly 

agree 
Agree Neutral Disagree Strongly 

disagree 
Mean S.D 

 
1 

Honesty 
I draw a conclusion and report my result as its real 
data as obtained from an experiment. 

6 15 3 - - 4.13 0.61 

2 I don’t fabricate or falsify data from experiment in 
order to get the expected result. 

1 18 4 1 - 3.79 0.59 

3 I ask or copy my friends’ exams. - 1 3 8 12 4.29 0.89 
 Mean rating for the principle of honesty      4.07 0.72 
 
4 

Carefulness 
I conduct an experiment and present results by 
minimizing experimental and human error. 

4 12 8 - - 3.83 0.70 

5 I avoid self-deception and bias in experiments.  5 13 5 1 - 3.92 0.78 
 Mean rating for the principle of carefulness      3.88  
 
6 

Openness 
I usually would like to share data, results, methods 
or ideas with peers.  

7 16 - 1 - 4.21 0.66 

7 I would like my peers to be able to review my 
experimental results or science project. 

5 15 4 - - 4.04 0.62 
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24

0 

TABLE 25 (continued) 

No. Statement Strongly 
agree 

Agree Neutral Disagree Strongly 
disagree 

Mean S.D 

8 I am open to criticism and new ideas on my 
experimental results or science project. 

8 14 2 - - 4.25 0.61 

9 I don’t want anybody know important data of my 
results or science project that I am doing, and not 
completely finish yet 

- 5 9 10 - 3.21 0.78 

10 I don’t want to perceive new ideas, methods, or 
peers.  

1 2 4 13 4 3.71 1.00 

11 I like working cooperatively and trust the others. 4 16 3 1 - 3.96 0.69 
 Mean rating for the principle of openness      3.90  
 

12 
Freedom 
I like to be free to conduct research on any problem 
or hypothesis.  

6 13 5 - - 4.04 0.69 

13 I like to be free in doing inquiry in science for my 
experiment or science project. 

7 12 4 1 - 4.04 0.81 

14 If I had a freedom in doing an experiment that may 
harm the others, I would do it.  

- 4 2 9 9 3.96 1.08 

 Mean rating for the principle of freedom      4.01  
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1 

TABLE 25 (continued) 

No. Statement Strongly 
agree 

Agree Neutral Disagree Strongly 
disagree 

Mean S.D 

 
15 

Credit 
I put my friend’s names who are not involved in the 
experiments or group work in the report or 
assignment. 

- 14 6 4 - 2.58 0.78 

16 I agree on the punishment for students who copy 
other students’ assignment or plagiarize 

3 11 7 1 2 3.50 1.06 

 Mean rating for the principle of credit      3.04  
 

17 
Education 
I always teach or explain my friend on the topics or 
experiments they don’t understand.  

3 15 5 1 - 3.83 0.70 

18 I want to make sure that my friends always do the 
good and proper experiment.  

2 12 8 2 - 3.58 0.78 

19 If I had a change to educate or give a seminar or 
workshop in science to community or public, I am 
willing to do it. 

4 15 3 2 - 3.88 0.80 

 Mean rating for the principle of education      3.76  
 
 

20 

Social responsibility 
I will definitely not do any science experiment that 
harm school or society. 

10 13 1 - - 4.38 0.58 
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2 

TABLE 25 (continued) 

No. Statement Strongly 
agree 

Agree Neutral Disagree Strongly 
disagree 

Mean S.D 

21 I will try to bring scientific knowledge to make best 
benefit to society.  

9 13 2 - - 4.29 0.62 

22 I will take my responsibility on my science 
experiment or project I have conducted.  

6 15 2 1 - 4.08 0.72 

23 I will inform public or society knows about the 
scientific results or findings.  

4 14 5 1 - 3.88 0.74 

 Mean rating for the principle of social 
responsibility 

     4.16  

 
24 

Legality 
I always do my experiments or science project 
under the code of conduct or related standard. 

9 12 2 - 1 4.17 0.92 

25 I will conduct an experiment with high get paid 
regardless of legality.  

- 2 5 8 9 4.00 0.98 

26 I do not use hazardous and prohibited chemicals, 
human and animals in experiment if I am not legally 
allowed. 

14 8 1 1 - 4.46 0.78 

 Mean rating for the principle of legality      4.21  
 

27 
Opportunity 
I’m not satisfied if It is unfair for me in using 
resources in doing science experiment or project.  

5 11 7 1 - 3.83 0.82 

 



243 

 
24
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TABLE 25 (continued) 

No. Statement Strongly 
agree 

Agree Neutral Disagree Strongly 
disagree 

Mean S.D 

28 I think female scientists should get the equal 
opportunity as well as male scientists in doing 
scientific work.  

17 6 1 - - 4.67 0.56 

 Mean rating for the principle of opportunity      4.25  
 

29 
Mutual respect 
I don’t want my peers to harm me both physically 
and mentally. 

7 15 1 1 - 4.17 0.70 

30 I respect the privacy of all group members. 6 14 4 - - 4.08 0.65 
31 I won’t get involved in my peers’ experiment which 

can cause danger, if not allowed.  
6 17 1 - - 4.21 0.51 

 Mean rating for the principle of mutual respect      4.15  
 

32 
Efficiency 
I always use materials and chemicals in experiments 
efficiently. (worth, value, and most effective). 

5 13 6 - - 3.96 0.69 

33 I will minimize animals in lab and most efficient or I 
will use other subjects instead of animals if possible.  

10 9 4 1 - 4.17 0.87 

34 I will use resources that can be reused. 3 15 6 - - 3.88 0.61 
 Mean rating for the principle of efficiency      4.00  
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TABLE 25 (continued) 

No. Statement Strongly 
agree 

Agree Neutral Disagree Strongly 
disagree 

Mean S.D 

 
35 

Respect for subjects 
I will treat animal subjects with care and respect. 

10 12 2 - - 4.33 0.64 

36 I will take good care of animal subjects regarding of 
their welfare such as enough space place to live, 
sterile, enough food and water, and no torturing.  

8 15 1 - - 4.29 0.55 

37 I don’t think animal subjects should be take care 
much because they eventually will be killed. 

- 1 4 8 11 4.21 0.88 

38 Subjects have their own rights to stop or withdraw 
from experiment anytime if they feel that they will be 
harm or killed. 

13 10 1 - - 4.50 0.59 

 Mean rating for the principle of respect for 
subjects 

     4.33  
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TABLE 26 THE FREQUENCY OF THE STUDENTS’ PRACTICAL THINKING SKILL ON LEARNING ETHICS IN SCIENCE (AFTER STUDYING) 
 

No. Statement Strongly 
agree 

Agree Neutral Disagree Strongly 
disagree 

Mean S.D 

 
1 

Honesty 
I draw a conclusion and report my result as its real data 
as obtained from an experiment. 

7 16 1 - - 4.25 0.53 

2 I don’t fabricate or falsify data from experiment in order 
to get the expected result. 

8 9 7 - - 4.04 0.81 

3 I ask or copy my friends’ exams. - - 2 9 13 4.46 0.66 
 Mean rating for the principle of honesty      4.25  
 
4 

Carefulness 
I conduct an experiment and present results by 
minimizing experimental and human error. 

9 10 3 2 - 4.08 0.93 

5 I avoid self-deception and bias in experiments.  8 13 2 1 - 4.17 0.76 
 Mean rating for the principle of carefulness      4.13  
 
6 

Openness 
I usually would like to share data, results, methods or 
ideas with peers.  

16 8 - - - 4.67 0.48 

7 I would like my peers to be able to review my 
experimental results or science project. 

14 9 1 - - 4.54 0.59 
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TABLE 26 (continued) 

No. Statement Strongly 
agree 

Agree Neutral Disagree Strongly 
disagree 

Mean S.D 

8 I am open to criticism and new ideas on my 
experimental results or science project. 

14 9 1 - - 4.54 0.59 

9 I don’t want anybody know important data of my results 
or science project that I am doing, and not completely 
finish yet 

1 6 1 12 4 3.50 1.18 

10 I don’t want to perceive new ideas, methods, or peers.  - - 1 9 14 4.54 0.59 
11 I like working cooperatively and trust the others. 11 12 1 - - 4.42 0.58 
 Mean rating for the principle of openness      4.37  
 

12 
Freedom 
I like to be free to conduct research on any problem or 
hypothesis.  

10 11 3 - - 4.29 0.69 

13 I like to be free in doing inquiry in science for my 
experiment or science project. 

17 7 - - - 4.71 0.46 

14 If I had a freedom in doing an experiment that may 
harm the others, I would do it.  

- - - 7 17 4.71 0.46 

 Mean rating for the principle of freedom      4.57  
 

15 
Credit 
I put my friend’s names who are not involved in the 
experiments or group work in the report or assignment. 

9 4 8 2 1 2.25 1.19 
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TABLE 26 (continued) 

No. Statement Strongly 
agree 

Agree Neutral Disagree Strongly 
disagree 

Mean S.D 

16 I agree on the punishment for students who copy other 
students’ assignment or plagiarize 

6 10 6 1 1 3.79 1.02 

 Mean rating for the principle of credit      3.02  
 

17 
Education 
I always teach or explain my friend on the topics or 
experiments they don’t understand.  

12 10 2 - - 4.42 0.65 

18 I want to make sure that my friends always do the good 
and proper experiment.  

13 10 1 - - 4.50 0.59 

19 If you had a change to educate or give a seminar or 
workshop in science to community or public, I’m willing 
to do it. 

10 11 3 - - 4.29 0.69 

 Mean rating for the principle of education      4.40  
 
 

20 

Social responsibility 
I will definitely not do any science experiment that harm 
school or society. 

17 7 - - - 4.71 0.46 
 

21 I will try to bring scientific knowledge to make best 
benefit to society.  

13 11 - - - 4.54 0.51 

22 I will take my responsibility on my science experiment 
or project I have conducted.  

14 9 1 - - 4.54 0.59 
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TABLE 26 (continued) 

No. Statement Strongly 
agree 

Agree Neutral Disagree Strongly 
disagree 

Mean S.D 

23 I will inform public or society knows about the scientific 
results or findings.  

4 19 1 - - 4.13 0.45 

 Mean rating for the principle of social responsibility      4.48  
 

24 
Legality 
I always do my experiments or science project under 
the code of conduct or related standard. 

13 9 2 - - 4.46 0.66 

25 I will conduct an experiment with high get paid 
regardless of legality.  

- - 1 12 11 4.42 0.58 

26 I do not use hazardous and prohibited chemicals, 
human and animals in experiment if I am not legally 
allowed. 

18 6 - - - 4.75 0.44 

 Mean rating for the principle of legality      4.54  
 

27 
Opportunity 
I’m not satisfied if It is unfair for me in using resources 
in doing science experiment or project.  

12 4 7 1 - 4.13 0.99 

28 I think female scientists should get the equal 
opportunity as well as male scientists in doing scientific 
work.  

22 2 - - - 4.92 0.28 

 Mean rating for the principle of opportunity      4.53  
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TABLE 26 (continued) 

No. Statement Strongly 
agree 

Agree Neutral Disagree Strongly 
disagree 

Mean S.D 

 
29 

Mutual respect 
I don’t want my peers to harm me both physically and 
mentally. 

18 6 - - - 4.75 0.44 

30 I respect the privacy of all group members. 14 10 - - - 4.58 0.50 
31 I won’t get involved in my peers’ experiment which can 

cause danger, if not allowed.  
11 11 2 - - 4.38 0.65 

 Mean rating for the principle of mutual respect      4.57  
 

32 
Efficiency 
I always use materials and chemicals in experiments 
efficiently. (worth, value, and most effective). 

3 15 6 - - 3.88 0.61 

33 I will minimize animals in lab and most efficient or I will 
use other subjects instead of animals if possible.  

15 7 2 - - 4.54 0.66 

34 I will use resources that can be reused. 6 17 1 - - 4.21 0.51 
 Mean rating for the principle of efficiency      4.21  
 
 

35 

Respect for subjects 
I will treat animal subjects with care and respect. 

14 10 - - - 4.58 0.50 

36 I will take good care of animal subjects regarding of 
their welfare such as enough space place to live, 
sterile, enough food and water, and no torturing.  

15 9 - - - 4.63 0.49 
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TABLE 26 (continued) 

No. Statement Strongly 
agree 

Agree Neutral Disagree Strongly 
disagree 

Mean S.D 

37 I don’t think animal subjects should be take care much 
because they eventually will be killed. 

- 1 - 5 18 4.67 0.70 

38 Subjects have their own rights to stop or withdraw from 
experiment anytime if they feel that they will be harm or 
killed. 

18 6 - - - 4.75 0.44 

 Mean rating for the principle of respect for subjects      4.66  
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