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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, eoncepts 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’ jopinions on _learning .ethics in science. .4) To evaluate the
effectiveness of a hybrid learning approach:of-ethies in science.

A researcher-designed ‘survey was developed and used to collect quantitative
and qualitative data from “288 :science students and. 107 seience teachers of Mahidol
Wittayanusorn School and. 12 .Prineess Chulabhorn’s «Colleges during the second
semester of the 2007 academic.year, :In the' second phase, the researcher developed
principle-based learning course on ethicstin 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.



[ = Dniélv [ [ P a 1 & o a 4
ﬂ']iWW%’]ﬂ']‘SL‘SEI%E‘YI ﬁﬂﬂﬂﬂ"l‘ilﬂ%ﬁ"l% L3299FUDIFN LUTRLIYRINYIFATITARAY

3 v Aa A [ a ¥ a a § [ 1 §
LEROABUMNAINGINY ABINLIRLAITHATWNTIL30 LiNaTudmunitsnasnsdnmn
manangasligpimidnsgs)india a1Ingaaasdnm

F9NAN 2554



Aol WEIEITIoL (2554). N Seunilsnannindugiu Saveiursnlugu
S Inmans. UTyaniwus ne.a. (Inenemaasfinm). nanwe:

L™

WAAINLNRY VRIINLIRLATUATNT 136, ATNITUMNIAILAN:

(%

fese avud Yadsznay, 189maanTd as. NI wiadias,

U

e3e

UAIRATIANTY AT A Lﬁﬂujﬂﬁﬁ

a o aql’d 1 di s a wd‘ ¥ o di a
13179 Uﬂiﬂu&l'ﬂ(ﬂ&l\‘lﬂu"lElLWB‘WW%Wﬂ??lﬁﬂ%;ﬁ‘ﬂl’ﬁﬂﬂﬂﬂ’]iLﬂ%ﬁ’]% Liaﬂﬁliﬂﬁiiulu

a9

Ce

< A a 6 o v o A & o = A a o

T%Liﬂ%’]'ﬂEl’]ﬂ’]ﬁ@liﬂ'?%iﬂuﬂLi&l%%%&l'ﬁﬂ&]ﬂﬂiﬂ"]@]auﬂa’ml%ﬂiuﬂﬂvlﬂﬂ Faidunyieauuy
= Y Ao A = =< a o a

NEUNUIZNaUAIENITIY 2 3282 NAAE 2oz 1 1 DwnIENELTIE9 uazIzazn 2 i

o a v d' (3 d' 6 o o > v a
msmwammﬁmw"lmnmzmﬂ 1 VAR ‘W@ll%’lLLRZ%WVLﬂFL‘ﬂuﬂ’]ﬂﬁ%WNﬂUﬁBGLSEJ%

2 2
A v A

Anenenaas TagUsdveinidnh Sl 1) edaiy W wezlszduanudilaves
WL SEWNLINLITUTITUNMIINGNM AT 2) LNBENESN WA uasdziliunneeanufauas
o A v A A = Ry o< . A AA A  va
rinsznIRemIvesiniTow@) adnaudatusssinisunddennsouiasosyulu
TUITIUINDMEaT 4) aLUIdRA N Rl ITaNTaIIBnTE k33U TTINNIINENMRa S
WULNE

idnldeanuuLiasiaruuufinadthalfifuipyanidTan suazguninny
iniSeuIngemaa s wazauTwiTovaAnsInaulaaL 1w 288 Al Uaza3INeMaaITiaaw
Tuszauruadsoadnwagendans $147w 107 aw vaslguuiaainouasal (896013
umTu) wazlsaFoulungugmasam Tinetauns 12 upe lunaaisoud 2 Insdinen 2550
fniunasoluszeed 2 dAsuldwaninEisouinloeanmadugiu 1389935IIN0
a 6 ¥ v = o ni U asl a v . .
Anmnenaa’ lagldTayaaneamAsuluszsza 1 dwAamasuuiuuunaw (Hybrid leaming)
2 \ a g e a A o v & a o
daudunmaunswizninmasoufluswdsudnanunsldiivladlsznaunisifou;
nwidpilanasasmaswaiuinSoutuntondnmdn 4 vaslsaSounfeaineuaan
(09ANITNMITH) MFTEUINITT LaTAUGIU 1 Koa3ou §1uu 24 au lugrsidanngeniay
2 A ) A A 2 A A A = @
fudaunumsn veamaioun 1 Insdnw 2552 tasasdanldlumsiiununadayas
ldud 1) wouseummeMuAaiuazuaziniSawInmmaninddestosrsaluduion
Anesas 2) wwusreunwiaanudAaiuiniioudennieuiasusinsingmaas 3)
wuunagauiaanu anudilaiienuatesmaneinmenaas 4) uuudssduineens
Aa o 6 nnfj‘l’ Al a 6 v Aa a A 1 A
Aa waz 5) wuusun el ahdnugunltlunmaliensidayaidiliunm fa 1) duade uas
2) Adeaunanaigiu dudayaiiiguniw lfmlieseditan

NANITIVLWLIN

1. lumaidndidina dnisounaaiauesdilasiosssumadinmaaaioglu
szaugefiagannn Aadusanaz 37.9 uaziniSousasas 66.3 dauaulanaziiouiatosssw

NINIEIRAT NEAYAD WNITUNITBERT 92.7 FAWLARINITUDTINNIINGIAIFATH



anudmAydeiniSawInmmaasluszaugaigenin wanani aziouaz 61.2 uaiiniiow
9882 55.1 A0119385IINNNINYIANFNTAITITINNIROU L ALNITRAAULNINRANNITTYTITY
manenesasian lulussdmaneiesasunduinnin e rnuLaa ﬂ;LLa:ﬁfm%'zludm
lraifnnuAwinyineensfaLazin BN AT AT UM TRILEIN LA N U158
AIUTITUNWANLIAIRAT NN A3iDLAT 626 LRZNLIUWIALAY 64.6 UAMNLAWINANT
L%ﬂujwummmmsnﬁnm‘l,"ﬁ"l,ﬂu?ﬁmn”@ﬂ’m%‘wfﬁwﬁu‘m\ﬁ‘nmmamﬂéfazho
LANIERY

2. ®RNATUSTHLN 2 YaIN1TIY wudwﬁfm’%muﬁmwj a1 1213093958 5370N
a L e { &J 1 1 1 a Qs a = § § e
Tnmmamﬂmmuﬁqwummam’%‘w LWL ALINUNNBLAIAALAENNHEANIHARIIN LA

' A o v L A o o o A a & AdA a v A

NIRILESNLRS N W LA AT wananth unipugadianufaiunadansiiuniaosisung
a 6 =1 =3 Qs =1 £ o v = et
mmmamuazwmmwawalaﬂugﬂLmumsnﬂuguuuwau ‘[mml,ﬁu@mwmsﬂiuﬂ?a‘lu

' I3 & Y
I EIGL’JUVL%GIEIEIUWG

U




The Institute for ti and Technology (IPST)




The dissertation titled

“The Development of Principle-Based Learning on Ethics in a Science Classroom”

By

Washirasorn Saengsuwan

has been approved by the Graduate School as partial fulfillment of the requirements for the

Doctor of Education degree in Science Education of Srinakharinwirot University.

........ Dean of the Graduate School

(Assoc. Prof. Dr. Somchai Santiwatanakul)

August ......., 2011

Dissertation Committee

........................................ Major-advisor

(Acting Sub Lt. Dr. Manat. Boonprakob)

........................................ Co-advisor

(Assoc. Prof. Dr. Somson Wongyounei)

........................................ Co-advisor

(Asst. Prof. Dr. Sirinoot Teanrungroj)

" " 'Oral Defense Committee

(Assoc. Prof. Dr, Tweesak Chindanurak)

.............................................. Committee

(Acting SubsLt: Dr. Manat Boonprakob)

.............................................. Committee

(Assoc. Prof. Dr. Somson Wongyounoi)

.............................................. Committee

(Asst. Prof. Dr. Sirinoot Teanrungroj)

.............................................. Committee

(Assoc. Prof. Dr. Nason Phonphok)



ACKNOWLEDGMENTS

This dissertation could not have been completed without my dissertation
committee. First, | would like to acknowledge my major advisor, Acting Sub Lt. Dr. Manat
Boonprakob who gave guidance throughout the study. He has been supportive and has
given me the intellectual freedom to pursue my studies. | express my gratitude to
Associate Professor Dr. Somson Wongyounoi who is my co-advisor. He always helped with
several problems on my research methodology and statistics. Thanks also go to Assistant
Professor Dr. Sirinoot Teanrungroj, as another co-advisor, for her kind advice on web-based
learning.

Special thanks to Dr. Orvil L. White, who has assisted me with proofreading and
revisions on my research proposal since |“was,at the School of Education, Indiana
University of Bloomington (IUB) in BIoomingtoh, ‘Ihdiana, USA. He is currently an Assistant
Professor in the Childhood / Early Childhbdd Education:Department at The State University
of New York at Cortland (SUNY Cortland).: He _has also completed the English language
revisions on my dissertation:'!| also-have.tosthank-Dr. Thomas Licona, a SUNY professor
who has been kindly shared éthical knowledge with me.

| also wish to thank JUB professors; Rabert D=Sherwood, Associate Dean for
Research and Professor, of ‘Science Education;” as* my, advisor, Peter Kloosterman,
Professor of Mathematics Education' and Mary B-McMullen, Associate Dean for Graduate
Studies and Professor of Curriculume Studies .in, Early Childhood Education for giving me
guidance and permission to participate in their classes. Special thanks also to all of my
IUB classmates, especially Alena R. Treat who helped me brainstormed some ideas on
ethics education. She is currently Dr. Treat. | am very grateful to Jeff Graf & Craig Eich,
librarians at Herman B Wells Library, Indiana University of Bloomington for their kind
assistance on the bibliography. Also, thanks to all Thai students at IUB, especially Dr.
Wanphen Pratoomtong for her encouragement and assistance, Dr. Suphawat Pookcharoen,
Department of English, Faculty of Liberal Arts, Thammasat University, Dr. Khemmawadee
Pongsanon, an academic officer at the Institute for the Promotion of Teaching Science and
Technology (IPST). Also, Miss Pornsuree Jamsri, Master of Science in Human Computer
Interaction Design, School of Informatics, Indiana University Bloomington, Indiana, USA.
She is currently a Ph.D and Teaching/Graduate Assistant, School of Information Science &

Learning Technologies, University of Missouri, Columbia, MO, USA for their kind support. |



would also like to thank Dr. Noy S Kay, Department of Applied Health Science, Indiana
University and Dr. Sudgasame Jantaraweragul for their kindness in taking me to the Thai
Temple, Wat Buddhadham in Chicago. Thanks for their encouragement. | also very much
appreciate Dr. Prinn Satang for his kindness to allow me to use his book related to
Buddhism.

| truly thank Carthell and Peggy Everett who always welcomed me with warmth
and offered a helping hand on my one-year-stay in Bloomington, Indiana, USA. | also
thank international coffee table people at Sherwood Oaks Christian Church with their kind
relationships and wishes to my graduation. | also thank Eric, a new friend of mine in
Indianapolis who helped me with some revision of my dissertation writing.

| also have to thank Dr. David Workman, an emeritus physics teacher from lllinois
Mathematics and Science Academy (IMSA), lllineis, USA who had worked with me as a
team teacher on Scientificilnquiry, and_the Natlre of Science at Mahidol Wittayanusorn
School (MWITS) for his proofreading and encouragement:

Many thanks go to Dr.* Thongchai Chewpreecha,sa former principal of Mahidol
Wittayanusorn School (MWITS) for_his kind permission and ‘guidance to give me a great
opportunity to study for my doctoral:degree. «lalsoswould like_to express my sincere thank
to Assistant Professor Dr=+Yuvadee Nakapadungrat, the .current principal of Mahidol
Wittayanusorn School for ‘her kind“encouragement’and“alsé her permission to allow me
attend the 16th International“Conference on Learhing at University of Barcelona, Spain,
under the financial support of IPST: ang to'eventually get my research paper published in
the International Journal of Learning forrattending and presenting a part of my research
study at the conference.

My great appreciation also goes to Dr. Sakchai Panha, the principle of Princess
Chulabhorn’s College (PCC), Pathumthani for his assistance as a coordinator to the other
11 Princess Chulabhorn’s Colleges (PCCs) for the data collection of the first phase of the
study. Also, thank all PCCs’ teachers and students for their cooperation in this research.

| am also very grateful to the MWITS teachers and students for their invaluable
time and contributions on taking a survey in the first phase of the study. Special thanks
also go to my beloved students, MWITS19 room 7, who actively participated in the second
phase of the study. | also would like to thank all of my colleagues at Mahidol
Wittayanusorn School for their kind encouragements. In particular, Ms. Jane

Kanjanaphoomin, an International student counselor & English teacher, and Mr.Niall



MacLachlan, an English teacher, at Mahidol Wittayanusorn School for their proofreading
and revisions on the paper proposal for the conference submission.

| also thank my team of experts; Assistant Professor Dr. Numfon
Kuchareonpaisarn from Srinakharinwirot University, Mrs. Jariya Pornjumreon and Mrs.
Phanvipa Daramas from Mahidol Wittayanusorn School for their help on my questionnaires’
validity. Special thanks also to Assistant Professor Dr. Surachai Meechan from Educational
and Psychological Test Bureau, Srinakharinwirot University , Dr. Sumalee Waiyarod from
Faculty of Social Sciences and Humanities, Mahidol University, Dr. Sunsanee
Sungsunanun from School of Educational Studies, Sukhothai Thammathirat Open
University, Dr. Supreeya Siripattanakunkajorn from Faculty of Industrial Education and
Technology, King Mongkut's University of Technology Thonburi, Dr. Naramon Sirawong
from Center for Educational Medias and Technology, Srinakharinwirot University, Mr.
Chaiwat Chuemung, Mr. Sarote Beonseng, Mrss Jatuporn Sawatruksa, Mrs. Sirihathai
Srikwanjai and Dr.Usa /Jeenjenkit from Department' of Chemistry, Mrs. Vachirawan
Boonnark from Departmentrof Social 'Sciences and:Arts; Mahidol Wittayanusorn School for
their assistance on the development of research instruments® Also thanks Miss Butsawan
Saenpluem, Ed.D. candidaté in ~testingwand smeasurement_ education, Srinakharinwirot
University, for her suggestions on.data analysis and statistics.

| also would like”to express my gratitude to/the “Institute for the Promotion of
Teaching Science and Technologys(IRST) for theirfinancial support since | finished my
undergraduate degree. i

Most importantly, | wish to acknowledge my wonderful family, my beloved mother
and father who always have great inspiration for me to be a great and successful person
and also my two brothers and four sisters for their valuable encouragement. A special note
of appreciate goes to my younger sister, Miss Natpatsorn Saengsuwan, for her magnificent
caring, support and encouragement.

| especially thank all of my teachers, friends and staffs at Science Education
Center for their breathtaking encouragement and motivation. Finally, thanks my old and
new friends, relatives and everyone who comes to my life. | truly believe that all of them

have inspired me to be a successful and ethical person.

Washirasorn Saengsuwan



TABLE OF CONTENTS

Chapter Page
1 INTRODUCTION

Background. . ... 1
Purposes of the Study.........ccoiiiiii 7
Significance of the Study..........ccooiiiiii i 8
Scope and Delimitation of the Study..............cooiiii 8
Definitions of TerMS.......cuiii e 9
Conceptual Framework of the Study.....is. ... 11
Framework of the Study ... &.%.0..0. 000 e, 13

2 REVIEW OF THE.LITERATURE

Why Bring Ethics into the Science Classroom? ........50 L e 15
What is EtilliRs...."... & . —~S—-. 5.0 O . 21
Teaching EthicstinsScience ............ .0 0 i s, 26
Principle-Base@ll %afning. ... ... 1. L. . .¢n. 2 O ... 39
Research Related to*Ethies insScience Classroom ..............cooeineee 40
Hybrid Learning .......os.. #. .. g g B 43
Research Related to Hybrid"Learning «.... ..., 47

3 METHODOLOGY

Phase One: A survey of teachers’ and students’ opinions on learning of 50
ethics in a science Classroom. ... ... ..o
Phase Two: The incorporation of principle-based learning of ethics into a 52
SCIENCE ClAaSSIOOM ...ttt e

] = 115 £ [0 T 61



TABLE OF CONTENTS (continued)

Chapter Page
4 FINDINGS
Phase One: A survey of teachers’ and students’ opinions on learning of 63
ethics in a science ClassroOM. ... ... ..o
Phase Two: The incorporation of principle-based learning of ethics into a 74
science classroom ................... A5+ e s snm e ananeennaneennaneennaneennnan s

92
93
94
115

123

128

VT AE ... 251



Table
1

o o~ W

10

11

12

13

14

15

16

17

LIST OF TABLES

THE IMPLICATIONS OF INTRODUCING ETHICS IN SCIENCE FOR
SCIENCE EDUCATION AND TEACHER EDUCATION ........cccovevvieninne
THE TWELVE PRINCIPLES OF ETHICS IN SCIENCE .........ccccoviiiieniiinene.
THE THREE MAIN AIMS OF ETHICS IN SCIENCE EDUCATION ............
SEVEN TECHNIQUES ON TEACHING ETHICS IN SCIENCE ..................
FACTORS WHICH PLAY A NEGATIVE ROLE ON TEACHER’S ATTITUDE
OF INTRODUCING ETHICS ASPECTS IN SCIENCE EDUCATION ......
DEVELOPING AND EINDING RESEARCH,INSTRUMENTS’ QUALITY ....
REASEARCH INSTRUMENTSyANDIDATA-COLLECTION PERIODS ......
ETHICAL PRINCIPLES INCORPORATED IN THE LESSON PLAN IN THIS

SUMMARY OF THE"QUESTIONNAIRE STUDENTS**PROFILE ...............
PRETEST AND POST.ITEST. SCORE OF-TFHE{UNDERSTANDING TEST
ON ETHICS IN SCIENCE ... o ommwnt e W 0 e,
THE MEANS AND STANDARDDEVIATION OF PRACTICAL THINKING
SKILLS ..o gl s
THE COMPARISON OF MEANS AND STANDARD DEVIATION OF
STUDENT’S OPINION ON LEARNING ETHICS IN SCIENCE
BEFORE AND AFTER EXPERIMENT ..ot

ITEM-OBJECTIVE CONGRUENCE OF SURVEY OF SCIENCE
TEACHERS AND STUDENTS’ OPINIONS ON LEARNING ETHICS IN
SCIENCE ..

ITEM-OBJECTIVE CONGRUENCE OF LESSON PLANS ON TEACHING
ETHICS IN SCIENCE ...

ITEM-OBJECTIVE CONGRUENCE OF WEBSITE (CONTENT &
PERFORMANCE) ..o

Page
16

25
27
32

38

53
54

54
63
65

74

76

84

228

229

230



18
19

20

21

22

23

24

25

26

LIST OF TABLES (continued)

ITEM-OBJECTIVE CONGRUENCE OF INTERVIEW QUESTIONS ............
ITEM-OBJECTIVE CONGRUENCE OF PRE- POST TEST OF
UNDERSTANDING OF ETHICS IN SCIENCE ........coiiiiiiiiiieen
ITEM-OBJECTIVE CONGRUENCE OF OPINIONS ON LEARNING
ETHICS IN SCIENCE ...t
ITEM-OBJECTIVE CONGRUENCE OF THINKING SKILLS EVALUATION

THE COMPARATION OF THE DIFFERENCE BETWEEN PRETEST AND
POSTTEST OF ETHICS IN SCIENCE ......ovivieeeieeeieeeeeeeeeee
THE FREQUENCY OF THE STUDENTS! ORINION ON LEARNING
ETHICS IN SCIENCE (BEFORE.STUDYING) vettfhe e veovoeoeeeerieseen,
THE FREQUENCY OF THE\STUDENTS’ OPINION.ON LEARNING
ETHICS IN SCIENCES(AFTER| STUDYING) fout..®. b,
THE FREQUENCY. OF THE-STUDENTS’ PRACGTICAL THINKING SKILL
ON LEARNING ETHICS TN'SCIENCE(BEFORE STUDYING) ............
THE FREQUENCY OF THE STUDENTS’ PRACTICAL THINKING SKILL
ON LEARNING.ETHIES IN.SCIENCE (AFTER STUDYING) ...............

230

231

231

232

234

235

237

239

245



LIST OF FIGURES

Figure

1
2
3

10
11

12

13

CONCEPTUAL FRAMEWORK OF THE STUDY .........ccccovveiiiiiiieeeenn.
FRAMEWORK OF THE STUDY ......oooiiiiiiiiiee e
STUDENTS’ OPINION ON THIER LEVEL OF UNDERSTANDING
ETHICS IN SCIENCE .....oooiiiuiiiiieiee e
STUDENTS’ OPINION ON THEIR INTEREST IN STUDYING ETHICS IN
SCIENCE ...
STUDENTS’ OPINION ON THE IMPORTANCE OF ETHICS IN SCIENCE
THE REASON WHY TEACHERS DID NOT INCLUDE AS MUCH
COVERAGE OF ETHICAL ISSUES IN THEIR CLASS .......c..cceeenn....
THE RANK OF THEAIMPORTANCE OF SCIENTIFIC ETHICS
PRINCIPLES .. 2. "%~ el F oo e,
THE CLEAR EVIDENCE.THAT LEARNING ETHICS SHOULD BE IN A
REGULAR SCIENGE CLASSROOM/RATHER THAN AN ADDITIONAL
ONE .... [ s... .. & —veeeeiesny—. %0 - B
TEACHERS’ AND*STUDENTS” OPINIONS ON PERAGOGICAL
METHODS FOR'LEARNING ETHICS ....af .. %o,
TEACHERS’ AND STUDENTS=OPINIONS ONSTHE WEBSITE ...................
TEACHERS AND STUDENTS;, OPINIONS ON‘THE MAJOR
COMPONENTS OF THE WEBSITE e oo
CHART OF THE MEANS FOR STUDENTS’ PRACTICAL THINKING
SKILL BEFORE AND AFTER STUDYING ........cccooviiieiiiiiaee e,
CHART OF THE MEANS FOR STUDENTS’ OPINIONS ON LEARNING
ETHICS IN SCIENCE BEFORE AND AFTER STUDYING .................

Page
13
14
66

66

67

69

70

71

72
72

73

80

86



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 ihe establishment of Mahidol
Wittayanusorn School and the, Prineess 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.studentsswhile 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



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 geals, in anticipation that not less than 70
percent of Mahidol Wittayanusorn Sehool’s graduates will be potential candidates for post-
doctoral education and become the world "‘clas‘s researchers in science, mathematics and

technology, the school is committedto inculcating into its' students the following requisites:

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

2. Mastering of basic mathematical and sciéntifi¢ 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 technc;logy 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).



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 apt_itude‘;

7. Provision of a,wide“range; of ‘activities bothiinside and outside the school, enabling
the students to acquire desirable ;characteristics .in-:accord” with, the school’s objectives and
aspirations; ‘

8. Encouragemeﬁt of Tcreativity, 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(MahidoFWittayanusorn 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).



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 intorder to provide education for students who are good
at science and mathematicsfrom levels Mattayom Suksa 1-6.. The budgetary allocation will be
94,000 per head per annum. | W1 E ’

To approve Princess, Chulabhorn’s=€olleges as ‘regional ‘science schools in order to
provide educational opportunities td students . who" exeel 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 eemmittee of the project in order
to stimulate schools implementation, and coordinate with related,agencies. With this in mind,
they will be autonomous schools and havesfreedom insacademic areas.

The Minister went on to.say that theradmir‘\is‘trative commiittee will seek cooperation from
Mahidol Wittayanusorn School and th‘e-féculty 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 | began my doctoral study in science education at the



Science Education Center, Srinakharinwirot University (SWU) located in Bangkok, Thailand.
| 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. 1 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, | 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, | 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‘a"hd étudents of science all over the world. For
instance; students will sometimes fabricatel 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 repbrts, dothexwrongucitations,” and plagiarize. | encountered
students who had done something like this when 1 was mworking as a pre-service and in-
service teacher. Thereforé we should not overlookthesetissues. All of these issues made
me more concern about the®matter, -of ethics when'considering my dissertation topic. |
considered the study of ethics in.a scignce classroam' as an important and relevant subject
worthy of study. When | thought seriously-about the problem, | 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? | 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.



Fortunately, | 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. | 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 | 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 | returned to Thailand in June 2007, | 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"thesPacific Program of Education
Innovation for Development (APEID) of UNESCO, PROAR, a' Regional Experts’ Workshop
on Development of Strategies and-Methods for=Teaching Valles in the context of Science
and Technology. Participants*‘from many countries in Asiayincluding Thailand, attended the
workshop that was held'in “November. 1991 in Penang, Malaysia. These evidences ensured
me that | have been working towardssthe right method ofslearning and introducing ethics in
the science classroom. Hopefully, | wiI}I be“able to takespart 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, | was positive that | would be able to introduce and
teach ethics in science for the students at Mahidol Wittayanusorn School in that | already
had experienced with the school and students.

All things considered, first and foremost, | 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



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, | 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. | 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 twoe_phases as. follows:

Phase I: The purpose of this-phase is-to-survey.teachers and students’ opinions
on ethics in science in Thailahd in order to:

1. Find the school's general learning in ethics

2. Find the respondenfs’ ethies learning in‘the. science classroom

3. Find the respondents’“opinien_on learning ethicsqin the science classroom

Based on phase |, results*were. further “used in phase Il in order to find an
appropriate learning approach of ethics'in science for the main study.

Phase Il: 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



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 eitherare.or are not going to be scientists in the
near future in order to be ethical inventors, inhovators, 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 | principlesiof jethics in science which are
proposed and defended by “David B. 'Resnik (1998). Qther ‘principles, besides these twelve
principles, which will be likely. t6_come:across. in the learning process, will be accepted and
discussed in the course as new interestihg 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



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 IlI: 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)sstudents’ ‘understanding of key ethical concepts and
principles in science 2) students’ analytical,lcreati\‘/e and practical thinking skills 3) students’
communicative skills in learning ethics .in=science 4)istudents’ opinions on learning ethics in
science in the science classroom5)-the-gffectiveness”of a hybrid learning approach of
ethics in the science classroom. ‘

Population: The .population 'was 240 of' grade’ 10 students at Mahidol
Wittayanusorn School, NakhoniPathom 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 (44) .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 Iéarning refers to the learning with the introduction of ethics
into the classroom by incorperatingthe 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
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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; ‘be‘ing 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 anotherperson’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’ opiniohs on'learning ethics'in a‘science refers to the opinions and
feeling that students have about incorporating ethics lin seience into a high school science
classroom to determine whether,they, would prefer 40 _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 physicalsskill (skills) as stated initheipurpaeses 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;s ereative' 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:iand, affective domains, this study also focused on the
psychomotor domains which are prac’fical, 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

- Students’ understanding of key ethical

concepts and principles in science

- Principle-Based Learning - Thinking skills

-  Communicative skills

on Ethics in Science

\ 4

- Hybrid Learning - Students’ opinions on learning ethics in

science

- The effectiveness of hybrid learning

approach of ethics in science

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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A 4

MWITS & PCCs

(Teachers and

students)

Quantitative data & Qualitative data
Teachers’ survey questions
Students’ survey questions

- the combination of semi-closed-
ended questions (both only one
answer and multiple answers) and

give reasons for choice

A 4

PHASE II

A

y

MWITS

(Students)

One group pretest

A

posttest design

Different activities

A

A 4

Principle-Base Learning
(12 principles of ethics in
science proposed and

defended by David B. Nl

Resnik (1998) -

Hybrid learning

(The combination of
face-to-face and web-
based learning)

The Supplemental
Model

A 4

Preliminary results

A 4

Students’ understanding of key ethical

concepts and principles in science
Thinking skills

Communicative skills

Students’ opinions on learning ethics in
science

The effectiveness of a hybrid learning

approach of ethics in science

Quantitative data

Questionnaire on Students’ Opinion
of Ethics in Science (QSAES)

The Test on Understanding of
Ethics in Science (TUES)
Evaluation Form on Thinking Skills
(EFTS; Practical and Ethical
Thinking Skills)

A 4

Qualitative data

Interviews Questions for Students
(1QS)

Students’ Participation Observation

Form

FIGURE 2 FRAMEWORK OF THE STUDY



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 scienee
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
Principle-based learning

Hybrid learning

Research related:to”ethics’inl sciénce classroom

N o o &

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 objectivé

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 téwards science
and technology.

c. realize this by (1) postponing “the
moment of “streaming” as long as possible,l 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
écience and “ethics there are two inter-related
aspebts:

1. The deyelopment 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 actountsthe 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. concentraton 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 rele\‘/a'r"]tr

points of the curriculum.

Science teachers have fesponsibility to their teachingsmethods 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 beyprometed” 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 dangergof society beéoming divided. into a minority having some
knowledge and understanding: of sci‘ence and its‘ socjal 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 Jeadito hostility towards science, and even to some of the irrational
behavior in society today. Social psyehelogists claim thatiignorance may produce fear, and that

fear may produce ‘irrationalshehavior.

In the United States, there is'one concern that.is frequently raised by teachers and
that is the national, state and.|ocal ‘science currictila 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, | 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 secohdéry schools in the UK, Kenya and Switzerland,
| came to the conclusion some timg ago‘th’ét a ‘valules-ba‘sed approach is essential if science
teaching is to equip ourchildren and young' adults_ withe 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. | believe that values
exist naturally in every,‘human being - they just need to: beare-awakened through providing a
supportive learning ‘environment; suitable resources and, most _importantly, through teachers,

parents and other adults.that act as role models for stich.values, Helen Sayers, Switzerland

The consideration of thesimplications “of "science “hasinow become unavoidable. Every
pupil will have to deal with an increasin-gly 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 | 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, | 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. | 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



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 | 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, Espanha

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. brainWéshing -‘when people go to work, in science
or anywhere else, if they are ignofrant”of ‘etfliqalz debates they are more likely to go along with
the groupthink prevailing#in their arganization. | 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 aé“ io what iS acceptable to them, having first weighed the arguments.

Dafydd Lewis, UK

Ethics and morals, are“basic general' knowledgeythat 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 | 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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core that every moral theory should accept, at least as a starting point.

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, | 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)

| teach science at university level and train scientists in communication skills. | agree with
the Wellcome Trust report: the present school curriculum does not provide a basic foundation of
scientific literacy for pupils to debate the ethicsl of'science. Some of my colleagues who have
entered secondary school teaching“have*been shécked at the lack of scientific literacy shown by
many other trainees (some of whom do n‘ot;understand basics such as gravity, what a gene is
etc). Unless those areasrare.addressed; you risk simply;generating more uninformed debate -
just like that seen in the mainstream media on ‘most ‘of theseassubjects 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.introduee-ethics te_high school students.

2. What is ethics?

2.1 Definition of ethics and morality

There are different definitions of ethics as follows:
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Rachels (1999: 1,19) proposed “Minimum conception” of morality which is a

affected by one’s conduct.

The following definition of ethics is interesting which is provided

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,

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

by



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’;er“the business ethog”). According to Solomon, the etymology of
ethics suggests its basic concerns:(1) individual ch‘aract‘e’r, including what it means to be “ a good
person”, and (2) the social rules thatigovernrand:limit‘ our, conduct, especially the ultimate rules
concerning right and wrong, which we céll morality.

Some philosophers, like to distinguish ‘ethics from .morality. To. them morality refers to
human conduct and values, ahd ethics refers:to-the study of those areas. Ethics does, of course,
denote an academic subject,, but in-everyday-parlance we interéhange ethical and moral to
describe people we considerggood ‘and-actions-we-consider. right. ‘In addition, we interchange

unethical and immoral to desecribeiwhat we.considerbad,people,and wrong actions...

Thiroux (1998:2-3) declared that‘ir‘\ 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 wa‘y catse and“effect function on the personal level. This is
the domain of ethics or morality, and the specificidomain “"of kamma. What criteria are there
for right and wrong behavior? As_concepts, these words arelopen 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 pointiout:a clear direction for moral
conduct, but also providé the;reasons and| incentives ,for¥maintaining it. The teaching of
kamma satisfies these requirements.

... In the law of kamma we are ableto find meaningful.and relevant definitions of "good"
and "evil," an understanding of ‘whieh.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.
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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 ignofing 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, thereiis actually a great deal of
overlap in the values that théy support and the standards of‘conduct they recommend. Many
ethical theories have similarspractical 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”maral, prineiples with whiech 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 walues. 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

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 aveid self-deception; bias, and conflicts of interest.”

3. Openness “Scientists “should~share data, results;” metheds,. ideas, techniques, and tools.
They shquld allow.other scientists to review their work and be open to criticism
and'new ideas.” ‘

4. Freedom “Scfentists 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 creditis due but not where it is not due.”

6. Education “Scientists,should ‘educate prospective scientists and insure that they learn how
to conduct good écfence. Scientists should educate and inform the public about
science.”

7. Social “Scientists should avoid causing harm to society and they should attempt to

Responsibility 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 “Scientists should not violate rights or dignity when using human subjects in

Subjects

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 inhigher.education, they concluded, should 1)
stimulate the moral imagination of, Students 2)‘hélp students recognize moral issues 3) help
students analyze key moral concepts ‘ahd 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 weli, 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:. ‘Seience 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 | 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,
¥ t‘hey:‘ must learn” o recognize that often several
altérnativés are possible and that the choice between
these ' depends not pnly on facts but also on the
opinions and'beliefs of those involved. This of course
also | requires’ an aqknowledgement of freedom of
choice and:some doubts in the dominating social

consensus.

Developing analytical skills Beihg able to discuss value-issues rationally can be
very helpfulsin_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 ofiother 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: Iiétening 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).



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;
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In today’s world, teaching people“to be cleve} might superficially be regarded as a good
thing. However, when thoughtfully con’sidrérir.ngj tﬁis, you cah 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 Majeéty the 'King’s_speech_on_the occasion Jof being conferred honorary
doctorates by five insfitutions, ‘or_in_Thai wszswﬁﬁ'ﬂuﬁ%nﬂamﬁwm’]mﬂ%zytymmjﬂ'mﬂ@
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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 W32
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ﬁ*’nﬁﬁmmnaauLﬁawnuuiwumﬂﬁ'@?m%iw, 5" 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). ‘ g,

Mehlinger (1986) stated that typically, "the \family is the first and principal
instructor for the moral valure;s approved. by _custom and'tradition. Mothers, fathers and
members of the extended family play-key roles.— | This is conéistent to the idea of Lewis
(1986) which is education for_ ethics andi'social’ responsibility should start as early as
possible. Lewis (1986) agrees that it"is'»wise tofallow“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.



31

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,

| believe that this kind of social'responsibility that directly, or indirectly, gets rubbed off on
young minds will help the world mueh more"‘than‘ anything“else we might do. It is only science
taught in this manner that wouldsbe éppreciated by ydung 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 'somehowsactivated. 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 popularizétion of science are important:not because it is good for science,
but because we need friends foriscience.  Thosetakings 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 somethiﬁg about how:science works and the total implications of

science. | 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 onwactual events. After reading the
scenario(s) students,’ either indfvidually or in cooperative learning groups,
are askedito respond Questionsdesighed to probe their ethics and values

contents.

2. The use of the

structured controversy

Students are_divided into groups 'of two péirs. In each group the pairs are
giveﬁ one of two brief essays describihg 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~yalues differences:that“underlie the conflicting positions. The
pairs then, exchange, €ssays-and again debate, this time supporting the
opposite position.® The teacherrotates 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.
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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' diseussion.

7. The moot court

Students‘are givénj dret:ails of . case involving an individual who is being
accused of‘'some form of scientific, misconduct. Students are assigned to
play the'roles of defendant, prosecutingsattorney, defense attorney, judge

and a series _of witnesses for the proseeution and the defense. A mock

} tfidl is held with the remainder of the*elass 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*diniost 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 Ath‘at many teachers are uncertain how to
approach questions for which there.arel no [clearly ‘;right” or ‘wrong” answers. How can
controversial subjects be taught? There are now @ 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 usingit),

- the expectations of the studenty , _

- 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



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 fo‘l:m’ ofsa_newspaper article, a picture, part of a
film, etc. The teacher only intervenes ('i) when ‘appro‘ached by the students for further
information, (ii) if the students.are reaching a conclusionjbased.on false logic, and (iii) to bring
the lesson to a conclusion atithe appropriate time.

- The debate eithé‘f can be “open” with students freely. ‘expressing their opinions, or
students can be forcedl tortake: sides. It is a useful educational experience to be forced to
speak in support of a particular.argument even though one doesynot 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.togask’students to prepare‘two papers, one for each side of the
controversy. Only as the lesson begins_is:the studentitold 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 suresthat a report'is not.too long is to ask each group to prepare
a single acetate sheet for use with*an overhead [;rdje‘ctor, and the spokesperson speaks to the
headings on the acetate sheet. ; :

- An alternative task.for thergroup might be'ito 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 th‘én presented to other groupsror to the, whole class.

3. Role-playing simulations, games and case studies

An effective way offintroducing controversial issuessis by simulations and role-playing.
Students are asked to actr 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 roler they have been assigned. In this way,
students experience different sides of therargument.

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 edq_cation haé baid too much attention to differences in
cognitive abilities.

A second condition,is the willingness jof those ‘in charge of science curricula to create
possibilities for studentactivities” 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- moralsdevelopment of students. As a
consequence they must beuprepared to adapt-some of the scientific content and methods of
teaching.

The fourth condition concerns‘the-educational‘climate ‘in the schools. | think this climate is
of utmost importance. | do not see hew 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 currictila pressurized by an oppressive examination system

A pedagogical climate in the schools which ‘is notfavorable to moral development

Lack of training in moral reasoning among science teachers

Hlo N

Inability of teachers to deal with student activities which‘promote maral development so that
students have little oppoﬂﬁhity to face'the consequences of their'moral choices, and so are rarely

challenged

5. Resistance by teachers te changes in their role in classroom;ifear.of losing respect by shifting

responsibilities to studentsswhen using. new teaching methods

Lack of communication and.cogperation*between teachers in ‘different disciplines

Inability of teacher to assess progress in'moral.reasoning

6
7. Lack of understanding among teachers Qf the' contemporary nature of science and technology
8
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 moralitheories= ‘David B. Resnik (1998:22) states;

Many philosophers who study applied ethics prefer to'works with general, ethical principles
rather than moral theories' because one can juse principles to. support.an ethical decision or a
social policy without defefnding ‘an‘entire (possibly_controversial) mofal theory and another reason
for employing general principles is that they are easier to understénd, 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 éases and interpreted in.different ways.  This kind of flexibility allows

one to apply principles to diverse casesswithout ignoring impertant 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 WIZITWILIIETI

FULAINITY TWUMINEATENETT, 5" 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“ther advancement of scientific goals. The
twelve principles are; 1) Honesty 2)-Carefulness 3) Cpenness 4) Freedom 5) Credit 6)
Education 7) Social Responsibility 8) Legality 9) Opponunity 10) Mutual Respect 11)

Efficiency 12) Respect forssubjects.

5. Research related to ethics in-science classroom

Hall (2004) presented .an ‘article that is thesopeningssection 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 ‘problemsicreated by scientific advances.
The concluding section applied this ;;roposal 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



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 ‘aresearch that'shows some of the problems related
to assessing learning about socialiand, ethical issues-aresdiscussed and exemplified
through a case study intervention with la final-year highischool biology class in New
Zealand. Students were required-tomwrite sanwessay: of 'about 500 words about the
biological, social and ethiecal=simplications of the|issues associated with cancer. Self-and
peer-assessment were Used asspart.of the learningto pravide opportunities for students
to improve their assays. . There:iare, implications™for steachers 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 rethinkingshow ethics should be taught.

Levinson (2002) reported .a* paper that ‘presents a.study that investigates the
teaching and learning aspects’ of controve"rsial‘ issties .in science education in English
which is mandatory. The study-‘carries jan| exploratory hature and was conducted with
the participation of (n=29) students where they were asked to ‘@answer three questions:
(a) How do you think a "desig“ner baby* istmade?:(b) What'do you think a test-tube baby
is? and (c) Some peoplerthink parents should|have the right.to choose things like the
sex or eye color of their.babyswhat are your 'thoughts?sResults 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 scienceron 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 spentiin the classroom. Traditional face-to-face instruction is
reduced but not eliminated.  The "hybrid* ‘cour"se‘ model is also referred to as "blended."
These terms are interchangeably,used (Ur;iversity ‘of Wisconsin Milwaukee (UWM). 2011:

Online). More description of hybridior.-blended course issexplained as follows:

"Hybrid" or “Blended",a‘re names-commonly-used ‘to describe courses in which some
traditional face-to-face "seat tir‘ne"‘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*aneother; instead of treating the online component as

an add-on or duplicate of what.istaught.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:

e replaces some in-class time with out-‘of-fclass, online, interactive learning activities
e makes significant changes in_remaining iﬁ—cia’ss meetings.

Under a replacement model, |there éré funaamental 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 AhaII.“ Consequently; the.nature of the'in-class activities is changed as
well. Instead of traditional=lectures, in-class time_is freed for mo‘re interactive, collaborative

learning experiences.

The Emporium Model

The emporium model"eliminates aII:class‘m‘eetings 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. Consequentlyg'many institutions, bothapublic and:private, take advantage of new
technologies to offer training products-andiservices' at aI‘I levels. Compared with the classical
educational methods, learning overithe .internet, that is, Web-based learning/training, has some
advantages. First, the individual' who wants-to-tearn-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 foo,‘which is not possible'in a typicalsclassroom environment. At
the same time, a person whois.a little slow may take the courseratshis or her own pace. Third,
courses developed for the Web may prove cheaper than‘hjringsa qualified teacher each time the
course is administered. Howeyer, just putting*a-tdtorialionline 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 | always knew was possible
and let me do it."
e 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.



e 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."

e |nstructors 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.

e 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.

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

¢ Integration of out-of-classractivities with“in-class activities allows more effective use
of traditional class time. i

e Students who rarely, take part in clésé disbussions are’more likely to participate online.

Increased student learning: My students; have dene better than I've ever seen; they
are motivated, enthused and doing their best work:"

e Faculty believe th‘a‘t their students learn more in the hybrid format than they do in
traditional class sections.rl ‘

o Instructors report_that students write better papers, performed better on exams,
produced higher quality prdjects, and were capable.of moere meaningful discussions on course
material when reflecting online.

e Students are better able" to _méster ‘cohcepts and apply what they have learned
compared to students in sections of their traditionally taught courses.

e 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."
e Learning to teach a successful hybrid course leads to using more participatory and
student-centered learning activities.
e Teaching a hybrid course transforms the teacher-student relationship to be more
centered on student learning.
e 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."

e 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.

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

e |t'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) deseribes research J’ihat 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, Proéser 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). .Thei{study context was a second-year
undergraduate course in psychology«fer social workin ‘which the teacher had designed
discussion tasks to begin in F2F mede 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 enroliment 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 anet economic gain for students as tuition
and financial aid remain uhchanged ‘while expénditure in time and travel are reduced.
Course management technology and* course “design recommendations are provided for
faculty consideration. The*boundaries between traditional elassroom instruction and fully
online distance learning are blurring.| As course design moveés more toward a fully online
look-alike, expectations for a' smoothly=operatingscourse 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-enrellment, introductory environmental biology course to
resident (living on or near campus) nqn;science majorstat 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) | learned
a great deal in this course, and (iv) | would recommend this course to other students. They
recommend clear directiongabout active_learning“tasks and relevant feedback to enhance
learning in a hybrid course.

Hall (1999: Abstraet) stated*that al"connected classroom" model was used for an
educational psychology class| which | relied heavily on beth *face-to-face and Web-based
collaborative discussion. « As part-ofsthesclassysstudents’ were required to participate in
collaborative discussion that" consisted of a structuredfenvironment in which students
addressed open-ended ‘questions about foundational .class material. Each week students
completed a Likert questionnaire=ons which they«were: asked to rate their subjective
reactions to both Web-based and facg-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

Research Procedures

2
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:thisstudy 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 inathis study were' a. Questionnaire of Science Teachers’
Opinions on Learning Ethics insScience and.a Questionnairerof 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 Il: School’s ethics learning
in general, Part Ill: Respondent’s ethics learning|in the /science classroom, and Part IV:
Respondent’s opinions on Iearhing ethics in the'science classroom.

The questionnaires, were“thexcombination”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 analyzéd using descriptive statistics namely
frequencies and percentages for respondents’ answers.  In_addition, document analysis was

used for open-ended questions:

Phase II: The incorporatibn 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: 7
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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There were 8 major steps of research procedures in this phase of study:
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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:
Step 4:
Step 5:
Step 6:
Step 7:
Step 8:

Contacting, selecting and preparing the course

Conducting the pilot study

Revising lesson plans and research instruments

Conducting the main study

Gathering and analyzing student’s learning outcomes

Evaluating the learning approach

Research Instruments

There were 5 majongresearch instruments? used in this phase of study: 1)

Questionnaire on Students’ s Opinion_of _Ethics_in. Science (QSAES) 2) The Test on

Understanding of Ethics in Science (TUES) 8) ‘Evaluation' Form on Thinking Skills (EFTS;

Practical and Ethical Thinrking Skills) 4) Interviews Questions for Students (1QS) 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

Methods Instruments’ quality
Research
Created by Adapted from
Instruments Validity Reliability
researcher others
1. QSASTES X X 10C* CA**
2. TUES X I0C Inter-rater coefficient
3. EFTS X I0C CA
4.1QS X I0C
5. SPOF X I0C
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* 10C = 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

Data collection periods

Instruments Before During After Subjects

the instruction

1. TUES X X All PS*
2. EFTS X X All PS
3. QSAES X X All PS
4.1QS v ¥ y 2 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 m > o
Topics** Ethical principle | & |8 (2 |2 | Q
Plan 212|984 s
mainly used* S|13|3 |23

(Period) ® 3 g g

12 Orientation and introduction 1-12 N N

3-4 Atomic structure: atomic models 1,2,3,6 &10 \/ \/ \/

5 Subatomic particles 287 \/ \/
6-7 Wave and its properties 1,2,3,10,11&12 \/ \/ \/ \/
8-9 Spectrum 9 \/

10 lonization Energy 3 &10 \/
11 Electron configuration 3 &10 \/ \/
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Lesson Topics** Ethical principle m > lo
Plan mainly used* 5 '?: g. § g
& |2 |5
(Period) 5 ,3 f_i_ E: 7
12 Cloud atomic model 3 &10 \/
13-15 Electron configuration in shells 3 &10 \/
16 Chemical bonding 3 &10 \/
17-19 | lonic bonds 359,10 &11 |+ N N
20 Energy and ionic formation 9 \/ \/
21-22 | Dissolution of ionic compound 123,10 &11 |+ | |
23-24 Molecular and ionic formula 1,2,3,10 &11 \/ \/ \/
25 Conductivity of iohiec compound 123410811 |+ |+ |+
26 Types of covalent bonds 7 \/
27-29 Covalent compounds’ formula.and 3,6,7'&10 \/ \/ \/
nomenclature . o
30-32 | Shapes of covalent molecule'and VSEPR 12310811 [+ |+ N
33-35 Shapes of covaiéni moleculs and VBT 3 &10 \/
36 Molecular polarity 3&10 N
37 Bond length, bond.angle' and bond“energy : 3,6 &9 \/ \/
38-39 | Bond energy calculation 9 N N
40-41 Intermolecular forces 1&5 \/ \/
42 Network covalent solids 3810 N
43 Metallic bonds 7 N
44 Periodic table 1,9810 N REY
45 The properties of elements in rows and 3,6&10 \/ \/
periods
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 I[UPAC 6&9 \/ \/
nomenclature
52 Radioactivity 2,3,7,9810 N N N
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. Doecument;analysis was employed to find the qualitative results in
the interviews. ; 7 :

Qualitative data analysis was also! used to.support:the quantitative results of the
learning outcomes. /The, observations \weres«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 wassanalyzed 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 scienqes, 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 i, Spinliuts ‘
Disagree 2
Strongly disagree: 1
The negative“ rating:scales of agreement
Strongly-agree | : 1
Agree” " 2
Neutral ; 3
Disagree i 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 10C (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 Ol-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:

2.1Ethical principles, issues and concepts were studied based on David B,
Resnik’s (1998) propesal and defense.

2.2The obtained data “from 2.1 ‘v‘\'/‘ere‘ used to.create opened-understanding
test. ‘ 7

2.3The understanding:test was, submitted:to. a group of three experts who are
involved ,with the _social sciences, chemistry and educational subjects.
Improvement“ of ~thewtest, wregarding content validity, language was
reconstructed'in accordance with the experts’ssuggestions and comments.

24The improved‘ test,was tried out” withirgrade 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:

3.1The 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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3.2The 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 atd P,
Disagree bt 4
Strongly disagree V: 5

Meaning interpretation of mean scores is divided into 5 levels:

Very.high = —uu 4:50:=5.00
High : 350 =449
Moderate : 250 +3.49
Low ; 1.50 =2:49
Very low T 1.00.—1.49

3.3The evaluation form was submitted to three experts who are involved with
the social sciences, chemistry and educational subjects. Improvement of
the evaluation form, regarding I0C (content validity, language) was
reconstructed in accordance with the experts’ suggestions and comments.

3.4The 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.

3.5Determination of the evaluation form obtained from 3.4 was used to find
reliability, calculated by using O-coefficient of Cronbach’ method (Aiken.

1991:100). The reliability of the evaluation form is 0.848.
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Statistics

1.
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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. ‘ b

4.4 The improved.questions were; tried aut, insgrade ten with students from
Mahidol Wittayanusorn Schoel for clarify :the®appropriateness and quality.
Improvementé of -thenquestionsuwere  done for making use in the main

study, regarding'to students’ comments and feedback.

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
Statistics used to develop the instruments for validity and reliability are as
follows:
2.1 Content Validity by Index of ltem-Objective Congruence (I0C)
I0C = ) RIN
Where I0C denotes Item-Objective Congruence
ZR 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 (0l) 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 ‘th‘e‘tes‘t items.. Cronbach’s Alpha Coefficient

was calculated by

0= (KI(M) {143 (ST unl

Where O “denotes Cronbach Alpha Coefficient
k dehotes the number ofiitems’in the group
Szi denotes'the variances-forthe k individual items

2 . 4 .
S «um 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 Il: 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 ljespondent
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

Schools
) Total %
Variables MWITS PCCs
N =27 % | N=80 % N =107 100
Male 12 | 444 28 35.0 40 374
Gender Female 13 | 48.2 40 50.0 53 495
Not specify 2 7.4 12 15.0 14 13.1
20-25 1 3.7 5 6.3 6 5.6
26-29 12 | 445 14 17.5 26 24.3
Age (year)
30-35 10 | 37.0 28 35.0 38 35.5
36-40 - - 8 10.0 8 75
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Schools
Variables MWITS PCCs fotal %
=27 % | N=280 % N = 107 100
More than 40 4| 1438 25 31.2 25 271
Bachelor’s 8| 296 46 | 57.5 54 50.5
Master’'s degree 16 | 59.3 32 40.0 48 44.9
Level of education
Doctoral degree 1 3.7 - - 1 0.9
Other 2 7.4 2 25 4 3.7
1-5 13| 48.2 13| 16.2 26 243
Years of teaching | ¢ 19 10.4.37.0 23| 288 33 30.8
experience More than 10 41 148 44 | 550 48 44.9
Chemistry 947334 257 31.25 34 31.8
Field of subjects Biology 10 | 37.0 254 31.25 35 327
Physics 81 296 30 | 375 38 355
Grade 10 17| 68.0 41| 387 58 40.5
Grade of teaching | Grade 1 12| 444 34% 82.1 46 32.2
Grade 12 8 -29.6 31 29.2 39 27.3
Participation in Yes 8 29.6 24 | 30.0 32 29.9
scientific ethics
activities 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.

participation in scientific ethics activities, mostly, they have not participated.

As for

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

Schools

Variables MWITS PCCs Total *
N =72 % | N =216 % | N=288 100
Male 46 63.9 74 34.3 120 417
Gender Female 25 34.7 142 65.7 167 58.0
Not specify 1 14 - - 1 0.3
14 - - 1 0.5 1 0.4
15 25 347 49 22.7 74 257
Age (year) 16 42 58.3 149 69.0 191 66.3
17 - - 13 6.0 30 45
Not specify 5 o (U 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“coursesydo ;not include any that focuses on
science and ethics in sciencewand, 15.9% reported «that there is one course focuses on
science and ethics. About 18 perceni 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 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”

Students' Opinion

[ Strongly important
& Very important
[ Somewhat important

B Hardly important

] Not at all

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, 68.24% 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 ofjprominent ethical principles, impact of research on
the individuals or society and consideration of diversity, ofivalies and beliefs which are the
first three ethical issues students haveslearned instheir sciencé classrooms. About 26.2%
of teachers indicated that sthey " 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 textibeok that specificallysfocused on ethical issues. About
25.3% of teachers devoted approximatgly 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”

N
o

w
o

N
o

Frequency
>

[ Lack of class time for ethical issues
[E Lack of preparing time for ethical issues

[ Uncomfortable, lack of knowledge and resources on the subject

B Not interested in it and it's not necessary to teach

FIGURE 6 THE RE MUCH COVERAGE

OF ETHICAL IS

4. Responden ,' Jearn g » , cience classroom
Science teac . 7 principles of scientific ethics
(proposed and defended by David B} i )98) 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"QF SCIENTIFIC ETHICS PRINCIPLES

From FIGURE:7, the "tép "fi‘\'/é‘i.rﬁportant sciénﬁfi,c ethics principles, for science
teachers, are honesty, so_cia_l __rér‘sp(‘)nsibility, carefulness, op_eriqess and credit, respectively.
When it comes to sci_'encé étudents, the. ' results a:ré r:fonesty, carefulness, social
responsibility, freedom and openness, Tespectively: ; .

A total of 7636%' of “teachers’ thought  that there should be an academic
requirement of ethics for sgiénce _.stUdenfs. : ‘;,'Major_ity‘ of these teachers, 75.6%,
recommended that it should be. in ‘t_h‘“'e; core cUrficUIum ’requirements for all students and
20.7% of them recommended that it sh‘.oij‘ld 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.
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Most of science te ﬂer; a 'i‘»t&d’%ngs a’re sted in several different kinds
of activities, inside and out&dks:o%r;l oup 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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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.”

“l 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 thansacademic knowledge.”

“To share techniques‘ and ‘te_ai‘:‘hihg'lmet-hpd of scientific ethics in classroom”

The reasons of abgut":8.45/;-‘of teéchers who wauldn't participate are “Not sure

yet” and “No enough time_to p_arti‘c'i.pate.” e
¥ % 1

180 O Course syllabus
160 [ Lesson plans
140 [A Learning materials
- 120 Il Roster
o
c
% 100 [J Assignments
(]
S
L 80 I Grade book
60 [ News and announcements
40 [0 Resources or related websites
20 Il Web board or chat room
0 [J Moral music or songs
teachers students @ Other

FIGURE 11 TEACHERS AND STUDENTS’ OPINIONS ON THE MAJOR COMPONENTS
OF THE WEBSITE
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Phase Il: 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

Score Score

No. No.
Before After = Before After
1 8.0 150 ey T, 6.0 135
2 6.5 14.0 "4 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 75 | & —il 17 5 13.5
6 75 110 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 9.0 145 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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| better understood because | never learned this in a lower secondary

school. There was just general ethics, especially, Buddhism ethics. When |

learned here, | better understood the principles of ethics in science.

- In terms of “animals in research”, | have never known this before. | always
thought that killing animal is prohibited. In fact, we can use animals and Kkill
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.

- | 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.

- | understand that there_is a teacher.who isinterested in ethics more than
other teachers:

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

- | understand but -+don’tknowsifsthere would be anyone who takes it to
action. It .depends on individuals jand%itime or sometimes from the
experimental results.

- Most parents' _careyabout only grade point so that sometimes students

needed to copy otherg’ 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.

- | 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

Before After
No. Statement Mean Mean
Interpretation Interpretation
(S.D.) (S.D.)
Honest
Tonesly 413 4.25
1 | draw a conclusion and report my result as its High High
(0.61) (0.53)
real data as obtained from an experiment.
2 | don’t fabricate or falsify data from experiment in 3.79 4.04
High High
order to get the expected result. (0.59) (0.81)
3 | ask or copy my friends’ exams. 4.29 4.46
High High
| (0:89) (0.66)
Mean rating for the principle of honesty : 4.07— High 4.25 High
Carefulness ¢
; 3.83 4.08
4 | conduct an experiment and present.results by, High High
(0.70) (0.93)
minimizing experimental and human error.
5 | avoid self-deception and bias in experiments. 3.92 : 417
1 High High
(0.78) : (0.76)
Mean rating for the principle of carefulness 3.88 High 413 High
Openness
4.21 4.67
6 | usually would like to share data, results; High Very high
(0.66) (0.48)
methods or ideas with peers.
7 | would like my peers to be able to review my 4.04 4.54
High Very high
experimental results or science project. (0.62) (0.59)
8 I am open to criticism and new ideas on my 4.25 4.54
High Very high
experimental results or science project. (0.61) (0.59)
9 | don’t want anybody know important data of my
3.21 3.50
results or science project that | am doing, and Moderate High
(0.78) (1.18)
not completely finish yet
10 | don’t want to perceive new ideas, methods, or 3.71 4.54
High Very high
peers. (1.00) (0.59)
11 | like working cooperatively and trust the others. 3.96 4.42
High High
(0.69) (0.58)
Mean rating for the principle of openness 3.90 High 4.37 High
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Before

After

No. Statement Mean Mean
Interpretation Interpretation
(S.D.) (S.D.)
Freedom
EE— 4.04 4.29
12 | like to be free to conduct research on any High High
(0.69) (0.69)
problem or hypothesis.
13 | like to be free in doing inquiry in science for my 4.04 4.71
High Very high
experiment or science project. (0.81) (0.46)
14 If I had a freedom in doing an experiment that 3.96 4.71
High Very high
may harm the others, | would do it. (1.08) (0.46)
Mean rating for the principle of freedom 4.01 High 4.57 Very high
Credit ‘
15 | put my friend’s names who_are net‘involved in 2,58 2.25
Low Low
the experiments or group work in the report or (0.78) (1.19)
assignment.
16 | agree on the punishment, for. students who 3.50 ; 3.79
High High
copy other students’ assignmenttor plagiarize (1.06) (1.02)
Mean rating for the principle of credit 3.04 Moderate 3.02 Moderate
Education
383 4.42
17 | always teach or explain my friend onsthe topies | “ High High
- (0:70) (0.65)
or experiments they don’t understand.
18 | want to make sure that my friends always do 3.58 4.50
High Very high
the good and proper experiment. (0.78) (0.59)
19 If 1 had a change to educate or give a seminar
3.88 4.29
or workshop in science to community or public, | High High
(0.80) (0.69)
am willing to do it.
Mean rating for the principle of education 3.76 High 4.40 High
Social responsibility 4.71
4.38
| will definitely not do any science experiment High (0.46) Very high
(0.58)
20 that harm school or society.
21 I will try to bring scientific knowledge to make 4.29 4.54
High Very high
best benefit to society. (0.62) (0.51)
22 | will take my responsibility on my science 4.08 4.54
High Very high
experiment or project | have conducted. (0.72) (0.59)




TABLE 13 (continued)

78

Before After
No. Statement Mean Mean
Interpretation Interpretation
(S.D.) (S.D.)
23 I will inform public or society knows about the 3.88 413
High High
scientific results or findings. (0.74) (0.45)
Mean rating for the principle of social responsibility 4.16 High 4.48 High
Legality
4.17 4.46
24 | always do my experiments or science project High High
(0.92) (0.66)
under the code of conduct or related standard.
25 I will conduct an experiment with high get paid 4.00 4.42
: High High
regardless of legality. (0.98) (0.58)
26 | do not use hazardous and prohibited ‘
' 446 4.75
chemicals, human and animals in‘experiment if | High Very high
(0.78) (0.44)
am not legally allowed,
Mean rating for the principle of legality 4.21 High 4.54 Very high
Opportunity :
27 I’'m not satisfied if It is unfair forme in using 3.83 413
g High Very high
resources in doing science experiment-or (0.82) (0.99)
project.
28 I think female scientists should get the: equal ‘
- 467 4.92
opportunity as well as male scientists in deing Very high Very high
(0.56) (0.28)
scientific work.
Mean rating for the principle of opportunity 4.25 High 4.53 Very high
Mutual respect
417 4.75
29 | don’t want my peers to harm me both High Very high
(0.70) (0.44)
physically and mentally.
30 | respect the privacy of all group members. 4.08 4.58
High Very high
(0.65) (0.50)
31 | won'’t get involved in my peers’ experiment 4.21 4.38
High High
which can cause danger, if not allowed. (0.51) (0.65)
Mean rating for the principle of mutual respect 4.15 High 4.57 Very high
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Before

After

No. Statement Mean Mean
Interpretation Interpretation
(S.D.) (S.D.)
Efficiency
32 | always use materials and chemicals in 3.96 3.88
High High
experiments efficiently. (worth, value, and most (0.69) (0.61)
effective).
33 | will minimize animals in lab and most efficient
417 4.54
or | will use other subjects instead of animals if High Very high
(0.87) (0.66)
possible.
34 | will use resources that can.be reused: - 8.88 4.21
‘ " High High
-(0%61) (0.51)
Mean rating for the principle of efficiency. 4.00 High 4.21 High
Respect for subjects
4.33 : 4.58
35 I will treat animal subjects with care and:respect High Very high
‘ (0:64) (0.50)
36 | will take good care of animal subjects
regarding of their welfare such as‘enough space 4.29 4.63
High Very high
place to live, sterile, enough food and:water, and | (0.55) (0.49)
no torturing.
37 I don’t think animal subjects should be taken 4.21 4.67
High Very high
care much because they eventually will be killed."| (0.88) (0.70)
38 Subjects have their own rights to stop or
4.50 4.75
withdraw from experiment anytime if they feel Very high Very high
(0.59) (0.44)
that they will be harm or killed.
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.

Practical Thinking Skill
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FIGURE 12 CHART OF THE MEANS FOR STUDENTS PRACTICAL THINKING SKILL
BEFORE AND AFTER STUDYING

? 5

At the beginning of the class; "stijdents 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 warriorwith . weapons, but ones that are
chipped and faulty: s

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

A true scientiét 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 thatl am ‘in_this world, pray not let me be poor.
If | am poor, pray not lettme be unethical. If | am unethical, pray not let me
be ungrateful. If | am ungrateful, pray not that | 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 expefiments,liké we use chemicals efficiently and not played in labs.
| think this ‘helped.” o 'do ah 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 hélped. 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 thinkihg skills; the responses are as follows:

It was good. | 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 sskill s«from workingiasta, group and also from giving a
presentation of the case study.

Very good. We  got: thisuskill=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

Before After
No. Statement Mean Mean
Interpretation Interpretation
(S.D.) (S.D.)
1 | always like studying science in 4.33 4.38
High High
new perspectives. (0.48) (0.58)
2 | think that science and ethics are 4.04 4.58
High Very high
related. (0.69) (0.65)
3 I’'m interested in and curious about 3.7 4.38
High High
how | will be a good scientist. (0.81) (0.71)
4 | understand ethics in science well. 3.54 4.33
: High High
(0.78) (0.70)
5 | think that study ethics in science it
; 447 4.54
would be the basis of becoming a High Very high
(0.82) (0.51)
good scientist.
6 | 1 would like to be @ good, ethical,
‘ ‘ 4.04 ‘ 4.46
and role model scientist toyother High High
(0.75) (0.59)
ones.
7 Study of behaviors and \
AT 4.42
characteristics of ethical scientistiis High High
(061) (0.58)
interesting. . .
8 | think that all science students
should study about ethics in 421 4.63
High Very high
science as a basis for studying (0.66) (0.58)
other science subjects.
9 | think ethics in science is difficult 3.46 3.96
Moderate High
and boring to study. (0.98) (1.08)
10 | Studying ethics in science helps
me open up my point of view on 3.88 4.25
High High
another side of science that | have (0.80) (0.74)
never known before.
11 | Studying ethics in science is useful
413 4.38
for me to live my daily life, further High High
(0.68) (0.58)
education and professional job.
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Before After
No. Statement Mean Mean
Interpretation Interpretation
(S.D.) (S.D.)
12 | Studying ethics in science makes
me aware and appreciate in the 3.92 4.46
High High
importance and value of way of (0.65) (0.59)
life.
13 | Studying ethics in science teaches
4.21 4.38
me that | have to make more High High
(0.59) (0.58)
social responsibility.
14 | I'm interested in pursuing my 3.21 3.75
Moderate High
career on ethics in science, (0.78), (0.85)
15 | Ethics in science is veny important a e
4733 % ‘ 4.58
for science student, also scientistsi High Very high
(0.56) (0.58)
in different fields of interest.
16 | | would like all schools.to provide
3.83 4.21
ethics in science in science High' High
(0.96) (0.78)
curriculum.
17 | Ethical scientist will"help, society be
4.67 4.63
prosperous, livable and make ; Very: high Very high
(0.56) (0.58)
everyone live together happily.

science after studying were higher than before.

From TABLE 14, most of the mean scores for students’ opinions on ethics in

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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Students' Opinions on Learning Ethics in Science
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FIGURE 13 CHART OF 'FHE MEANS FOR STUDENTS’ OPINIONS ON LEARNING
ETHICS IN SCIENCE“BEFORE AND AFTER STUDYING

According to the group u}terwews they responded to the questions. The first
question asked students to descrtbe Jhpw |mportant 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,



87

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 ournation.

We should Iéarn it-invorder toruse: it-as a lesson on the bad consequences,
of thase who"had misconduct, gotiso that'we won't do it unethically.

We should. [earn it:.If we learn only.théscontent or theory we will not be
able to know what, the consequences are.If we did (something) wrong,
and no had punishme}nt, 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.

| 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:

| 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.

| agreed, if we don’t follow the principles of ethics in science, then society
will be condemned.* ‘Also, if théy=do it illegally, they will get caught and
their future is*a dead end. De’blored forstheir knowledge which will not be
able to bewused-develop our country.

Buddhist_or religious precept will cover ethics“in science.

| agreed; exberiments need ethics:because the results would tell us if it's
theoretically=correct.| We also can|check jifithere were any mistakes in the
experiments.” This made us not to.makesup’ our labs and we should do it
carefully and*honestly: '

| agreed. For examplg, a“'scientist ‘who thinks of producing medicine to
cure patients but he istnot-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.

| 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 douit ethically wrong, such as no making up
data.

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

Both, start Trom a rregular=science | class first, then, anyone who is
interested in“it could attend the additionalsclass later. Case studies should
be providéd more.

Both. In regulariscience claés, time, is«limited. In an additional science
class, there might be qot 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 moreswhen we have a website.

As for a website, ithere should be* more case studies, more interviews on
important sciehtists, more beadtiful'and attractive pictures.

A website “wassgood. 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. ||t could, probably be both. Anyway, |

would préeferface-to face learning.

When asked to describeshow 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 inélude theissue of a cBuntry with-not enough food.

There should be a;debate or rofe 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 findingsgive: 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 exploretteachers’ and students’ opinions on
learning ethics in science indThailand in_order to be used asi preliminary results for the
second phase of the research. Thereraresthree main objectives, as follows:

1. To find the school’s. general learning inethics

2. To find the respondents’ethics learning.in.theiscience classroom

3. To find the respondentsijopinion 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 Il: 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, developiand assess students’ ‘understanding of key ethical issues,
concepts and“principles-in-science.

2. To promote, develop and.assess| students’ anafytical, 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 -ofya“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' studénts 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 foundsthat 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.ethies, 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. Howeveér, for other schools, ‘€entext and. appropriateness of the school
needs to be considered in implementing hybrid tearning.

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, notwall-of obtained- results could be used in the second
phase. The rest could be used to further conduct future jresearch or help the researchers

analyze data more deeply. in all:details.

Phase II: The incorporation ‘of prir)ciple-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 ‘ethiecs*in:science, the mean;'score was higher with 4.33 (S.D. =
0.7) which showed that_their understanding: on ethics lin Science, namely key ethical,
concepts and principles in science;-was: better: wFurthermore, it can be seen from the test
of understanding ethics in science which the pretest scoreswas 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.injseience was higher.

In this study, “all principleg 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 togethergby sharing their ideas’ er_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 thatithey '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'theyshould 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 45" 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 therdesign 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 Edueation 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 studentsieventually learn that they should
educate prospective scientists' and-insure that they‘learnshow to conduct science properly.
Additionally, scientists should educate gnd 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
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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 Schén: 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 cultivatéd by teachers to keep in.mind that they have more opportunity
than other students in general“school in terms of s¢holarship, scientific resources and tools
such as chemicals and cutting-edge" scientific jtools_available"in this school and so forth.
Therefore, they should be jaware of |social responsibility,” using resources efficiently,
educating other people and trying torinform the spublic 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 guality; of ‘life. ' Students:werew introduced to the concept that
scientists should not be unfairly “denied the oppertunity to use scientific resources or
advance in the scientific profession. They shouldsbe 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 Schén. 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 wark on' in groups in the classroom. They learned that scientists
should not violate rights or*dignity when using humanisubjects in experiments. Scientists
should treat non-human,_animal ‘subjects with “appropriate réspect and care when using
them in experiments. Also, they could: alsoslearnfor themselves in the website provided
with several articles on using“animals in labs. [Furthermore; they learned from their biology
class, mainly animal subjetts, 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 Jresearcher had to ask for permission from students,
participants as human subjects, whichviscalled “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 subijects, 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



101

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 tosthe results first. Theéy stated that was the reason why they
sometimes had to violate the ‘principle: 6f honesty." Therefore, teachers may have to look
back at themselves and cconsider‘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:insthesinterview' that only their class was able to
learn by this method “and#there will probably be no morerof 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 (Onlineethies., 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 Schon 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 ).

As statedearlier, a*discussion on'thetprinciple of social responsibility was
conducted. It is also an interesting example of students’ analytical thinking skill from a
student who learned in this classroomswas thatsa:girl who attended the Noppamas Queen
contest held at school on :koy "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: Fpr' 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¢alse 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 theirspresentations= Other groups also have their own ideas
to present differently.” As discussed on the principle jof respect for subjects, drawings on
animal subjects used in thé sCientific.research also_helpedsstudents to think creatively.

From the interviewy 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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410, 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 dealieffectively 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 ideasfon .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 | will be a good;scientist.” FThe means are 3.71(S.D, =%0.81) and 4.38 (S.D = 0.71),
respectively. Another statement -was«‘“study=ofsbehaviors 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 scienée 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 stqu.' 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; “lt 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"seiénce is“very important and it should be included in
all general science classrooms.by includingl it in science, curricula for all science students.
This is similar to the study of Lysaght, Rosenberger and Kerfidge. (2006) which found that
undergraduate biotechnology students=generally=regard ethics education to be important

and that ethics should besineluded in undergraduate biotechinology curricula.

Objective 4: To“evaluate.the effectiveness«ofia 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-tosface learning, classrodm atmosphere, (See APPENDIX E) was
one of factors that helped enhance;and motivate stiidents to be aware of ethics in science.
Therefore, the researcher set-up;*noty only classroeam, atmasphere, 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. Thig“ear 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 Iearning ‘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 Discussionfon research.instrumenhts
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 (bésed on=thetheory= of- successful intelligence defended by
Sternberg, 1997) and can be, measurable. Another variable swhich 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 sk[lls. 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 chemieals and material in laboratory efficiently.
On-line survey could be used in order to_save paper.
2.2 Discussion on data cellection

In processof data collection, the following issues are discussed:

221, |In case study presentations, students ‘were assigned to work in
groups of three to present their own-casesstudy insfront 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“Suhday, 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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222 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 'thejclassroom. On the other hand,
they need not to be in the same class:with thesresearcher to observe students’ behavior.
For instance, in a Scientific dnquity and Nature of Sciencef(SINOS) class which is the class
for all grade 10 students.to take and it was taught'by the reésearcher 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, sfeady and comfortable .to respond in the interviews. This

unexpectedly occurred but it should. bediscussed and.considered.

3. Discussion on final thoughts

According te 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 thoughistudents may.say they.are not familiar with the ethical
issues or principles in science, et 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 jpoint_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” forsthe researcher to gain their
understanding and valuable opinions on 'several topics; for linstance, the pedagogical
approach on learning ethics in a sciencesclassroom.- This made the researcher learn how
to work on group interview effectively.

Third, the résearcher. learned that  theréware 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 electivg 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 résearcher faced. is the creation of a website as part
of hybrid learning with /little knowledge ofl how to. do" sosand the many problems that
occurred, but finally, /it was Jcompleted | and..can be' further®developed. Throughout the
research study, there were many problems thewresearcher had to confront and overcome.
This means that it has 'made, the researcher| stronger and.become more patient. Most
importantly, the researcher did Jlearn. how to tackle thosesproeblems effectively. As Robert
Bob, a physics educator at Fermi Lab«lllinois, USA said that science requires dedication, not
perfection. The researcher can.feel tr]is from thissresearch 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 | 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, | think, to study

the implications of science ... Pascal Jacquemain, UK (French)

| believe that values exist naturally in every human being - they just need to be re-
awakened through providing a supportive learningsenvironment, suitable resources and, most
importantly, through teachers;sparents_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  enoughstorintroduce new and helpful ideas to students as a
creative leader and good-role fnodel. Like |in [Frenchmsstudents 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+philosephy 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 thoughuthis is not the best research study as
someone may have expectéd, but,the researchérsreally wanted to tell them that he has

done his best.

Limitations of the Study

The results of this s’tudy are'not withoutrits-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/imoral 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, if-service science teachers should do the
same course on scientific ethies 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=ofsscience and ‘the human context in which
science occurs. These #are“'the. reasons why studentsneed 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 courserortin 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 additiohy the results give a strong indication that
hybrid learning is a productive“way;toteach ethics in.science with the time and condensed
content limitations. This study.also;shows that;students’ aresinterested in learning ethics in
science and also thought that it'is very important for all s€ience students to learn and
understand these concepts,” and—principles=ofuscientific’ ethics.  Therefore, this study
provides strong support forithe argument that science:teachers can incorporate ethics into
the science classroom for”highs school students at‘an ¢appropriate level and with several
different pedagogies. There shouldybe.a course thatiscientific 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. #Insall cases, schools™imitations 'should be considered. For
instance, hybrid learning .is more' likely to besused in. a jschool with internet accessibility.
For non-science schools,.science teacherssmay have-to modify some aspects in order to fit
the school’s context’ and sappropriateness. |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 onjthe, 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 uhcontrolled consequences of science should
also be taught (Frazer; &*Kornhauser.; 1985; &:Gaosling;s & Musschenga. 1985). All
science educators should alse specifically consider these issués.

4. Recommendatiohs for-science: researchers/mentors

Today science=researchers or mentors playsan. important role on students’
science projects or research.” When students 'are learning “about scientific research, they
also have to learn about the standards of conduet:y Advising and mentoring by more-
experienced scientists is essential. They have responsibilities to offer the guidance and
advice on matters connected to scientificiresearch 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 iconducied where students are
exposed to ethics in science for threenyearssconsecutively 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:/Scheol as well as in, other/science schools in Thailand to
gain results that are more obvious and j[odetermine 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 gertainly,lead_to the spread out of meaningful teaching scientific
ethics across the nation.

6.4 Future research-on;the jprinciple of.honestyswould be a major requirement
since it is the core of any other ethicall principle. = Additionally, other principles should be
studied in different ways with time - allocation: For ‘instance, the ethics of social
responsibility, respect foresubjects that can be performed=through drama or role- playing.
All of these principles genérally;take,time to conduct research and to see the obvious and
reliable consequences.

6.5 The Thai students anfi ‘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.
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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
Part B
Part C
Part D

Personal data of respondent
School’s ethics learning in general
Respondent’s ethics learning in the science classroom

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 thisiquestionnaire will be‘o‘nly used for research statistical purposes.

Therefore, your participation in” thisiSurvey provides' valuable benefits to my research study

and also to scientific ethics‘education’ at large.

The researcher is gréteful 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

Part B

1.  Gender
2. Age

: Personal data of respondent

() Male () Female

: 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 sheuld=avoid errors in research, especially in presenting
results. “They should minimize experiméntal, methodological, and

humanserrors and avoid self-deception, bias, and conflicts of interest.”

) Openness

“Scienfists should' share data,results,'méethods, ideas, techniques, and
tools» They:should allow other Scientists to review their work and be

open to. criticism and new'ideas

) Freedom

“Scientists should befree tor'eonduct 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 “Scientists should treat colleagues with respect.”
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, wha-t level of understanding of ethics in

science do you think you have?

( ) Veryhigh ( )iHigh| (' ).Moderate, ( ) Low ( ) None at all

3. To what"exte’nt‘ do_you think ' ethics in science is important for science

students or scientists?

() Strongly important. “(—)Very-important ~ (" /) Somewhat important

() Hardly important .. ( “#)Neot-at all

4. To what extent do you think you are interested in studying ethics in

science?

( ) Veryhigh ( )High ( )Moderate ( )Low ( ) None atall

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

( ) Formal lecture () Formal lecture

() Having a visiting speaker () Having a visiting speaker)

() Open informal discussion/ () Open informal discussion/ small-group

small-group discussions/debates discussions/debates)

() Issue-based learning () Issue-based learning

() Inquiry-based learning () Inquiry-based learning

() Assigned reading and () Assigned reading and papers
papers () Optional reading

() Optional reading (* ) Simulation/ Role-playing / Drama project
() Simulation/ Role-playing / (’ ) Case study analysis

Drama project ( ) Narrative pedagogy/ journal/ essay
() Case study analysis ; writing/stories written

() Narrative pedagogy/ journal/ (+ ) Watching/ editing TV news video
essay writing/stories writ:ten; ‘ (* " Painting and cartoons

() Watching/ editingr'TV news (1) 'Small grouﬁ research and seminar
video Al presentations

() Painting and cartoons , ( ’ )-Science fiction

() Small group research and ) & 7' ( )eGames

seminar presentations () Other (please specify):

() 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

Defending one’s personal stance on issues

()
()
()
() Awareness of the foundations for personal opinions (biases)
()
() 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 theselective courses for the students who are interested in it
() Other.(please specify):

2.  What kind of pedagagical-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): .o

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 SPECITY): ..coiii e
The components of the website should be (choose all that apply)
) Course syllabus
) Lesson plans
) Learning materials

) Roster

) Assignments

4. Do you thl’ ' Tb gfh‘éuld be CQy ent’ y skills for students? (choose

A}

all that apply)

() Practical thinking ) 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
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“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
Part B
Part C
Part D

Personal data of respondent
School’s ethics learning in general
Respondent’s ethics learning in the science classroom

Respondent’s opinion on learning ethics in the science classroom

Your response is ¥oluntary. and.all information will be kept strictly confidential. The

information collected in this quéstionnaire will bé 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 inftaking 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

—_~ o~ o~

4. Years of teaching”

5. Field of

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, | have
() Never
If yes,
How many times, (approximately)?

( ) 15 ( )510 () 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 speeific courses related to ethics.
() Yes, the students-have a choice of many courses that fulfill a broad
requirement
() Yes, the students-aresrequiredstorattend some non-classroom activity.
( )No
() Others (please SPECIfy) & w...)o.oth o . e,

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 newsgvideo
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 grour‘p research and seminar
presentatiohs

) /Science fiction

) ‘Games

=) Other (please specify):

Again, if yes, how satisfied were you with your introduction of ethics in the class?

(
(

2. Does the main assigned textbook(s) for your class include ethical issues?

(
(
(
(

) Very satisfied (
) Dissatisfied (

)
)
)
)

Yes, in the main body of the text.

) Moderately satisfied (

) Very dissatisfied

Yes, in a special section separated from the main body of the text

No, not at all

Other (please specify):

) Satisfied
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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. ApproximatelyWhat pereentage of your class time is devoted to ethical issues?
() None e
() <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): .ouiiiiiiieiiie e
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 ( ) Verylow
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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): ..o

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, butin some;other. way (pléase. specify)
() No, not at all ‘ 7 :
2. Do you think theresshould be an academic requirement of ethics for science
students?
( )Yes
( )No

If Yes, itshould be
() Inthe core ecurriculum requirements for all students
() In‘the elective courses for«the students who are interested in it
() Other (please SPECify): . ... ....cooii e
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): ..ovieii i
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)giyen where'credit is due but not where it is not

”

due.

() Education

“Scientists should educate.prospective scientists and insure that they
learn how to -conductsgood. science.1Scientists should educate and

ihforrh the public about science.”

() Social
Responsibility

2‘,Scjentists should—avoid{causing hasm {o 'society and they should
attempt to produce social|benefits. Scientists should be responsible for
the ‘consequences:of itheir research and they should inform the public

about.those cor:isequences."'

() Legality

“In the process ‘offresearch, 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 “Scientists should treat colleagues with respect.”
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

Several different kinds of activity

()
()
() Inside and outside classroom
()
()

Other (Please SPECITY): .iviiiiiieiie e

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 ‘(choos"e allthat apply);

(
(
(
(
(

)
)
)
)
)

Llook.fashionable land interesting
Have various compenents

Be easy-to-access-andiuse
Be'easy to learn anywhere anytime

Other, (please ‘SPECIfY): ..at . it Bl e,

The components.ofithe 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): .......oiiiiiiiiii e
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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

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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Ethics in Science
Fundamental Chemistry (SC 40131) Grade 10
1% Semester, Academic year 2009

NAME . e e NO. .o
Instruction

1. Answer all questions completely
This is an five-essay exam with 15 points

Time allotted for this exam is approximately 20 minutes

P owN

The answers can be written in this exam paper

1. What is scientific ethics? Please explain

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 scientifi is best correspond to this story? (1)

ich is element No. 130.

ould you do? And why you
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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 feutraPwiththolstemant,

2 You disagree wi‘th the stétemeht

1 : You strongly. disagree with.the statement ,

Example of evaluation

Strongly Strongly
Agree Neutral Disagree
Item Statement agree disagree
3 (4) @) (2)
(5) (1

| always like studying

science in new /

perspectives.
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No.

Statement

Strongly
agree

(5)

Agree
(4)

Neutral

©)

Disagree

()

Strongly
disagree

(1)

| always like studying

science in new perspectives.

| think that science and

ethics are related.

I’'m interested in and curious
about how | will be a good

scientist.

| understand ethics in

science well.

| think that study ethics in
science would be the.basis

of becoming a good scientist.

| would like to be a good,
ethical, and role model

scientist to other ones..

Study of behaviors ana
characteristics of 'ethical

scientist is interesting!

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

subjects.

| 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 | have never

known before.
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No.

Statement

Strongly
agree

(®)

Agree
(4)

Neutral

@)

Disagree

)

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 | have to
make more social

responsibility.

14

I'm interested in

career on ethics

15

16

| would like all scho
provide ethics in S

science curriculum.

17

Ethical scientist will help
society be prosperous,
livable and make everyone

live together happily.




The questionnaire of students’ evaluation on ethics in science

Instruction:

(Practical thinking skill)
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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
4
3
2

1

You strongly agree.with the statement
You agree with the statement 3
You neutral with thé’statement.

You disagree with the statement

You strohg‘ly disagree with the statement

Example of Evaluation

No.

Strongly
il "~ | Agree | Neutral

Statement agree
(4) @)

(5

Disagree

()

Strongly
disagree

(1)

Honesty

| draw a conclusion and report
my result as its real data as

obtained from an experiment.

Carefulness
| conduct an experiment and
present results by minimizing

experimental and human error.

Openness
| usually would like to share

data, results, methods or ideas

with peers.
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No.

Statement

Strongly
agree

®)

Agree
4)

Neutral

©)

Disagree

)

Strongly
disagree

(1)

Freedom
| like to be free to conduct
research on any problem or

hypothesis.

Credit

| put my friend’s names who
are not involved in the
experiments or group work in

the report or assignment.

\

Education
| always teach or explain
friend on the topics
experiments the

understand.

Vi

Vi

of conduct or related standard.

Opportunity
I'm not satisfied if It is unfair for

me in using resources in doing

science experiment or project.

Mutual Respect
| don’t want my peers to harm

me both physically and

mentally.
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No.

Statement

Strongly
agree

(5)

Agree
(4)

Neutral

©)

Disagree

(2)

Strongly
disagree

(1)

Xl

Efficiency

| always use materials and
chemicals in experiments
efficiently. (worth, value, and

most effective).

X1

Respect for Subjects

| will treat animal subjects with

care and respect.

No.

Statement

Strongly

agree

@,

Agree
) _(4)

Neutral

@)

Disagree

()

Strongly
disagree

(1)

Honesty
| draw a conclusion and report

my result as its real data as

obtained from an eXperiment.

| don't fabricate or falsify data
from experimentiin order'to get

the expected result.

| ask or copy my friends’‘exams.*=

Carefulness
| conduct an experiment and
present results by minimizing

experimental and human error.

| avoid self-deception and bias in

experiments.

Openness
| usually would like to share

data, results, methods or ideas

with peers.

| 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

©)

Disagree

)

Strongly
disagree

(1)

| am open to criticism and new
ideas on my experimental results

or science project.

| don’t want anybody know
important data of my results or
science project that | am doing,

and not completely finish yet

10

| don’t want to perceive new ideas,

methods, or peers.

11

| like working cooperatively and

trust the others.

12

Freedom
| 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, | would do it.

15

Credit

| put my friend’s names who are
not involved in the experiments or
group work in the report or

assignment.

16

| agree on the punishment for
students who copy other students’

assignment or plagiarize

17

Education
| 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

©)

Disagree

)

Strongly
disagree

(1)

18

| 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

| will take my responsibility..on my
science experiment orproject | have

conducted.

23

| will inform public or society.knows
about the scientific results,or

findings.

24

Legality

| always do my experiments or
science project under the code of

conduct or related standard.

25

| will conduct an experiment with

high get paid regardless of legality.

26

| do not use hazardous and
prohibited chemicals, human and
animals in experiment if | 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

)

Disagree

(2)

Strongly
disagree

(1)

28

| think female scientists should get
the equal opportunity as well as
male scientists in doing scientific

work.

29

Mutual Respect
| don’t want my peers to harm me

both physically and mentally.

30

| respect the privacy of all group

members.

31

| won’t get involved in my peers’
experiment which can cause

danger, if not allowed.

32

Efficiency
| always use materials and
chemicals in experiments efficiently.

(Worth, value, and most effective).

33

| will minimize animals'in‘lab and
most efficient or | will use other
subjects instead of animals if

possible.

34

| will use resources that can be

reused.

35

Respect for Subjects

| will treat animal subjects with care

and respect.

36

| 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.
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Strongly Strongly
Agree | Neutral | Disagree
No. Statement agree disagree
(4) @) )
) (1)

| don’t think animal subjects
37 should be take care much

because they eventually will be

killed.

Subjects have their own rights

to stop or withdraw from
38

experiment anytime if they feel

that they will be harm or killed.
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IOV W BT, . e
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. | would like to interview all of you in order
to collect data about your opinion on learning ethies in the science classroom. The data
obtained will be used only for‘research®purposes. Thi)s interview does not affect any of
your scores in class. You can stop providing"info‘rma‘tion for the interview at anytime you
want. A :

This group interview will take lapproximately 60 minutes. Te get additional data |

would like to videotape thelinte“rview as.well.

We (PUNRUORORR. - W W oo o ¢ 2.8 ok o ...
PRI, 1% . DU . D | . .
5 i I T R < Wl P
T A %, 7 DN Se. S ...
L T | — 10,
T 12

Agree to be interviewed and videotaped. M. 4/7 students



Questions for Group Interview on Learning Ethics in Science

How important do you think ethics in science is for science students?

O most important O Very important O Important O Not important
O Less important

Why?

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?

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 exper‘i‘ments ethically?

O Agree O Disagree

Why? ‘

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?

O Taught in incorporated in a general science course

O Taught in an additional course

Why?

According to chemistry class you have learned in this semester, what do you

173

think about the understanding of the concepts and principles of ethics in science?
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6. Do you think whether learning science incorporated with ethics helps promote
and develop the following skills? Explain
O practical Thinking Skill O Analytical Thinking Skill
O creative Thinking Skill O 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 e or develop in order to have more

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

used only for research purpose.
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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. | used to think | understood why. “There are
three danger factors in scientific misconduct,” | 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 ofsscientific knbyi)le’dge, 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 pufposely a‘violation of scientific truth. And finally,
the work is always in a field where sreproducibility 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 expectihem to develop the same tumor
at the same time in the same placg. So, biologists who are otherwise, disposed to cheat generally
don’t have to fear that someoneswill quickly.prove ‘them wrong. merely by repeating the experiment.

That, | would conclude, is why faking,data oceurs 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 Malcoelm Beasley of Stanford University to investigate. The
committee’s report was released to“the pgblic, as"‘brorhised, on_September 25. The report detailed
some 24 specific allegations the committee;had inveétigated, and:found'that scientific misconduct by
Schon had occurred in at leasty16 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‘beginswith, | fihd 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 t6 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. | 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 |
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 baftic’:ula[ 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. finevitably, 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 sci’ence. To the public, it's easy'to confuse being wrong with being
guilty. We cannot allow that to happenif scientists stért to fear being accused of misconduct when
they are wrong, enormous damage will bexdone ‘to'the enterprise of science. In this case, the system
worked. Science is self-correcting, as it's supp-osed to.besBut 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. | bought a

thousand shares.

‘ﬁim : 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
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SCIENTIFIC

AMERICAN

Dr. Hwang Dropped from Scientific American 50 for Faking Research

News - December 15, 2005

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. Spécifically, some.women were paid to donate eggs

for use in the experiments, and some of the ‘eggs came f[or:ﬂ' jUnj{)( female researchers working in the laboratory.

The allegations of ethical misconduct were-\(:er"y 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 inthis area of science were s'ti-l;l sorﬁewhat murky, and we declined

to judge him too quickly, although h_'ijs gayer-ub of those problems was blearly wreng.

]

However, scientific fraud is an unforgivabie"éffense against the ehterp'riser of research, and in this case, it completely

invalidates the selection of Dr. Hwang.for inclusion in'the:Scientific American:50.a :

TR i

Dr. Hwang’s deceit misled Scientific American aiong.-\;v_i.th:fhé:inférriational"scientiﬁc community. We regret, in writing
about his work and awarding him a place among key tec-hnbldgyjleaders, 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.

“71‘;1’1: Dr. Hwang Dropped from Scientific American 50 for Faking Research ﬁuﬁuLﬁa 9 §IW1AN 2551 9N

http://www.scientificamerican.com/article.cfm?id=dr-hwang-dropped-from-sci


http://www.scientificamerican.com/section.cfm?id=news
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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
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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.”
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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" in
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“Credit should be given where credit is due but not where it is not due”
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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.”
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“Scientists should use resources efficiently.”
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“Scientists should use resources efficiently.”
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“Scientists should use resources efficiently.”

http:/www.artgazine.com/shoutoutsiviewtopic php?t=2455

“Scientists should not fabricate, falsify, or misrepresent data or results.
They should be objective, unbiased, and trustful in all aspects of the research process.”
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“Scientists should educate prospective scientists and insure that they learn how to
conduct good science. Scientists should educate and inform the public about science.”
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ATANNIIA381555H (Ethics Quote)
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AMANNINDIUETIN (Ethics Quote)
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Science leads us to the origins of life, ethics teaches us how to live life.
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A future in science without ethics, is no future at all.

v A 6 = A a v a [l 1 v A ¥ [l
mannIngmrasidsoumdanmin dudwldasanm ... aznaliifadsslondlaadnes
If scientists are likened to a clock with inaccurate time, ... how then can they be useful?
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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, u;ihold ethics_culminate into progressive research.
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An eagle and a vulture may seem similar, but.are different.;The same holds true between
an ethical and unethical person. ‘
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If science is a tree, ethics is.the water:that helps it. grow beautifully.
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If gratitude symbolizes good people, then ethics symbolizes good scientists.
v a v o v Q/dl ~ v 1 1 Q/A dl ~ 6 1 A
mLﬂJmum’mgLﬂummamuvlummal,ml,l,m Ela&l“lﬂ@vl,&lvl,@%dﬁﬂ“nlam\‘nﬁdLLNzﬁNHSMﬂ’N‘N
HWNABITLDITNIILLE
If knowledge is the trunk of a tree, then ethics is the root of its very strength.
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A successful scientist who achieves fame through unjustifiable means is like an
unsuccessful person in life.
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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.
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If a scientist is likened to an inflated ball, an unethical scientist is a deflated ball that has no
use.
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A true scientist not only understands the theory of ethics, but practices it.
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Scientists that uphold ethicsiare like physicians with:tools to cure patients. Unethical
scientists are like ill-equipped_physicians with knowledge, but no curing skills.
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“Words of Blessings” Now: that | am in this world; pray not/et me be poor. If | am poor,
pray not let me be unethical, If ham unethical, pray not let\me be ungrateful. If | am
ungrateful, pray not that I'am not born«into this world:
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If a mold shapes materials, then morality shapes the mind.
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Do not let science be unethical, think wisely and do no wrong, then happiness follows.
Scientists without ethics are not true scientists. (Wni3uwidawu LT wABI2INE 1)
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Morality is like an anchor that steers a country ahead.
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We must believe in what we can prove, but the proven must not be unethical.
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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.

299981 gjlu%é’nmaammﬁam



226

Do goodness - based research.
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All disciplines originate from the purity of goodness.
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TABLE 15 ITEM-OBJECTIVE CONGRUENCE OF SURVEY OF SCIENCE TEACHERS

AND STUDENTS’ OPINIONS ON LEARNING ETHICS IN SCIENCE

228

TEACHERS STUDENTS
Items I0C Items I0C
Part A 1.00 Part A 1.00
Part B Part B
1 1.00 1 1.00
2 1.00 2 1.00
Part C 3 1.00
1 4 1.00
2
3 0.67
4 1.00
5
6 1.00
7 1.00
Part D 1.00
1 1.00

N o o M~ 0N




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

229

Items I0C Items I0C Items I0C
1 1.00 16 1.00 31 0.67
2 1.00 17 0.67 32 1.00
3 0.67 18 1.00 33 1.00
4 1.00 19 1.00 34 1.00
5 1.00 20 1.00 35 0.67
6 1.00 21 0.67 36 1.00
7 1.00 22 ~1.00 37 0.67
8 0.67 38 1.00
9 0.67 067 39 1.00
10 1.00 :15:? 40 0.67
11 1.00 : 1.00
12 1.00 1.00
13 1. 1.00
14 0.6

N
[¢)]
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TABLE 17 ITEM-OBJECTIVE CONGRUENCE OF WEBSITE (CONTENT &
PERFORMANCE)

CONTENT PERFORMANCE

Items I0C Items I0C
1 0.67 1 0.67
2 0.67 2 0.67
3 1.00 3 1.00
4 1.00 4 1.00
5 0.67 5 0.67
6 1.00 6 1.00
7 0.67
0.67
0.67
1.00
TABLE 18 ITEM-OBJEC V QUESTIONS
Items [e]e;
1 1.00 6 1.00
2 1.00 7 1.00
3 1.00 8 1.00
4 1.00 9 1.00

5 1.00
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TABLE 19 ITEM-OBJECTIVE CONGRUENCE OF PRE- POST TEST OF
UNDERSTANDING OF ETHICS IN SCIENCE

Items I0C
1 0.67
2 0.67
3 1.00
4 1.00
5 1.00

TABLE 20 ITEM-OBJECTN JENCE OF IS ON LEARNING
. = _
ETHICS IN SCIENGE 5

ltems I0C
1 0.67
2 1.00
3 1.00
4 1.00
5 _ 1.00
6 1.00 ’ 16 1.00
7 1.00 17 1.00
8 1.00
9 1.00
10 0.67




TABLE 21 ITEM-OBJECTIVE CONGRUENCE OF THINKING SKILLS EVALUATION

232

FORM
Items I0C Items I0C
1 1.00 20 1.00
2 1.00 21 1.00
3 1.00 22 1.00
4 1.00 23 1.00
5 1.00 24 1.00
6 1.00
7 1.00
8 1.00
9 0.67
10 1.00
11 1.00
12 1.00
13 1.00
14 1.00
15 0.67
16 1.00
17 1.00
18 1.00
19 1.00
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TABLE 22 THE COMPARATION OF THE DIFFERENCE BETWEEN PRETEST AND
POSTTEST OF ETHICS IN SCIENCE

234

Ethics in Science Achievement (15 scores)

Number Pretest Posttest Difference
(n=24) (n=24)
1 8.0 15.0 +
2 6.5 14.0 +
3 7.5 12.5 +
4 8.0 14.0 +
5 7.5 13.0 +
6 +
7 +
8 +
9 +
10 +
11 +
12 +
13 +
14 +
15 +
16 +
17 +
18 4.0 14.5 +
19 5.0 12.0 +
20 5.5 12.5 +
21 2.0 13.5 +
22 4.0 14.0 +
23 7.0 11.0 +
24 9.5 15.0 +

+ means the difference of achievement posttest is higher than pretest
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N
TABLE 23 THE FREQUENCY OF THE STUDENTS’ OPINION ON LEARNING ETHICS IN SCIENCE (BEFORE STUDYING)

No. Statement Strongly Agree Neutral | Disagree | Strongly | Mean S.D
agree disagree

1 | always like studying science in new 8 16 - - - 4.33 0.48
perspectives.

2 | 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 4 10 : 9 1 - 3.71 0.81
be a good scientist. : ;

4 | understand ethics in science well. 2 11 9 2 - 3.54 0.78

5 | think that study ethics in science would bei 9 11 3, 1 - 417 0.82
the basis of becoming a good scientist., -

6 I would like to be a good, ethical, and role 6 14 3 1 - 4.04 0.75
model scientist to other ones.

7 Study of behaviors and characteristics of 1 A7 5 1 - 3.75 0.61
ethical scientist is interesting.

8 | think that all science students should study 8 = 13 3 - - 4.21 0.66
about ethics in science as a basis for
studying other science subjects.

9 | think ethics in science is difficult and boring 1 2 9 9 3 2.54 0.98
to study.

10 Studying ethics in science helps me open up 6 9 9 - - 3.88 0.80

my point of view on another side of science

that | have never known before.
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TABLE 23 (continued)

No. Statement Strongly Agree Neutral | Disagree | Strongly | Mean S.D
agree disagree

11 Studying ethics in science is useful for me to 7 13 4 - - 413 0.68
live my daily life, further education and
professional job.

12 | Studying ethics in science makes me aware 4 ity 6 - - 3.92 0.65
and appreciate in the importance and value ;
of way of life.

13 | Studying ethics in science teaches me that | 7 15 2 3 - 421 | 059
have to make more social responsibility:

14 I’'m interested in pursuing my career'on - 9 12 2 1 3.21 0.78
ethics in science. :

15 Ethics in science is very important for O 14 1 - - 4.33 0.56
science student, also scientists in different
fields of interest.

16 | would like all schools to provide ethics in 6 10 7 - 1 3.83 0.96
science in science curriculum.

17 Ethical scientist will help society be 17 6 1 - - 4.67 0.56

prosperous, livable and make everyone live

together happily.
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TABLE 24 THE FREQUENCY OF THE STUDENTS’ OPINION ON LEARNING ETHICS IN SCIENCE (AFTER STUDYING)

No. Statement Strongly Agree Neutral | Disagree | Strongly | Mean S.D
agree disagree

1 | always like studying science in new 10 13 1 - - 4.38 0.58
perspectives.

2 | think that science and ethics are related. 16 X ™ 2 - - 4,58 0.65

3 I’'m interested in and curious about how | will 12 3 - - 4.38 0.71
be a good scientist.

4 | understand ethics in science well. H 10 3 - - 4.33 0.70

5 | think that study ethics in science would be 13 11 5 - - 4.54 0.51
the basis of becoming a good scientist.

6 | would like to be a good, ethical, and role 12 11 1 - - 4.46 0.59
model scientist to other ones.

7 Study of behaviors and characteristics of 11 12 1 - - 4.42 0.58
ethical scientist is interesting.

8 | think that all science students should study 16 7 1 - - 4.63 0.58
about ethics in science as a basis for
studying other science subjects.

9 | think ethics in science is difficult and boring 1 2 2 11 8 2.04 1.08
to study.

10 Studying ethics in science helps me open up 10 10 4 - - 4.25 0.74

my point of view on another side of science

that | have never known before.
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TABLE 24 (continued)

No. Statement Strongly Agree Neutral | Disagree | Strongly | Mean S.D
agree disagree

11 Studying ethics in science is useful for me to 10 13 1 - - 4.38 0.58
live my daily life, further education and
professional job.

12 Studying ethics in science makes me aware 12 e, 1 - - 4.46 0.59
and appreciate in the importance and value
of way of life.

13 Studying ethics in science teaches me that | ; 10 13 1 - - 4.38 0.58
have to make more social responsibility.

14 I’'m interested in pursuing my career on_ ] 9 9 1 - 3.75 0.85
ethics in science.

15 Ethics in science is very important for 15 8 1 - - 4.58 0.58
science student, also scientists in different
fields of interest.

16 I would like all schools to provide ethics in - 9 5 - - 4.21 0.78
science in science curriculum.

17 Ethical scientist will help society be 16 7 1 - - 4.63 0.58

prosperous, livable and make everyone live

together happily.
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TABLE 25 THE FREQUENCY OF THE STUDENTS’ PRACTICAL THINKING SKILL ON LEARNING ETHICS IN SCIENCE (BEFORE

STUDYING)
No. Statement Strongly | Agree | Neutral | Disagree Strongly Mean S.D
agree disagree
Honesty 6 15 3 - - 413 0.61

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

2 | don’t fabricate or falsify data from experiment in 1 : 18 4 1 - 3.79 0.59
order to get the expected result.

3 | 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
Carefulness 4 12 8 - - 3.83 0.70

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

5 | avoid self-deception and bias in experiments. 5 13 5 1 - 3.92 0.78
Mean rating for the principle of carefulness 3.88
Openness 7 16 - 1 - 4.21 0.66

6 | usually would like to share data, results, methods
or ideas with peers.

7 | would like my peers to be able to review my 5 15 4 - - 4.04 0.62

experimental results or science project.
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TABLE 25 (continued)

No. Statement Strongly | Agree | Neutral | Disagree Strongly Mean S.D
agree disagree
8 | am open to criticism and new ideas on my 8 14 2 - - 4.25 0.61
experimental results or science project.
9 | don’t want anybody know important data of my - 5 9 10 - 3.21 0.78
results or science project that | am doing, and not
completely finish yet
10 | don’t want to perceive new ideas, methods, or 1 2 4 13 4 3.71 1.00
peers.
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
Freedom 6 13 5 - - 4.04 0.69
12 | like to be free to conduct research on any problem
or hypothesis.
13 | like to be free in doing inquiry in science for my L 12 4 1 - 4.04 0.81
experiment or science project.
14 If I had a freedom in doing an experiment that may - 4 2 9 9 3.96 1.08
harm the others, | would do it.
Mean rating for the principle of freedom 4.01
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TABLE 25 (continued)

No. Statement Strongly | Agree | Neutral | Disagree Strongly Mean S.D
agree disagree
Credit - 14 6 4 - 2.58 0.78
15 | put my friend’s names who are not involved in the
experiments or group work in the report or
assignment.
16 | agree on the punishment for students who copy: 3. 11 7 1 2 3.50 1.06
other students’ assignment or plagiarize
Mean rating for the principle of credit 3.04
Education 3 15 5 1 - 3.83 0.70
17 | always teach or explain my friend on the topics.or
experiments they don’t understand.
18 | want to make sure that my friends always do the 2 12, 8 2 - 3.58 0.78
good and proper experiment.
19 If | had a change to educate or give a seminar or 4 15 3 2 - 3.88 0.80
workshop in science to community or public, | am
willing to do it.
Mean rating for the principle of education 3.76
Social responsibility 10 13 1 - - 4.38 0.58
| will definitely not do any science experiment that
20 harm school or society.
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TABLE 25 (continued)

No. Statement Strongly | Agree | Neutral | Disagree Strongly Mean S.D
agree disagree
21 | will try to bring scientific knowledge to make best 9 13 2 - - 4.29 0.62
benefit to society.
22 | will take my responsibility on my science 6 15 2 1 - 4.08 0.72
experiment or project | have conducted.
23 I will inform public or society knows about the 4. 14 : 5 1 - 3.88 0.74
scientific results or findings.
Mean rating for the principle of social 4.16
responsibility
Legality 9 12 2 - 1 417 0.92
24 | 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 = 2 5 8 9 4.00 0.98
regardless of legality.
26 | do not use hazardous and prohibited chemicals, 14 8 1 1 - 4.46 0.78
human and animals in experiment if | am not legally
allowed.
Mean rating for the principle of legality 4.21
Opportunity 5 11 7 1 - 3.83 0.82
27 I’'m not satisfied if It is unfair for me in using

resources in doing science experiment or project.




243

TABLE 25 (continued)

No. Statement Strongly | Agree | Neutral | Disagree Strongly Mean S.D
agree disagree
28 | think female scientists should get the equal 17 6 1 - - 4.67 0.56
opportunity as well as male scientists in doing
scientific work.
Mean rating for the principle of opportunity 4.25
Mutual respect # 15, 1 1 - 417 0.70
29 | don’t want my peers to harm me both physically
and mentally.
30 | 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 6 17 1 - - 4.21 0.51
can cause danger, if not allowed.
Mean rating for the principle of mutual respect 4.15
Efficiency 5 13 6 - - 3.96 0.69
32 | always use materials and chemicals in experiments
efficiently. (worth, value, and most effective).
33 | will minimize animals in lab and most efficient or | 10 9 4 1 - 4.17 0.87
will use other subjects instead of animals if possible.
34 | 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 | Neutral | Disagree Strongly Mean S.D
agree disagree
Respect for subjects 10 12 2 - - 4.33 0.64
35 | will treat animal subjects with care and respect.
36 | will take good care of animal subjects regarding of 8 15 1 - - 4.29 0.55
their welfare such as enough space place to live,
sterile, enough food and water, and no torturing:
37 | don’t think animal subjects should be take care = 1 4 8 11 4.21 0.88
much because they eventually will be killed.
38 Subjects have their own rights to stop or withdraw 13 10 1 - - 4.50 0.59
from experiment anytime if they feel that they will be
harm or killed.
Mean rating for the principle of respect for 4.33

subjects
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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 | Neutral | Disagree | Strongly Mean S.D
agree disagree
Honesty 7 16 1 - - 4.25 0.53
1 | draw a conclusion and report my result as its real data

as obtained from an experiment.

2 | don’t fabricate or falsify data from experiment in order | &AL 9 7 - - 4.04 0.81

to get the expected result.

3 | ask or copy my friends’ exams. = = 2 9 13 4.46 0.66
Mean rating for the principle of honesty g - . 4.25
Carefulness 9 10 3 2 - 4.08 0.93

4 | conduct an experiment and present results by !

minimizing experimental and human error.

5 | avoid self-deception and bias in experiments. g 13 2 1 - 417 0.76
Mean rating for the principle of carefulness =N : 413
Openness 16 8 - - - 467 | 048

6 | usually would like to share data, results, methods or

ideas with peers.

7 | would like my peers to be able to review my 14 9 1 - - 4.54 0.59

experimental results or science project.
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TABLE 26 (continued)

No. Statement Strongly | Agree | Neutral | Disagree | Strongly Mean S.D
agree disagree

8 | am open to criticism and new ideas on my 14 9 1 - - 4.54 0.59
experimental results or science project.

9 | don’t want anybody know important data of my results 1 6 1 12 4 3.50 1.18
or science project that | am doing, and not completely.
finish yet

10 | 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. 4 11 12 1 - - 4.42 0.58
Mean rating for the principle of openness 4.37
Freedom 10 41 3 - - 4.29 0.69

12 | like to be free to conduct research on any problem or
hypothesis.

13 | like to be free in doing inquiry in science for my 17 7 - - - 4.71 0.46
experiment or science project. :

14 If I had a freedom in doing an experiment that may - - - 7 17 4.71 0.46
harm the others, | would do it.
Mean rating for the principle of freedom 4.57
Credit 9 4 8 2 1 2.25 1.19

15 | put my friend’s names who are not involved in the

experiments or group work in the report or assignment.
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TABLE 26 (continued)

No. Statement Strongly | Agree | Neutral | Disagree | Strongly Mean S.D
agree disagree

16 | agree on the punishment for students who copy other 6 10 6 1 1 3.79 1.02
students’ assignment or plagiarize
Mean rating for the principle of credit 3.02
Education 12 10 2 - - 4.42 0.65

17 | always teach or explain my friend on the topicstor :
experiments they don’t understand.

18 | want to make sure that my friends always do the good 13 10 1 - - 4.50 0.59
and proper experiment.

19 If you had a change to educate or give @ seminar, or. 10 1 3 - - 4.29 0.69
workshop in science to community or public, I'mzwilling
to do it.
Mean rating for the principle of education 4.40
Social responsibility 717 7 - - - 4.71 0.46
I will definitely not do any science experiment that harm

20 school or society.

21 | will try to bring scientific knowledge to make best 13 11 - - - 4.54 0.51
benefit to society.

22 | will take my responsibility on my science experiment 14 9 1 - - 4.54 0.59

or project | have conducted.
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TABLE 26 (continued)

No. Statement Strongly | Agree | Neutral | Disagree | Strongly Mean S.D
agree disagree
23 I will inform public or society knows about the scientific 4 19 1 - - 413 0.45
results or findings.
Mean rating for the principle of social responsibility 4.48
Legality 13 9 2 - - 4.46 0.66
24 | 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 - - 1 12 11 4.42 0.58
regardless of legality.
26 | do not use hazardous and prohibited chemicals; 18 6 - - - 4.75 0.44
human and animals in experiment if | am'not legally
allowed.
Mean rating for the principle of legality 4.54
Opportunity : 12 4 7 1 - 413 0.99
27 I’'m not satisfied if It is unfair for me in using resources
in doing science experiment or project.
28 | think female scientists should get the equal 22 2 - - - 4.92 0.28
opportunity as well as male scientists in doing scientific
work.
Mean rating for the principle of opportunity 4.53
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N
TABLE 26 (continued)

No. Statement Strongly | Agree | Neutral | Disagree | Strongly Mean S.D
agree disagree
Mutual respect 18 6 - - - 4.75 0.44
29 | don’t want my peers to harm me both physically and
mentally.
30 | respect the privacy of all group members. 14 10 - - - 4.58 0.50
31 | won'’t get involved in my peers’ experiment which can 11 11 2 - - 4.38 0.65
cause danger, if not allowed.
Mean rating for the principle of mutual respect| 4.57
Efficiency 3 15 6 - - 3.88 0.61
32 | always use materials and chemicals in experiments
efficiently. (worth, value, and most effective).
33 I will minimize animals in lab and most efficient:or Lwill 15 7 2 - - 4.54 0.66
use other subjects instead of animals if possible.
34 | will use resources that can be reused. : 6 17 1 - - 4.21 0.51
Mean rating for the principle of efficiency 4.21
Respect for subjects 14 10 - - - 4.58 0.50
| will treat animal subjects with care and respect.
35
36 | will take good care of animal subjects regarding of 15 9 - - - 4.63 0.49

their welfare such as enough space place to live,

sterile, enough food and water, and no torturing.
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TABLE 26 (continued)

No. Statement Strongly | Agree | Neutral | Disagree | Strongly Mean S.D
agree disagree

37 | don’t think animal subjects should be take care much - 1 - 5 18 4.67 0.70
because they eventually will be killed.

38 Subjects have their own rights to stop or withdra - - 4.75 0.44
experiment anytime if they feel that they will
killed.
Mean rating for the principle of respect fi 4.66
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