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ABSTRACT

DESIGN AND IMPLEMENTATION OF A NANOSCIENCE &
NANOTECHNOLOGY WORKSHOP: INVESTIGATING 11™
GRADE STUDENTS’ AWARENESS AND CONCEPTUAL
UNDERSTANDING OF NANOSCIENCE & NANOTECHNOLOGY

The purpose of this study was to develop a nanoscience and nanotechnology
workshop (NNW) and determine its effectiveness by examining the change in students’
awareness and conceptual understanding of nanoscience and nanotechnology related
concepts. In this study, a mixed-method design was used. The quantitative part of the
study included a pre-experimental design (pre-test and post-test design with no control
group) and the qualitative part involved interviews, observations and artifacts. The
participants for the research were 79 eleventh grade students from two private schools and
a public school. Two different classrooms from the public school attended the NNW. Data
regarding students’ awareness of nanoscience and nanotechnology were collected through
the Nanoscience & Nanotechnology Awareness Questionnaire (NNAQ). Seven items of
NNAQ were adapted from Nanotechnology Awareness Instrument developed by Dyehouse
et al. (2008). The other items of the NNAQ were added by the researcher. Nanoscience &
Nanotechnology Conceptual Understanding Questionnaire (NNCUQ), Workshop
Evaluation Questionnaire (NNWEQ) and semi-structured interviews were adapted from
the instruments developed by Akaygun (2010a, b). In the study, the NNCUQ was used to
measure 11" grade students’ conceptual understanding of nanoscience and nanotechnology
related concepts. The NNWEQ was used to assess student feedback and recommendations
with regard to the workshop. In order to explore students’ previous knowledge,
understanding and expectations from the workshop, semi-structured interviews were
conducted. Each one-to-one interview was audio recorded. Quantitative data were
analyzed using the one-way ANOVA, paired samples t-test, independent samples t-test and
chi-square tests. The interviews were transcribed and the student answers were coded. The
results of the analysis indicated that attending the workshop increased the students’

awareness and conceptual understanding of nanoscience and nanotechnology.
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OZET

NANOBILIM & NANOTEKNOLOJI ATOLYE CALISMASI
TASARIMI ve UYGULANMASI: 11. SINIF OGRENCILERININ
NANOBILIM & NANOTEKNOLOJI FARKINDALIGININ VE
KAVRAMSAL ANLAMALARININ iNCELENMESI

Bu ¢alismanin amaci, bir nanobilim ve nanoteknoloji atdlyesi (NNW) gelistirmek ve
Ogrencilerin nanobilim ve nanoteknoloji hakkindaki farkindalik degisimini ve ayrica
nanobilim ve nanoteknoloji ile ilgili kavramlar iizerindeki kavramsal degisimlerinin
incelenebilecegi bir etkinlik uygulamaktir. Aragtirmanin deseni nicel ve nitel yontemlerin
beraber kullanildigi karma arastirma yontemidir. Nicel ve nitel analizlerde; yar1 deneysel
arastirma grup modeli (kontrol grubu icermeyen, 6n test-son test yontemi) kullanilmastir.
Yetmis dokuz katilimcr; iki farkli 6zel okul ve bir devlet okulunun iki farkli sinifindan
gelen 11. smif 6grencileridir. Ogrencilerden, nanobilim ve nanoteknoloji farkindalig: ile
ilgili veriler, Nanobilim ve Nanoteknoloji Farkindalik Anketi (NNAQ) ile toplanmistir.
NNAQ ogelerinden bazilar1 Dyehouse ve digerleri (2008) tarafindan gelistirilen
Nanoteknoloji Farkindalik Anketi’nden alinmistir. Anketteki bazi maddeler, aragtirmaci
tarafindan yeni maddeler ile degistirilmistir. Nanobilim ve Nanoteknoloji Kavramsal
Anlama Anketi (NNCUQ), Atdlye Calismast Degerlendirme Anketi (NNWEQ) ve
yapilandirilmis gériisme sorular1 Akaygiin’lin (2010a, b) arastirma c¢alismasinda kullanilan
Olceklerden adapte edilmistir. NNCUQ, 11. sinif 6grencilerinin nanobilim ve nanoteknoloji
kavramlarint anlamalarmi 6lgmek icin; NNWEQ ise Ogrencilerin atolye ¢aligmasi
hakkindaki istek ve &nerilerini 6grenmek icin uygulanmistir. Ogrencilerin sahip olduklar
bilgi, anlama ve atdlye ¢aligmasi beklentilerini incelemek amaciyla, yari-yapilandirilmis
goriismeler yapilmistir. Her bir goriismede ses kaydi alinmistir. Goriismeler desifre
edilerek kodlanmis ve analiz edilmistir. Nicel veriler, tek yonli ANOVA, eslestirilmis t-
testi, bagimsiz gruplar i¢in t-testi ve ki-kare ¢ikarimsal istatistiki yontemleri kullanilarak
analiz edilmistir. Analiz sonuglari, atdlye calismasina katilan 6grencilerin farkindalik ve

nanobilim ve nanoteknoloji kavramsal anlamalarinda artis oldugunu gdstermistir.



vii

TABLE OF CONTENTS

ACKNOWLEDGEMENTS ...ttt il
ABSTRACT ..ttt ettt ettt et ettt ettt e bt et e eatenaeeaneenean \
OZET oottt v
LIST OF FIGURES ...ttt sttt e enees X
LIST OF TABLES ... oottt ettt Xiii
LIST OF SYMBOLS ...ttt sttt sttt et et sae e XVi
LIST OF ACRONYMS / ABBREVIATIONS .....cocioiiiieeeeeeeeee e Xvii
1. INTRODUCTION ..ottt ettt ettt steesaessaesseessessaenseensessaenseennens 1
2. LITERATURE REVIEW L..ccoiiiiiiiiiiiiiieeeenetee ettt 7
2.1. What are Nanoscience and Nanotechnology? ...........ccccccevviiriiiiniincieeneenneenn, 7
2.2. Nanoscience and Nanotechnology Education ...........cccccecovveiciiieiiieencieieieen, 7
2.3. Nanoscience and Nanotechnology Education in Secondary Schools .............. 8
2.4. Students’ Understanding of NanOSCIENCE ........cceeeveeruieriieriieniieiieeieeiee e 10
2.4.1. Size and SCale .......cooiiiiiiiiiie e 14
2.4.2. Structure 0f Matter.......cooiiiiiiiieiieieeeeee e 16
2.4.3. Dominant FOTCES .......c.cevuiiiiiiiiieiiieiie ettt 18
2.4.4. Tools and InStrumentation ...........ccceevuereererieenieneenienie e 19
2.4.5. Nanoscience and SOCIELY ........ccceeeeriirerieeriieeiiienieeieereeereesreeseessneenne 20
2.5. Students’ Awareness of Science and Technology ..........cccceeevveeiiieeiieeecieens 21

2.5.1. Students’ Awareness and Understanding towards Nanoscience and
NaNOtEChNOLOZY ...vvveeiieiiiiieeiiee e 22

2.5.2. Students’ Risk and Benefit Perceptions of Nanotechnology

APPHCALIONS ..eveieiiiieeiiieeiieeeee ettt e e re e e eaee e eeennees 23
3. METHODOLOGY ...oooiiiiiieieieeie ettt ettt estessae e enaesseeseenaessaensesnnenns 25
3.1. Significance of the Study ........cccccoviiiiiiiiii e 27
3.2. Statement of the Problem ...........ccccoooiiiiiiiiiiiiieeeeeee e 27
3.2.1. Research Questions and Hypothesis ..........cccccceevviieerciieenieeerieeeieeeee, 28
3.3. Variables & Operational Definitions of Variables .........ccccoocevieniniiniinennen. 30
3.3.1. Dependent Variables ..........cccceeriieiiienieeiieiieeiieee et 30

3.3.2. Independent Variable ...........cccoevieiiieiiieniieiieeie e 31



3.4.

3.5.

3.6.
3.7.

3.8.

3.7.1. Nanoscience and Nanotechnology Awareness Questionnaire

3.7.2. Nanoscience & Nanotechnology Conceptual Understanding
Questionnaire (NNCUQ) .....ooveiiiiiiiieeiiie et evee e e e e
3.7.3. Nanoscience and Nanotechnology Workshop Evaluation
Questionnaire (NNWEQ) ......oooiiiiiiiiiiiicceeeeee e
3.7.4. Pre Interview Questions of Nanoscience and Nanotechnology
WOTKSROPD oot
3.7.5. Post Interview Questions of Nanoscience and Nanotechnology
WOTKSROD i
PrOCEAUIE ..ot
3.8.1. Mentor Training MEEtiNgS ........ccccvveervuieerireerieeeieeeieeeereeeereeeseree e
3.8.2. Pilot Implementation with Prospective Teachers ..........ccccceecvveennennn.
3.8.3. First Implementation: Prl .......ccccoooiiiiiiiiiiiiiieeeee e,
3.8.4. Second Implementation: Pr2 ..........cccccceviiieiiiiiiienieeiiecieeeecee e
3.8.5. Third Implementation: Pul ...........cccoeviieiieiiiieiecieeeeeeeee e
3.8.6. Fourth Implementation: Pu2 ..........cccccoeiiiiiiiiiieiee e,

4. DATA ANALYSIS AND RESULTS ..o

4.1.

4.2.

Statistical Analysis of Research Question 1 ..........cccoecieviiiiiienieniiienieeieeee
4.1.1. Comparison of All Participants ............ccceeeeeerreerieeiienieeieeeee e
4.1.2. Comparison with Respect to School Types (Private versus Public
SCROOIS) e
4.1.3. Comparison of Participants with Respect to Their Groups .................
Statistical Analysis of Research QUestion 2 .........cccceeeeviieniieniienieeieeiie e,
4.2.1. Comparison of All Participants ..........ccccceervueeerieeeriieeeniee e evee e
4.2.2. Comparison with Respect to School types (Private versus Public

4.2.3. Comparison of Participants Based on Their Groups ..........ccccceevveneene



X

4.3. Statistical Analysis of Research Question 3 .........ccccoeeviieiiieeiiiee e 87
4.3.1. Analysis of an Open-Ended Question (2™ Question) in NNCUQ ....... 88
4.3.2. Analysis of Group Discussion of Benefits and Risks of Nanoscience
and NanoteChnolOZY ........ccccvvviiiiiiiiieiiie e 93
4.3.3. Analysis of Designing a Nano Product Poster Activity .........ccceeeneee.. 110
4.3.4. Evaluation of the Workshop .......ccccooiniiiniiniinic 117
4.3.5. Analysis Of INEIVIEWS .....cccuiiriieiiiiiiieiieeieeieeeee et 124
5. DISCUSSION AND CONCLUSION ....cootiiiiienieierienieeie ettt 150
5.1. Limitations of the StUAY .....cceeeviiiiiiiieieceeeeee e e 150
5.2. Recommendations for Further Research and Implications ...........cccccecueennenne. 166
APPENDIX A: NANOSCIENCE AND NANOTECHNOLOGY AWARENESS
QUESTIONNAIRE (NNAQ) oveeiiiieieeieeieeieeee e 170
APPENDIX B: NANOSCIENCE AND NANOTECHNOLOGY CONCEPTUAL
UNDERSTANDING QUESTIONAIRE (NNCUQ) ...ccoveveiieirenenee. 172
APPENDIX C: NANOSCIENCE AND NANOTECHNOLOGY WORKSHOP
EVALUATION QUESTIONNAIRE (NNWEQ) ....cooivieiiiiinieienen. 174
APPENDIX D: THE INTRODUCTORY POWERPOINT PRESENTATION ............ 175
APPENDIX E: SCALE ACTIVITY oottt 190
APPENDIX F: INDIVIDUAL & GROUP ACTIVITY SHEETS .....cccccovieieeenne. 191
APPENDIX G: PRESENTATION: “TOOLS IN NANOTECHNOLOGY™ ................ 202

APPENDIX H: PRESENTATION: “LOTUS EFFECT & ITS APPLICATIONS” .... 207
APPENDIX I: PRESENTATION: “RISK & BENEFITS OF

NANOTECHNOLOGY™ ..ottt 216
APPENDIX J: INTERVIEW QUESTIONAIRES .......ccccooiiiiiiiniiiiiceice, 218
APPENDIX K: BROCHURE .....ccccooiiiiiiiiiiiiiiiiiiceceeeeeeee e 221

REFERENCES ... ettt 223



Figure 4.1.

Figure 4.2.

Figure 4.3.

Figure 4.4.

Figure 4.5.

Figure 4.6.

Figure 4.7.

Figure 4.8.

Figure 4.9.

Figure 4.10.

Figure 4.11.

LIST OF FIGURES

Frequency results of initial categories in the second question of

NNCUQPIE. weieitiieeiieeeieeeetee et et e ertee ettt e esareestreesbeeesseeesnseeennseesnnseas &9

Frequency results of initial categories in the second question of

NNCUQPOSE. ittt ettt eneees 90

Frequency results of merged categories in the second question of

NNCUQPIE. weieiiiieeiieeeiteeete et e erree et e et eestreestaeesbeeesseeesaseeennseesnnseas 91

Frequency results of merged categories in the second question of

NNCUQPOSE. ittt ettt e s 91

Frequency results of initial categories in the group discussion of Pr2 on

benefits and risks of nanotechnology. .........ccccccvevviiiiiienieeciienieeieeee e, 96

Frequency results of initial categories in group discussion of Pu2 on

benefits and risks of nanotechnology. .........ccoceeviiniiiiniiniiiiieceeeen 97

Frequency results of merged categories in the group discussion of Pr2

on benefits and risks of nanotechnology. ..........cccoevveviiiniiieiieniieiiei, 97

Frequency results of merged categories in the group discussion of Pu2

on benefits and risks of nanotechnology. .........cccccoviiiiiiiiiiiiniiiies 98

Frequency results of initial categories in the group discussion of Pr2 on

benefits of nanotechnology. .......c.ccccveeiieiiiiiiieiiece e 99

Frequency results of initial categories in the group discussion of Pu2 on

benefits of nanotechnology. ........cccccoeoiiiiiiiiiniieeen 99

Frequency results of merged categories in the group discussion of Pr2

ON DENETIES. oo 100



xi

Figure 4.12. Frequency results of merged categories in the group discussion of Pu2

ON DENETILS. .oouiiiiiiiiie ettt et et 100
Figure 4.13. Frequency results of initial categories in the group discussion of Pr2 on

TISKS. ettt ettt ettt et st e bt 104
Figure 4.14. Frequency results of initial categories in the group discussion of Pu2 on

18 1] F OSSOSO PSPPSR 104
Figure 4.15. Frequency results of merged categories in the group discussion of Pu2

OM TISKS. ettt sttt nbe et 105
Figure 4.16. Example of a group discussion poster from Pr2 about risks of

NANOtEChNOLOZY. ...ooiiiiiiiiii e 107
Figure 4.17. Frequency results of initial categories in the poster design activity of

P et sttt 111
Figure 4.18. Frequency results of initial categories in the poster design activity of

Pr ettt naeeneenrens 111
Figure 4.19. Frequency results of initial categories in the poster design activity of

PUL. et eaean 112
Figure 4.20. Frequency results of initial categories in the poster design activity of

PU . ettt enean 112
Figure 4.21. Frequency results of merged categories in the poster design activity of

P et sttt 113
Figure 4.22. Frequency results of merged categories in the poster design activity of

Pr e ettt 113
Figure 4.23. Frequency results of merged categories in the poster design activity of

PULL ettt 113
Figure 4.24. Frequency results of merged categories in the poster design activity of

PU . ettt enean 114



xii
Figure 4.25. Nanotechnology product design ideas of Prl. ......c..ccccoeveiiiiiiieiniienne. 116

Figure 4.26. Nanotechnology product design ideas of Pul. ..........ccoccoiiiiiiiiiiniinnenn, 116

Figure 4.27. Nanotechnology product design ideas of Pu2. ..........cccccoviiviiiiniiniiennnnn, 117



Table 3.1.

Table 3.2.

Table 3.3.

Table 3.4.

Table 3.5.

Table 3.6.

Table 4.1.

Table 4.2.

Table 4.3.

Table 4.4.

Table 4.5.

Table 4.6.

Table 4.7.

Table 4.8.

Table 4.9.

Table 4.10.

LIST OF TABLES

The subsections of nanoscience and nanotechnology workshop(NNW).

Sample of the STUAY. ...ooovvieiiiiiiieiieeieeeeee e
Frequency table for the sample. ........cccvveveiieiiiieieee e
The timeline of data collection. ...........ccocceeiiiiiiiiiiiiiee e
The timeline of the mentor training MEetings. ..........cccceeeveevveerveerieennnenne.
The timeline of nanoscience and nanotechnology workshop (NNW).......
Descriptive statistics about NNAQ-pre scores for each student groups....
One-way ANOVA results on NNAQ-pre scores for student groups. .......

Descriptive statistics about comparing NNAQ-pre and NNAQ-post

nanoscience and nanotechnology awareness scores for all students. ........

Results of paired samples t-test for comparing NNAQ-pre and NNAQ-

post mean scores of all students. ..........cccceeeiiiiiiiiinii e,

Descriptive statistics about comparing NNAQ-pre and NNAQ-post

scores of public and private school students. ...........ccccoeevveriieiiieniennenne.

Results of independent samples t-test comparing NNAQ-pre and

NNAQ-post mean scores of students in the public schools. .....................

Descriptive and sign test statistics for NNAQ scores of participants

FrOm Prl. e
Descriptive statistics for NNAQ scores of participants from Pr2. ............
Descriptive statistics for NNAQ scores of participants from Pul. ...........

Descriptive statistics for NNAQ scores of participants from Pu2. ...........

xiii

36

47

47

56

57

71

71

72

72

73

74

76

76

77

78



Table 4.11.

Table 4.12.

Table 4.13.

Table 4.14.

Table 4.15.

Table 4.16.

Table 4.17.

Table 4.18

Table 4.19.

Table 4.20.

Table 4.21

Table 4.22.

Table 4.23.

Descriptive statistics about NNCUQ-pre scores for each student groups.
One-way ANOVA results on NNCUQ- pre scores for student groups. ...

Descriptive statistics comparing NNCUQ-pre and NNCUQ-post scores
of all the StUAENtS. ......ccoiiriiiiieii e

Results of paired samples t-test for comparing the NNCUQ-pre and
NNCUQ-post mean scores of all students. .........ccccceceevervinienennieneenenn.

Descriptive statistics comparing NNCUQ-pre and NNCUQ-post scores

of public and private school students. ..........c.ccoeeeeviieiiiieniieciienieeiiees

Results of independent samples t-test comparing NNCUQ-pre and
NNCUQ-post mean scores of students in the public schools....................

Descriptive statistics comparing NNCUQ-pre and NNCUQ-post scores

of students from the private SChoOIS. .........ccceevvieviiiiiiiiiieieeeeee,

. Results of paired samples t-test comparing NNCUQ-pre and NNCUQ-

post scores of students from the private schools. ...........cccooveriieniiniennen.

Descriptive statistics comparing NNCUQ-pre and NNCUQ-post scores

of students from the public SChOOIS. .........cccevviiriiiiiieieeeeee e,

Results of paired samples t-test comparing NNCUQ-pre and NNCUQ-

post scores of students from the public schools. ..........c.ccoeevevreiiiinieennen.

. Descriptive statistics for the NNCUQ-pre and NNCUQ-post scores of

participants from Prl. ...

Descriptive statistics for the NNCUQ-pre and NNCUQ-post scores of
participants from Pr2. .......cocoiiiiiiiece e

Descriptive statistics for the NNCUQ -pre and NNCUQ -post scores of

participants from Pul. ...

X1V

79

79

80

80

81

82

83

83

&3

84

&5

85

86



Table 4.24.

Table 4.25.

Table 4.26.

Table 4.27.

Table 4.28.

Table 4.29.

Table 4.30.

Table 4.31.

Table 4.32.

Table 4.33.

Table 4.34.

Table 4.35.

XV

Descriptive statistics for the NNCUQ-pre and NNCUQ-post scores of
participants from Pu2. ..o 87

Frequency table for response types in NNCUQ-pre and NNCUQ-post.... 92

Chi-square analysis for number of responses given for the second

question in NNCUQ-pre and NNCUQ-POSt. ......cccuvrerrireerereriieenieeenireens 92

Examples of benefits and risks of nanotechnology for each initial

category in the discussion presentation. ...........c.ccceeeveeeieerieecieenieniieeneenns 94

Specific benefit examples given for each initial category in the group

discussion of Pr2 and Pu2. ..o 101
Risk examples in each category in group discussion Pr2 and Pu2. .......... 106
Descriptive statistics comparing NNAQ-post test scores of groupl (Prl

and Pul) and group2 (Pr2 and Pu2). .......cccceeviieniieiiiiicieeeeceeee e, 108
Independent samples t-test to compare NNAQ-post mean scores of

groupl (Prl and Pul) and group2 (Pr2 and Pu2). .......ccccccieiiriiiiiinn 108
Descriptive statistics comparing NNCUQ-post (2™ question) test scores

of groupl (Prl and Pul) and group2 (Pr2 and Pu2).........cccceoeeiiniencnnnens 109
Independent samples t-test to compare NNCUQ-post (2™ question)

mean scores of groupl (Prl and Pul) and group2 (Pr2 and Pu2). ............ 109
Nanotechnology product design ideas. ..........oecveerieriiienieniiienieeieeeeeeen 114
Evaluation of the Workshop. .........ccoveiieiiiiiiiieee e 122



nm

Number

Nanometer

LIST OF SYMBOLS

XVvi



xvil

LIST OF ACRONYMS / ABBREVIATIONS

AFM Atomic Force Microscope

CNSI California Nanosystems Institute

EU European Union

MRSEC Materials Research Science and Engineering Center

NASA National Aeronautics and Space Administration

NCLT National Center for Learning and Teaching Nanoscale Science and
Engineering

NISE Nanoscale Informal Science Education

NNAQ The Nanoscience & Nanotechnology Awareness Questionnaire

NNCUQ Nanoscience & Nanotechnology Conceptual Understanding
Questionnaire

NNI National Nanotechnology Initiative

NNW Nanoscience and Nanotechnology Workshop

NNWEQ Nanoscience &  Nanotechnology = Workshop  Evaluation
Questionnaire

NSEC Nanoscale Science and Engineering Center

NSF National Science Foundation

NTSE Nanotechnology for Science Education



Prl

Pr2

Pul

Pu2

SEM

STEM

STM

PAST

PUS

TUBITAK

UNAM

uUsS

Private School 1

Private School 2

Public School 1

Public School 2

Scanning Electron Microscope

Science, Technology, Engineering and Mathematics

Scanning Tunnelling Microscope

Personal Awareness of Science and Technology

Public Understanding in Science

The Scientific and Technological Council of Turkey

Institute of Material Science and Technology

United States of America

xviii



1. INTRODUCTION

The general understanding of science education has changed in the twenty first
century. Osborne (2007) states that the twenty-first century science education requires
scientific content, scientific approach to enquiry, and science is viewed as social practices
of the community, whereas the role of science is to resolve the contemporary dilemmas

that society faces.

The new vision of science education necessitates various skills for students in the twenty
first century. Being scientifically literate is one of the necessary skills for all young people
no matter what their career plans or aptitudes are (Millar and Osborne, 1998). In other
words, scientific literacy is the major goal of science education so as to advance individual
development within the context of science and technology (Bybee, 1997). In Turkey,
within the vision of the new primary school science and technology curriculum, increasing
the quality of science and technology courses at schools is the key for developing

scientifically literate citizens (Talim Terbiye Kurulu Baskanligi, 2005).

As science and technology advance, raising scientifically literate individuals who
have an understanding of nature of science and who are aware of the new discoveries and
developments in science and technology is a challenging process. According to the
Nuffield Foundation’s “Beyond 2000: Science Education for the Future Report” (1998),
compulsory science education curriculum should be designed with regard to the difference
between the needs of a future scientist and the needs of a future citizen. Moreover, twenty-
first century science curriculum focuses not only on having scientifically literate citizens
who study the basic concepts of science but also on creating opportunities for future
scientists so that they have a chance to reach more specialist science degree subjects and
develop their practices. In this respect, science and technology curriculum should integrate

new scientific and technological developments.

Nanoscience and nanotechnology or nanoscale science could be one of the subjects
to be considered in the science education curriculum, as they are new scientific and

technological developments. In the study of Sweeney et al. (2003), it is implied that



nanotechnology is expected to impact all the aspects of human experience, which is why
scientific literacy regarding nanotechnology becomes an issue of considerable importance.
In addition, Schank et al. (2007) state that nanoscale science is a part of modern science
and it requires a population with a high degree of scientific literacy. They have identified
the lack of nanoscience education in middle school and high school programmes in the
United States of America (US) and concluded that nanoscience education could increase
students’ scientific literacy as well as prepare them for their further studies. This
realization has created a national concern in the US towards nanoscience and
nanotechnology education, which aims to increase the number of workforce as well as the
intellectual capacity of citizens. Roco (2003a) estimated that two million people with

knowledge of nanoscience would be needed in different professions by the year of 2015.

Recently, nanoscience and nanotechnology have taken the attention of many
countries including the United States of America and European countries as emerging
areas in science and technology. For instance, European Commission (2005) reported a
nanotechnologies and nanosciences action plan for Europe 2005 to 2009. In this plan, they
aimed to promote growth and jobs in the field of nanotechnology through interdisciplinary
education and training. In Germany, the German Federal Ministry of Education developed
a national strategy in 2006. The purpose of this strategy was to promote education,
research and innovation in nanotechnology. Similarly, according to Vision 2023,
developed within the scope of the National Technology Foresight Program by the
Scientific and Technological Research Council of Turkey (TUBITAK), nanotechnology
has been considered as one of the strategic technology fields. Beyhan and Pamukcu (2011)
state that in June 2010, 337 academic projects related to nanoscience and nanotechnologies

were funded by TUBITAK. 176 of these projects have already been completed.

Different approaches and educational implications have been developed and
supported in many countries with regard to the development of human capacity in
nanoscience and nanotechnology. For example, in the United States, there are many
projects funded to develop curriculum materials, short and long term nanotechnology and
nanoscience related projects, workshops, summer schools as well as informal
nanotechnology activities such as museum exhibits, demonstrations, multimedia in science

centers and museums. All these initiatives have been carried out to set national standards



and benchmarks. A few examples of these projects from the United States are the National
Center for Learning and Teaching in Nanoscale Science and Engineering (NCLT), the
Nanoscale Informal Science Education (NISE) and the National Nanotechnology Initiative
(NNI). Other countries also developed similar projects. For instance, Swiss National
Programme TOPNano21 is similar to NNI in the US. As Germany has been the most
active European country in nanotechnology, the federal government has funded initiatives
such as Nanonet Networks that bring public research institutes and industries together
(Schulte, 2005). All these initiatives had a common mission to develop scientifically

literate individuals as workforce in the future (Schank ez al., 2007).

According to Vision 2023 Report of Turkey, nanotechnology is one of the strategic
technologic fields in which there have been attempts to launch nanoscience and
nanotechnology initiatives in Turkey (Saritas et al., 2007). Beyhan and Pamukcu (2011)
referred to the archives of the Turkish Official Journal and found out that there were six
nanoscience and nanotechnology research centers and institutes established after 2004.
Gebze Institute of Technology, established as an international science and technology
producer in 2004, aims to educate innovative and broad-minded researchers as well as to
support Turkish industry to gain a strong position in the competitive global arena. Institute
of Material Science and Nanotechnology (UNAM), founded by Bilkent University in
Ankara, develops projects based on nanoscience technology to strengthen the
competitiveness of Turkish products in international markets and offers training courses
for technical personnel, researchers and experts through a multidisciplinary graduate
programme. They also take part in the preparation of TV and radio programs, scientific
magazines and newspapers for public education in nanoscience and nanotechnology. In
2008, Nanotechnology and Biomaterials Application and Research Center was established
at Marmara University. In 2009, The Nanotechnology Research and Application Center
was established at Canakkale Onsekiz Mart University and The Nanomedicine and
Advanced Technologies Research and Application Center was founded at Gazi Univesity
in Ankara. In 2010, another Nanotechnology Research and Application Center was
established in Istanbul. It was founded by Sabanci University. This center is the first
interdisciplinary nanotechnology center in Turkey. It aims to develop projects in the fields

of physics, electronics, mechatronics, materials science, chemistry, and biology.



In addition, many universities in Turkey have established their own nanotechnology
laboratories. Gazi University and Hacettepe University in Ankara and the Institute of
Technology in Izmir are a few examples only. There are also universities, such as Middle
East Technical University in Ankara and Bogazici University in Istanbul, which provide
use of their laboratory facilities not only to their members but also to researchers from

other universities and firms working in the nanotechnology field.

The number of master and PhD programs provided by Turkish universities in the
field of nanoscience and nanotechnology has increased in recent years (Saritas et al.,
2007). The universities that provide graduate programs in this field are Bilkent University,
Middle East Technical University, Hacettepe University, Anadolu University and Istanbul
Technical University. Nanotechnology has also been integrated into the curriculum of

Physics and Chemistry graduate programs (Beyhan and Pamukcu, 2011).

As well as graduate students, younger students, ranging from primary to secondary
school, have also been involved in nanoscience and nanotechnology projects. There are
several European Union projects that support students at different levels of education.
NanoYou, in which some primary and secondary schools in Turkey have been involved, is
one of these projects. This project was funded by the European Commission's Seventh
Framework Programme that aimed to increase young people’s basic understanding of
nanotechnologies and to engage in the dialogue about its ethical, legal and social aspects.
NanoYou's target audiences were young people aged between 11-25 years old. At least 400
schools were meant to participate, with programmes reaching more than 25,000 students.
The Web Portal also served as a tool for information dissemination. A range of virtual
activities were available, as well as a communication space with virtual forums where
students could engage in different dialogues. Moreover, a strong network allowed different
institutions and schools to share experiences and resources. To become a member of this
project, schools needed to register online as NanoYou schools. After the registration
process, some schools were selected as pilot schools and science teachers started to teach
nanotechnology in their classrooms with videos, animations, games, virtual dialogues and
virtual experiments based on current research provided on the project’s website. One
private primary school from Afyonkarahisar was representing Turkey as the pilot NanoYou

School. The Science Center in Istanbul which was established in 1998 by Turkey Science



Centers Foundation (TSCF) also participated in various European Union (EU) projects, as
announced on their website. They carried out simultaneous projects with leading Science
Centers & Museums in Europe. One project that TSCF has been involved in is called Time
for Nano. The partners of Time for Nano Project were science centers and museums in
nine European countries, namely Italy, Belgium, Slovenia, Portugal, France, Poland,
Finland, United Kingdom and Germany. This was the very first project with an aim to
introduce nanoscience and nanotechnology to young generation in Turkey. It included
“Nano Days”, interactive experiments with “Nanokit”, contests and training courses for
teachers. Nano Technology for Science Education (NTSE) is another nanoscience project
funded by the European Commission, one of the participants of which is a private
education institution from Turkey. This project is a Transversal KA3 ICT project that aims
to use ICT as a tool to make the learning of science subjects more attractive and accessible.
There were students aged between 13 and 18 from general and vocational schools, science
teachers and college and university students involved in the project. Participant countries
were Turkey, Italy, Bulgaria, Greece and Romania. The project aimed to establish a Virtual

Lab, as an experimental virtual aid to science learning.

There was one example to an individual project called “Tiirk Gengligi Nanoteknoloji
Kuliibii” developed by a researcher, who has been working at UNAM on the subject of
LED. This project has also been supported by the Turkish Board of Education. The aim of
the project was to introduce nanotechnology to students starting with kinder garden

through high school (Ak, 2009).

In addition to these nanoscience and nanotechnology education attempts for students
in Turkey, there is still need for more education opportunities. With regard to what
nanotechnology initiatives have done in the US and the European countries such as
Germany, various projects can be developed in Turkey. These projects can be about
developing curriculum materials, long term nanotechnology and nanoscience related
projects, short and long term programs such as workshops, summer schools, informal
nanotechnology activities such as museum exhibits, demonstrations, multimedia in science

centers and museums.



This study was an attempt to develop a one-day nanoscience and nanotechnology
workshop (NNW) and measure the change in 11™ grade students’ awareness and
conceptual understanding of nanoscience and nanotechnology. For the purposes of this
study, a nanoscience and nanotechnology workshop was held at Bogazici University in
Istanbul. In particular, this study attempted to address how a nanoscience and
nanotechnology workshop could be developed and implemented in and out of school
environment, bringing school teachers, students, prospective teachers, academics and
researchers from the university together to support nanoscience and nanotechnology

education for 11" grade students.



2. LITERATURE REVIEW

The purpose of this literature review is to examine the studies, in relation to the issue
of nanoscience and nanotechnology education, that have been published in the field of

science education.

The body of literature on nanoscience and nanotechnology education has been
discussed and synthesized under different chapters. The first chapter, “What are
Nanoscience and Nanotechnology?” presents a brief overview of how nanoscience and
nanotechnology are defined. The second chapter ‘“Nanoscience and Nanotechnology
Education” deals with nanoscience and nanotechnology education as emerging areas of
science education worldwide. Chapter three, “Nanoscience and Nanotechnology Education
in Secondary Schools” discusses and lists various examples of nanoscience and
nanotechnology education in secondary schools in different countries. The fourth chapter
entitled “Students’ Understanding of Nanoscience” deals with students’ conceptual
understanding of nanoscience and nanotechnology in relation to the subjects of “Size and
Scale”, “Structure of Matter”, “Dominant Forces”, “Tools and Instrumentation” and
“Nanoscience and Society”. The following chapter “Students’ Awareness of Science and
Technology” focuses on nanoscience and nanotechnology. Students’ perception of risks

and benefits of nanotechnology are also discussed in this chapter.

2.1. What are Nanoscience and Nanotechnology?

The Japanese scientist Norio Taniguchi from Tokyo University of Science was the
first to use the term "nanotechnology" in 1974. He defined “nanotechnology” as consisting
of processing, separation, consolidation, and deformation of materials by one atom or one

molecule (Kazlev, 2003).

There are many definitions emphasizing the scale aspect of nano (Whitesides and
Love, 2007). These definitions mainly point out the fact that at the nanometric scale
properties differ significantly from macroscopic scale properties. For example, the

National Nanotechnology Initiative (NNI) from the US states that understanding and



control of matter at the dimensions of 1 to 100 nanometers enable novel applications
(National Nanotechnology Initiative, 2006). These novel applications are mentioned as
encompassing nanoscale science, engineering and technology, imagining, measuring,
modeling and manipulating matter at the length scale of 1 to 100 nanometers (The National
Nanotechnology Initiative-Strategic Plan, 2007). This definition is similar to the
definitions by other authors (Stevens et al, 2009; Lu, 2009; Cacciatore et al., 2011).
Another definition that emphasizes the nano scale aspect of nanotechnology defines
nanotechnology as working at the atomic, molecular levels, in the length scale of
approximately 1 — 100 nm range, in order to understand and create materials, devices and

systems with fundamentally new properties and functions because of their small structure.

Another common point in the definitions is the emphasis on the interdisciplinary
nature of nanoscience and nanotechnologies (Hutchinson, 2007; Porter and Youtie, 2009).
In the article of Bava et al. (2005) nanotechnology is defined as an umbrella term used to
define the products and processes at the nano scale that result from the convergence of the
physical, chemical and the life sciences. Lastly, the other common point in the definitions
is that nanotechnology is discussed with its applications in different fields such as
electronics, medicine, biotechnology, agriculture, and chemical/pharmaceuticals and
materials (Roco, 2004; Wong et al., 2007). Nanotechnology is also considered as a part of
different technologies such as biotechnology, information and cognition (Roco and
Bainbridge, 2002). According to Whitesides and Love (2007) nanoscience and
nanotechnology are described as the combination of a number of areas such as biology,
computer science, chemistry, material science, electrical engineering, and solid-state

physics.

2.2. Nanoscience and Nanotechnology Education

Nanoscience and nanotechnology education are the emerging areas of science
education worldwide. Chank (2006) points out that ‘nano’ as a driving force for education
and nanoscience education can fire the imagination of young people and increase their
interest in science and technology. Blonder and Dinur (2011) state that the subject of
nanotechnology has the potential to be appealing for high school students as a modern

research subject that has many potential applications. According to Schank et al. (2010)



meaningful and relevant experiences in nanoscience topics should be provided to high
school students, so that the number of students interested in nanoscience and
nanotechnology increases, which will eventually lead these students to nanoscience related

carcers.

Designing nanoscale science education was noted as challenging since direct
experience with nanotechnology outside the classroom almost does not exist (Gardner et
al., 2010). In this regard, there are many attempts to deal with this challenge. Scientists,
educators and curriculum developers work on and try to develop learning materials and
create learning environments both in school and outside of the school (Schank et al,

2007).

The pioneer countries in science and technology, such as the United States, pay great
attention to nanoscience and nanotechnology education. As Roco (2003b), the senior
advisor for Nanotechnology at the National Science Foundation (NSF), stated the need for
a new generation of skilled workers in nanotechnology. He argued that nanotechnology
education should become a priority to meet this need. Roco also estimated that by 2015,
there would be a need for about 2 million skilled workers. Similarly, Greenberg (2009)
revealed that the aim of the National Nanotechnology Initiative (NNI) is to “sustain and

develop educational resources”, “give education and training to a new generation, who will

be the skilled workforce in close future”.

To realize those goals, many nanoscience and nanotechnology education research
projects, programs and activities are still being developed by scientists, academics and
researchers from different fields of science and technology. These great ranges of
educational resources are developed to take considerable amount of funding and support
from foundations and initiatives such as the National Science Foundation (NSF) and
National Nanotechnology Initiative (NNI) (Greenberg, 2009). Indeed, the Scientific and
Technological Research Council of Turkey (TUBITAK), gives funding to such projects

related to nanoscience and nanotechnology (Beyhan and Pamukcu, 2011).
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2.3. Nanoscience and Nanotechnology Education in Secondary Schools

Introducing nanoscience and nanotechnology in secondary schools is an opportunity
to reform the US Science, Technology, Engineering and Mathematics (STEM) Education
(Hingant and Albe, 2010). The reform is needed in order to create an opportunity for
students to reach the level of ‘nanoscientific literacy’ so that sufficient workforce be

trained for the future (Greenberg, 2009; Schank ef al., 2007).

Stevens et al. (2009), the authors, of the book ‘The Big Ideas of Nanoscale Science
and Engineering: A Guidebook for Secondary Teachers’ suggested nine big ideas to create
and improve general nanoscientific literacy. The authors of the book, who are a group of
scientists, educators, researchers, and curriculum developers, provided a thorough
discussion of nine “Big Ideas” of nanoscale science and engineering, namely the size and
scale, the properties of matter, the particulate nature of matter, tools, modeling, dominant
forces, technology, society, and self assembly. In addition, the core concepts that match
with standards were set forth to be helpful for teachers to integrate nanoscience concepts
into their lessons. These concepts were also regarded as an opportunity to revise the

content in the STEM curricula (Albe, 2010).

There were various numbers of nanoscience and nanotechnology education projects,
programs and modules that were designed to integrate ‘nano’ into the secondary schools’
curricula. One example was a designed ‘Nanoscience and Nanotechnology Introductory
Module’ for high school students. This module was designed as an introductory module in
which students were guided in a series of inquiry-based and hands-on activities. The
purpose of the projects was to engage students in nanoscience related classroom activities
as well as motivate them and promote their interest in science. The goal was to teach the
significance of the surface-area-to-volume ratio, as objects get very small. Students
investigated how the physical form of a material can influence the degree to which an
object interacts with its environment. They worked on math tools needed to express very
small quantities, powers of 10 and scaling. The shape and size effects on surface areas and
volumes were also explored. It was concluded that this module facilitated the engineering

skills (Maynard et al., 2006).
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NanoSense project (2004-2008) was another project from the US that aimed to
develop, test and revise four curriculum units that could be integrated into high school
science classrooms. The scientists and educators who created this project aimed to prepare,
guide and engage teachers to teach nanoscience through activities along with the units and
materials of the units they developed. The units were named as introduction to
nanoscience, clear (nanoparticulate) Sunscreen, Clean (nanosolar) Energy, Fine (nano)
Filters. Based on the implementation of these units into six different high school classroom
programmes, an evaluation of the curriculum was conducted and its results were reported.
The results of the study revealed that students made significant gains in understanding the
nano-related concepts, but many nano-related concepts were found difficult for students
who often build on basic scientific ideas they are not yet fluent in. It was suggested that
teaching these basic scientific ideas immediately prior to the nanoscience related topic

would be a useful strategy for success (Schank et al., 2010).

The NanoLeap project, which was supported by the National Science Foundation
(NSF), was a project designed by McREL education research laboratory. Their goal was to
give opportunities to students to explore where nanoscale science, technology, engineering,
and mathematics concepts could fit into the high school curriculum. They also worked on
the development of useful teaching materials in the areas of nanoscale science and
technology. The project outcomes showed that the project supported inquiry-based
learning, increase levels of interest and engagement in learning science, increase
understanding of core concepts, nanoscale science, technology, engineering, mathematics,
concepts and applications. The project developed its instructional materials based on the

“Big Ideas” reached by Stevens ef al. (2009).

Summer courses are other learning environments for nanotechnology. For instance,
the department of Chemistry in Columbia University in 2008 offered a course on material
science and nanotechnology for high school students. The course was designed by
instructors, staff of assistants, research scientists and technology experts from Columbia
University National Science Foundation Materials Research Science and Engineering
Center (MRSEC) and Nanoscale Science and Engineering Center (NSEC), as well as from
the industry and national laboratories. In this course, students experienced hands-on

introduction to materials science, engineering and technology. The course program
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included nanoscale properties of large and small molecules, nanoscale materials and

devices.

Nanotechnology education also means workshops for high school students. A two-
day workshop, “the California NanoSystems Institute (CNSI) Nanoscience Lab”, was
designed and planned to take place in summer 2012. National Science Foundation (NSF)
and National Aeronautics & Space Administration (NASA) funded the workshop. It was
an exclusive summer workshop for high school students who were interested in advanced
science and technology. The program was designed by the UCLA graduate and
postdoctoral researchers. The workshop aimed to give opportunities to students so as to
explore the questions similar to those currently investigated by the scientific community.
The program was introduced with hands-on experiments that combine vigorous scientific
methodologies and techniques with projects that are both fun and exciting. The other
activities included lectures, discussions, scientific instrumentation trainings, and science

career mentorship.

Beside the US, there are also some initiatives in Europe that develop projects and
materials to support science teachers to introduce nanotechnology to their students
(Mallman, 2008). For instance, the GermanSaarlab Initiative offered laboratory days for
whole school classes whereas German Truck offers exhibitions about nanotechnology.
NanoBioNet from Germany, which is a non-profit association, was founded to provide
experimental kit to teach students about nanotechnology. They also introduced themselves
as one of the largest German networks in nanotechnology. The University of Cambridge

offers school visits, interactive lectures, seminars and workshops (Mallman, 2008).

There are also some nanotechnology related activities for high school students in
Turkey. Istanbul University offered a ‘Nanotechnology Summer School’ for high school
students in 2011. In this three-week’s program, students attended lectures, which covered a
range of topics from the concept of atom to nanotechnology. Students also conducted some
experiments related to important physics concepts such as atom, electron, and wave like
property of matter, quantum physics, electron diffraction, photoelectrons, x-ray and its
properties, lasers, formation of molecules, amorphous solid structures. Another seminar

was organized for high school students by Eskisehir Municipality and the Turkey Science
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Centers Foundation with the support of a European Union Projects called “The Time for
Nano Project”. The aim of the project was engaging the general public, with a special
attention to young people. It was about the benefits and risks related to nanoscale research,
engineering and technology, with the help of specific informal education products.
Approximately 200 students attended this seminar. During the seminar, which was given
by nanotechnology educators from the Science Center (Bilim Merkezi), first brief
information about nanotechnology was introduced to students to teach them more about
nanotechnology. Then, nanotechnology related videos, demonstrations and activities were
introduced to students. These seminars were also held in different cities in Turkey, which
was announced on the official website of the Time for Nano project. Such events are called
“Nanodays”, generally consisting of demonstrations, experiments, games, meetings and
discussions about nanotechnology. Between the years of 2009-2010 several ‘Nanodays’
were organized in different cities such as Istanbul, Gaziantep, Izmir, Bursa, Eskisehir and

Manisa.

One public high school was nominated as one of the pilot schools in NanoYou
project, a youth project funded by the European Comission. In NanoYou, on the pilot
school’s blog, the project coordinator stated that “NanoYou gave materials, project ideas,
organized contests and offer up- to- date developments about nanotechnology”. Students
did not only take what was taught them for granted but they questioned, made experiments,
worked and explored together and discussed whether this technology has ethical basis and
how it would affect the environment and people in the future. Cultural exchange helped

share their ideas and broaden their understanding of nanotechnology.

“Nanochannels” is another funded project by the European Commission. The
members of this project are two high schools from Turkey. The Nanochannels project was
introduced as a unique public experiment of democratic dialogue in action about the new
industrial revolution that could change the face of medicine, energy production and water
purification, electronics, materials and security. Nanotechnology was introduced as a
subject to debate that takes place about its potential benefits and risks. On the official
website of the project, students posted materials such as videos, interviews, experiments,

news could be reached. One example that was posted by a private high school from Turkey
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was about an experiment about absorption of sunglasses and sunscreens, which was

conducted in Istanbul Technical University on March 2012.

With the collaboration of Yeditepe University and Private Kaggarli Mahmut Science
School in April 2012, one seminar and workshop about nanotechnology were held. The
program included the introduction to nanotechnology, applications of nanotechnology,
integration of nanotechnology to high school curriculum, workshop, and introduction of
nanotechnology products. The aim of the organization was to raise awareness, share update
news about nanotechnology as well as the integration of nanotechnology into the high

school curriculum.

Another university related nanotechnology education activity will be held at Sabanci
University in 2012. The two-week programs will have two terms. High school students
will have the opportunity to select courses entitled ‘Quantum Mechanics and Nanoscience’

and‘Molecular Biology, Genetics and Nanomedicine’.

The literature review showed that there are numerous nanoscience and
nanotechnology education projects, programs and modules that are designed to integrate
‘nano’ into the secondary school curriculum in many developed countries, especially in the
US. In the study of Ak (2009), it was also suggested that similar studies should be done in

Turkey and new projects should be carried out to make use of nanotechnology education.

2.4. Students’ Understanding of Nanoscience

As the nanoscale is accessible with the emerging new tools and instruments,
understanding nanoscience becomes necessary. Students’ understanding and acceptance of
emergent technologies like nanotechnology, is also an important component of scientific

literacy (Gardner et al., 2010).

Since nanoscience has an interdisciplinary nature, this could create an opportunity
for students to develop a deeper understanding of core concepts and principles, which they
would also be able to associate with the learning goals of the curricula. In other words,

there would be some common concepts between traditional curricula and nanoscience. It
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was also suggested to consider nanoscience not as a separate topic but as integrated into
the traditional curriculum. Thereby, nanoscience concepts would match with concepts
related to disciplines such as mathematics and science. Concepts related to “size and scale”
mentioned with its connection to mathematics, science, history and geography. It was
stated that to communicate the size of things in any subject area, standart measurement

units and numerical values are required (Stevens ef al., 2009).

Hutchinson et al., (2007) also noticed that nanoscience and nanotechnology concepts
were not usually addressed significantly in the traditional science curricula, but students
might show an interest in these phenomena. Based on this idea, Hutchinson et al., (2007)
first identified nanoscale related activities that motivated learners to explore and learn
nanoscience topics. Then they investigated the types of topics used to encourage students
to learn nanoscience concepts. They also reported students’ suggestions upon nanoscience
concepts that would bring interest and excitement to science classes. This study showed
that students showed more interest in learning about nanoscience when the activities and

questions were related to students’ interests.

Since students’ interest toward science is a key factor in their science achievements,
Hutchinson (2007) pointed out that nano related concepts could be suggested as a means to
increase students’ interest in science. The reasons for this suggestion are the integrated
nature of nanoscience and its popularity among society. According to students’ views
gathered in the study, it was suggested to consider some characteristics of nanoscience
concepts before introducing them to students. These characteristics were general curiosity,

personal interests, relation to everyday life, and hands-on experimentation.

While the Turkish Secondary Education system has been going through some
revisions in order to improve science education, there is still a big need to include
scientific ideas resulting from the emerging fields of science such as nanoscience, which is
interdisciplinary in nature. This interdisciplinary nature shows that ideas from chemistry,
physics, and biology are important. Considering the Turkish traditional secondary school
curriculum under these three main science subjects, and also some of the “Big Ideas” of
nanoscience stated by National Center for Learning and Teaching Nanoscale Science and

Engineering (NCLT) could be included as core concepts in an introductory workshop
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(Stevens et al., 2009). These Big Ideas, which have been regarded as appropriate for grade
7-12, were size and scale, properties of matter, particulate nature of matter, tools,

modeling, dominant forces, technology and society, and self-assembly.

In the NNW, not all the “Big Ideas” were covered. The “Big Ideas” that were
included in the NNW were “size and scale”, “structure of matter”, “dominant forces”,
“tools and instrumentation”, and “technology and society”. These ideas were selected
according to the prerequisite science knowledge of grade 11 students. In this section, only

these “Big Ideas” will be explained.

2.4.1. Size and Scale

Size and scale was one of the “Big Ideas”, which were identified in Nanoscience
Learning Goal Workshop organized by National Center for Learning and Teaching
Nanoscale Science and Engineering (NCLT) in 2006. According to Stevens et al., (2009)
size is defined as the actual extent, bulk or amount of something. Scale is defined as to link
the size of an object to a numerical representation of that size conventionally defined units
such as meters, grams, gallons and light years. Authors also added that these concepts
underlie all the other big ideas of nanoscience. It was revealed that size defines the
nanoscale, and scale gives explanation about the behavior of matter. As size and scale
changes, the properties of matter change. Stevens ef al., (2009) gave example of the special
properties that matter exhibits on the nanoscale result from the effect of size on the surface
area to volume ratio. They explained that in chemistry this relates to the number of atoms

on the surface relative to that of the bulk material.

Some of the studies put emphasis on students’ nanoscale science and their related
conceptions. One of the studies about understanding the concepts of size and scale was
done by Delgado (2009) who was concerned with what students already know and how
they think about it. The purpose of the study was to develop a learning progression for size
and scale, so as to be used to guide the development of a more effective curriculum,
instruction and assessment. Delgado (2009) conducted a cross-sectional study with 101
middle school students among undergraduate students. In his study, the researcher built a

learning progression for size and scale that focused on four different aspects. These aspects
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were ordering by size, grouping by size and relative scale (how many times one object is
bigger than the other) and absolute scale. The researcher stated that these four aspects of
size and scale could make it easier to retain information about the size of objects by
helping students contextualize and store it in several ways. The results of the study showed
that learning measurement units smaller than millimeters including micrometers,
nanometers were found to be powerful tools for student learning about submacroscopic

world.

Stevens et al., (2009) agreed that nanoscience concepts, in other words “Big Ideas”,
should be integrated into the curriculum. Furthermore, they pointed out that these concepts
were already in the science curriculum. According to Ak (2009), in the current Turkish
curriculum, the term “nano” is mentioned in 2008-2009 grade 9 biology books in the
“Cell” unit. It was mentioned that the size of cell membrane was given as 12 nm, the
ribosome organelles in 20 nm in prokaryotes and 30 nm in eukaryotes. It was also stated
that in the Appendix of that biology book, the international units system (SI) table included
information about “nano”. Ak (2009) suggested that this situation could be considered as
an indicator to introduce students to the nanometer scale. In the grade 9 chemistry
curriculum, which was published in 2007, the section called “Kimya dersi 6gretim

programinin gerekgeleri- Reasons for chemisty curriculum” informs that:

“Gelisen teknolojinin, giindelik hayatta kullanima sundugu nanoteknoloji ve mikro
elektronik tiriinlerinin, kimyay: ilgilendiren yonleri ile programda yer almast geregi
dogmustur- A requirement arose regarding nanotechnology daily life uses with the

chemisty aspects”.

Although these ideas mentioned in the chemistry curriculum of 2007,
nanotechnology was not covered in any chemistry units in grade 9 books. In the 10 grade
10 chemistry curriculum of 2011, the same explanation mentioned above was included in
the section called “Kimya dersi 6gretim programimin gerekgeleri- Reasons for chemisty
curriculum”. This time, in the unit called “Mixtures” an example given about nanometer

was as follows:
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“Homojenligin anlami, dagilan maddenin tanecik boyutu, mikroskoplarin biiyiitme
oranlart ve gorsel duyunun boyut simirlari temelinde tartisilir. Boylece c¢ozeltilerin,
“boyutu 10 nanometreden daha kiigiik olacak sekilde dagilmis maddelerin olusturdugu
karisim” seklindeki tanimi anlamlandwrilir. - Homogeneity means that the particle size of
dispersed substances and enlarging ratio of microscopes are discussed on the basis of
growth rates and size limits of visual sensation. Thus, solutions can be defined as the

mixture formed by the dispersed substance the size of which is less than 10 nanometres.

“Nano” as a scale, also took place in the chemistry curriculum of 2011. In the
introductory part of the “mixtures” unit, one nanometer was defined as the upper limit of

the molecular size to show the microscopes’ zooming ability.
2.4.2. Structure of Matter

Although understanding the structure and behavior of matter in bulk and atomic
levels is relatively well-developed, there is limited knowledge about how matter behaves
differently in bulk and atomic levels (Stevens et al., 2009). The authors believed that
interesting properties at the nanoscale can be related to the specific properties of
constituent atoms. To set an example to these different forms of carbon, “allotropes” were
introduced. Diamond, graphite and charcoal were mentioned as most common forms of
pure carbon. These different forms of carbon were included in grade 9 chemisty
curriculum of 2011 in the unit of “compounds”. These allotropes were referred to as
examples to covalent network structures. Bucky-ball as another allotrope was given as
example by Stevens er al. (2009). Bucky-ball was defined as hollow sphere-shaped
molecules commonly consisting of 60 carbon atoms. The other example to allotropes
included carbon nanotubes. Carbon nanotubes were defined as extended structures that
have a diameter of only few nanometers. They have properties of having high electrical
conductivity, having resistance to heat, being the strongest and stiffest material known.
These allotrope examples were also covered in the lesson units of Nanosense project,
which were “Introduction to Nanoscience” and “Scale of Objects”. Buckyballs and carbon
nanotube might also be introduced to 9™ grade chemistry students as another example of
covalent network structures. Stevens et al. (2009) stated that the basic physics of atoms

and molecules is the foundation of all science. Emphasizing the nanoscale related concepts
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such as buckyballs and carbon nanotubes would be beneficial for students as they study
biology, physics, chemistry and earth science. Another example related to science
curriculum was “proteins”, which are also nanoscale objects. In the 9" grade Turkish
chemistry curriculum, the units of “compounds” referring to covalent stuructures and
organic compounds could also include buckyballs, carbon nanotubes and proteins as

examples of nanoscale objects.

The authors Stevens et al. (2009) also emphasized that understanding the structure of
matter is critical to building understanding of many aspect of nanoscience. Based on this,
in the 10™ grade Turkish chemistry curriculum, the unit of “Atomic structures” and the unit
of “Interactions between different species” could also mention nanoscale materials which

are also made of atoms, molecules or other nanoscale objects.
2.4.3. Dominant Forces

Since nanotechnology utilizes the unique properties of matter on the nanoscale to
design and create new nanoscale structures, it is important to understand how they are held

together.

It was explained that small objects such as atoms, molecules and nano particles
interact in a variety of ways; Van der Waals forces are one type of electrical forces which
are responsible for intermolecular interactions between atoms, molecules and
nanostructures (Stevens et al., 2009). In other words, understanding the electrical forces
that are responsible for intermolecular interactions, which lead to the interaction between

atoms, molecules and nanostructures, are essential to understand nanotechnology.

The National Center for Learning and Teaching in Nanoscale Science and
Engineering (NCLT) supported nanoscience and nanotechnology projects to integrate
nanoscience into the curriculum. Among those lessons developed in 2007, five lessons out
of twelve were on the topic of intermolecular forces. The evaluation of the lesson
development project also showed that teachers are more likely to develop a lesson related

to the topic from the curricula (Greenberg, 2009).
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The projects such as Nanosense and NanoLeap, which were mentioned in section
2.3, also used the concept of intermolecular forces in their teaching units. Nanoleap project
considered the concept of intermolecular forces as one of the core concepts from the “Big

Ideas” in nanoscience.

Stevens et al. (2009) pointed out that connecting the “chemical interactions” subject
that includes ionic, covalent, dipole- dipole, London dispersion/Van der Waals with idea of
“electrical forces” will facilitate student understanding of the same forces involved in

interactions of both atomic and nano scale.

In the 10" grade chemistry curriculum, the unit of “Interactions between different
species” can be linked to “electrical forces” so that students can relate a curriculum subject
to an emerging science field, which is nanotechnology. The understanding of “electrical
forces” idea would enable them to understand how nanoscale structures are designed and
built. In other words, understanding “electrical forces” is essential to create nanoscale

assemblies and materials.
2.4.4. Tools and Instrumentation

Development of tools led to discover and increase the level of understanding of
matter. Stevens ez al. (2009) stated that there have been advances in microscopy in the 20™
century. “Scanning electron microscopes (SEM)” were introduced as microscopes that
have played an important role in the development of nanoscience and nanotechnology.
SEM was described as a microscope that uses a focused beam of electrons to scan a sample
and create an image. They also allow objects on the scale of less than 10 nm to be
resolved. Similar to SEM, “scanning probe microscopes” as instruments help scientists to
characterize nanoscale materials and objects with relative ease and to explore their special
properties. Instead of using beams of electrons, they use a metal “probe” to scan the
sample surface. Atomic Force Microscope (AFM) is a type of scanning probe microscope,
which uses a metal probe that tapers down to a point that has a radius less than 10 nm.
AFM scans the surface and detects the interatomic and intermolecular forces between the
probe and surface and creates an image. Another probe is Scanning Tunnelling Microscope

(STM), which has been mentioned in the first unit of the Nanosense project. The
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instrument introduced with its probe was described as one atom in size. The tunneling of
electrons between the tip and the substance being viewed creates a flow of electrons. The
strength of the current and the change in current over time creates an image of the surface

of the substance.

Stevens et al. (2009) explained how the “Big Idea” of tools and instrumentation fit
into the curriculum. They stated that beginning at the elementary school, students started to
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learn about abstract concepts such as “electricity”, “atom”, “atomic structures”, “living
organisms”, “cells”, “cell organelles”, “proteins” and “DNA”. They believed that
introducing tools, instruments and the visuals obtained related to those concepts will

facilitate students’ conception of such abstract concepts.

In the Turkish high school chemistry curriculum, tools and instruments can also be
integrated into the units that relate to the subjects mentioned by Stevens et al. (2009). It
was also revealed that scanning probe microscopes provide new and more accessible

evidence for the existence of atoms and their arrangement in solids.

2.4.5. Nanoscience and Society

The interrelationships between science, technology, and the global economy have an
impact on society in many ways. The field of nanotechnology was driven by the aim to
advance society (Stevens et al., 2009). The advancement of nanotechnology depends on
successful research and development. According to Roco (2003a), there were societal
factors, which also have an effect on the advancement of nanotechnology. These factors
included education, the training of skilled workers, researchers, policies and economic
demands. As Stevens et al. (2009) pointed out that nanotechnology has both positive and
negative impacts on society. The authors also suggested to direct research toward the

potential risks as well as the potential benefits of nanotechnology.

Nanoscience and society is one of the “Big Ideas”. The authors suggested that
studying the dynamic nature of science and the interplay between scientific discoveries and
new technologies motivate students to learn about science since the subject matter is

revelant to real life. They suggested to integrate nanotechnology into the curriculum in
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order to illustrate the dynamic nature of science. This integration also enables students to
see how scientists and engineers use their understanding to create new applications that

address problems and limitations.

2.5. Students’ Awareness of Science and Technology

Scientific literacy was emphasized as one of the key components of science,
technology, engineering and mathematics (STEM) education by Laugksch (2000). STEM
education aims to improve students’ abilities to communicate and discuss science and
technology, especially in the issues that are related to everyday situations and social
implications. Laugksch (2000) also argued that ‘public understanding in science’ (PUS) is
a suitable terminology to use within the phrase of ‘scientific literacy’. On the contrary,
Stocklmayer and Gilbert (2002) argued that the phrase of PUS is incompatible with
modern theories of learning. A new acceptable model was found by the researcher as
‘personal awareness of science and technology’ (PAST). They found this model by
conducting a study at the Australian National Science and Technology Center where
visitors used interactive exhibits. The study showed that an individual’s PAST can be used
to interpret his/her learning through such exhibits and other ways of science activities.
Gilbert (2002) defined public awareness in science and technology as a set of attitudes, a
tendency toward science and technology, which are based on beliefs and feelings and
which are visible thanks to some skills and behaviors. Gilbert (2002) added that if one
person has skills to access scientific and technological knowledge, that person can
eventually start to understand the scientific key ideas and the way that they come out. The
status of scientific and technological knowledge and its significance relates to personal,
social and economic life that can easily be evaluated if a person has a personal awareness
of science and technology. According to Stocklmayer and Gilbert (2002), personal
meaning making, that is, having ownership via personal experience and exploration, are

essential to raise awareness.

The Ministry of EU Affairs reported a document about current situations in Turkey
(Ministry for EU Affairs, 2009). In that document, one chapter was called ‘Science and
Research’. In that chapter, one agenda item was about ‘Science and society’. It was stated

that under National Science and Technology Strategy (2005-2010), there were two



23

objectives, which directly related to science and society. One objective was to
development human resources for scientists and the other was to raise public awareness of
science and society. To raise public awareness, they suggested that faculty members
appear on TV channels to give talks on scientific subjects such as natural disasters,
economy, energy and traffic. The importance of personal experience and exploration about
science and technology applications and the related issues, such as social implementations,
were not specifically and clearly emphasized. As for students, the role of open secondary
education programs through audiovisual media was emphasized in order to promote
scientific awareness towards science. In addition, research project competitions could

launch with TUBITAK’s support so as to promote scientific research among students.

Within rapid change and development in research and development of science and
technology, the goal of development of scientifically literate students becomes more
critical. Another point is that, since future scientists and engineers are those students, they
also need to understand social implications related to their work. Also, they should feel
competent to communicate with scientific and non-scientific community on the issues of

research and development.

2.5.1. Students’ Awareness and Understanding towards Nanoscience and

Nanotechnology

Public awareness and understanding towards nanoscience and nanotechnology was
defined as inquiring not only about knowledge of specific terms but also the ability to put
those terms in appropriate context (Waldron et al., 2006). The importance of awareness

was emphasized by Roco and Bainbridge (2002) as follows:

“Without a wide-spread accurate awareness of the basic facts of nanoscience, public
and the policy-makers would not have the knowledge to make informed decisions about

nanotechnology and its products”.

Waldron et al. (2006) also stated that questioning about what public knows about
nanotechnology is essential to engage public in the social and political debates about

emerging nanotechnology. Batt et al. (2008) agreed that although investment in research
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and development are important, public understanding of nanotechnology can have a

positive effect on the implementation of that technology.

In the literature, there were studies that focus on public awareness of nanotechnology
(Cobb and Macoubrie, 2004; Scheufele and Lewenstein, 2005; Burri and Bellucci, 2008).
According to Waldron et al (2006), the need of raising public awareness of
nanotechnology has been well documented in various studies (Weil, 2003; Morrissey,
2004; Schulz, 2002; Service, 2004; Waldron et al., 2005). Public understanding of
nanotechnology was determined through various studies (Bainbridge, 2002; Cobb and

Macoubrie, 2004; Dowling, 2004).

Despite rapid development in nanotechnology, research literature showed that public
has limited awareness in this field (Bainbridge, 2002). In the study of Cobb and Macoubrie
(2004), they interviewed with 1536 adults via telephone and found out that public
awareness was low, and public understanding was even lower when the participants’
technical understanding of nanotechnology was searched. Waldron et al. (2006) conducted
a study in which they interviewed with 1500 individuals including children of four
different age groups: aged younger than 8, aged 8-10, aged 11-13 and aged 14-17 and
adults with five different age groups: aged 18-22, aged 23-28, aged 29-39, aged 40-59 and
aged 60+. It was found that adults and children had some struggles on the issues of
understanding relative scale and sub-visible objects. The study of Batt et al. (2008) stated
that lack of understanding stemmed from lack of knowledge about science in general but

specifically more about difficulty in understanding of size and scale of nanotechnology.

Studies on public awareness of nanotechnology pointed that the role of mass media
is currently a key factor influencing how public thinks about nanotechnology (Scheufele
and Lewenstein, 2005; Brossard et al., 2009). The study of Waldron et al. (2006) showed
that most individuals surveyed had heard about nanotechnology from the popular press.
The literature also reveals that action of the mass media also differs in terms of placing
nanotechnology in their programs. For instance, the U.S media that covers nanotechnology
puts more emphasis on positive terms when compared to U.K (Scheufele and Lewenstein,
2005; Nisbet and Scheufele, 2007). In other words, the US citizens’ initial attitude toward
nanotechnology was positive (Cobb and Macoubrie, 2004). Brossard et al. (2009) found
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that when science newspapers and science programmes on TV mention nanotechnology,
public attitude toward nanotechnology were positively affected. The study of Ho et al.
(2011) examined the media’s use of nanoscience and nanotechnology in order to get an
idea of how the mass media could be used by experts and public to make judgements about
nanoscience and nanotechnology. Their study revealed that science news frames often used

by the public as cues to make judgements.

In addition to public awareness of nanotechnology research studies, there were some
studies conducted to examine students’ awareness and understanding of nanotechnology.
For example, in the study of Lu (2009), readiness of freshmen engineering students to
study nanotechnology was examined. The results showed that most students learned the
term ‘nano’ from science magazines or as a measurement unit. Only less than 5% of
students knew the term ‘nano’ by attending a nanotechnology education programme. The
author emphasized the need of understanding students’ personal opinions on many

nanotechology issues.

Krajcik et al. (2007) suggested that when creating educational programs and
materials to develop public understanding of nanotechnology, the focus should be on the

basic ideas and principles about nanotechnology.

2.5.2. Students’ Risk and Benefit Perceptions of Nanotechnology Applications

Understanding perceptions related to the risk and benefits posed by nanotechnology
is an important component of scientific literacy (Garder et al, 2006). To understand
perceptions relevant to the risks and benefits of nanotechnology applications, researchers
conducted various studies. Most of the studies focused on public perceptions of risks and
benefits of nanotechnology (Kahan et al., 2008; Cobb and Macoubrie, 2004; Barnet et al.,
2006).

Researchers also pointed out that psychological dynamics associated with cultural
cognition shapes public attitudes toward risks and benefits of nanotechnology. Cultural
cognition was operationally defined as the tendency of people to base their beliefs about

risks and benefits on their cultural judgements (Kahan et al., 2008). In their study, they
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revealed that people who have predisposition toward technology are more likely to become
exposed to information about nanotechnology and they are more likely to react it
positively. On the contrary, people lack of predisposition are less likely to become exposed
to information about nanotechnology. Moreover, they tend to develop a negative attitude
toward nanotechnology. Likewise, the study of Cacciatore et al. (2011) examined the
mental connections of the US citizens using nanotechnology in the medical field, the
military and consumer products and they questioned how these connections moderate the
influences of risks and benefits perceptions on attitudes towards nanotechnology. Their
results suggested that individuals, who connect nanotechnology with any areas of
application such as medical field, take risk perceptions more seriously when forming

attitudes towards nanotechnology.

In the study of Cobb and Macoubrie (2004), a national phone survey in the US was
carried out and public perceptions about nanotechnology were reported. The results
revealed that survey respondents expected the benefits of nanotechnology to be more
prevelent than those risks. One significant benefit of nanotechnology was about detecting
and treating health diseases, whereas the most stated risk of nanotechnology was about
losing personal privacy. According to Gardner et al. (2010), perception of risks and
benefits of nanotechnology are closely related to specific group of applications, which are
common consumer products, health products and advanced technological applications.
This research result obtained from a survey of risk perceptions and interviews done with a
group of undergraduate engineering students who took material science engineering

courses focusing on nanotechnology.

The review of literature showed that most studies in risk and benefit perceptions of
nanotechnology deal with either obtaining public perception or undergraduate and graduate

university student perception.
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3. METHODOLOGY

3.1. Significance of the Study

As nanoscience and nanotechnology have recently been funded areas in research,
development of K-12 curriculum and some educational models about nanotechnology are
recommended to achieve a modern education system (Roco, 2002). In line with the new
emerging nanoscience and nanotechnology developments, the idea of integrating
nanoscience into high school curriculum has been supported under funded projects
worldwide. NanoLeap and Nanosense Project, the two large grade 7-12 curriculum
development projects funded by NSF in 2004, are given as examples by Greenberg (2009).
He also states that nanoscience can either be considered as a new discipline or, based on its
interdisciplinary nature, it can be spread throughout the secondary school science

curriculum.

As Malsh (2008) argues, the US National Nanotechnology Initiative, German
competence networks of nanotechnologies and European Union Framework Programme
are key drivers of nanotechnology development on a global scale. The development of
such programs and projects could be considered as a turning point in science and
technology. As Chank (2006) states nanoscience education can fire young people’s

imagination and increase their interest in science and technology.

The research area of nanoscience and technology education for secondary school
students in Turkey needs a lot of attention (Ak, 2009). With regard to the need of
integrating nanoscience and nanotechnology into secondary school classrooms in Turkey, a
nanoscience and nanotechnology workshop (NNW) was designed and implemented at
Bogazici University in Istanbul. With the nanoscience and nanotechnology workshop

(NNW), it was aimed to investigate 11"

grade students’ awareness and conceptual
understanding of nanoscience and nanotechnology while introducing them to such an

important emerging area of science education.
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This study could be considered as an attempt to introduce nanoscience and
nanotechnology education opportunities to students as citizens and future scientists. In
addition, this workshop also brought teachers, students, university academics and
prospective students together. Also, this study gave high school students an opportunity to
spend a whole day at a university’s science laboratory. The workshop also enabled
teachers to draw their students’ attention to one of the emerging science and technology
area, which could also be related to many other scientific concepts they cover in their

regular curricula.

Similar workshops at universities and institutions about different levels of
nanoscience and nanotechnology concepts for different age groups could be developed in
the future. Furthermore, the results, which are obtained from this study, can promote
development of various other nanoscience and nanotechnology in and out-of-school
education resources. Moreover, it can help integrating nanoscience and nanotechnology

into secondary school science curriculum.

3.2. Statement of the Problem

As new technologies become available, the need to educate young population about
these new technologies is getting more critical. Many worldwide projects are developed
and supported to spread nanoscience and nanotechnology education through different
grade levels. However, in Turkey, the number of nanoscience and nanotechnology related
education programs for young people are limited (Ak, 2009). In fact, there are projects and
organizations incorporating nanoscience education at K-12 level. Some of these projects
are the European Union funded projects such as Time for Nano, NanoYou and
Nanochannels; nanotechnology workshops held in Science Center in Istanbul;
“Understanding Nanotechnology via Virtual Lab” workshop designed to establish a
nanotechnology laboratory at a private high school in Istanbul; university summer school
nanotechnology programs in Istanbul, and Sabanci University seminar and workshops
organized in collaboration with a university and a private high school. Since
nanotechnology has been considered as an emerging science field, new projects and ideas

should be developed to inform young people about emerging technologies.
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This study has an attempt to reach 1" grade students and increase their awareness

and understanding of nanoscience and nanotechnology.

To identify the effects of attending the workshop on 11" grade students’ awareness

and conceptual understanding of nanoscience and nanotechnology, the following research

questions were used as guidelines.

3.2.1. Research Questions and Hypothesis

ii.

1il.

ii.

The research questions of this study were:

Will there be any change in 11" grade students’ awareness about nanoscience and
nanotechnology after attending Nanoscience and Nanotechnology Workshop

(NNW)?

Will there be any change in 11" grade students’ conceptual understanding about

nanoscience and nanotechnology after attending NNW?

What outcomes are obtained from the products generated by students who participate

in NNW?
In this study, it was hypothesized that;

11™ grade students who attend nanoscience and nanotechnology workshop will show
an increase in their scores at Nanoscience and Nanotechnology Awareness

Questionnaire (NNAQ).

11™ grade students who attend nanoscience and nanotechnology workshop will show
an increase in their scores at conceptual understanding test of nanoscience and

nanotechnology (NNCUQ).
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3.3. Variables & Operational Definitions of Variables

3.3.1. Dependent Variables

Dependent variables of the study were the awareness and conceptual understanding
regarding the concepts of nanoscience and nanotechnology. Students’ awareness of
nanoscience and nanotechnology refers to; having basic knowledge about main
nanoscientific and nanotechnological concepts, exposure to nanoscience and
nanotechnology in daily life, giving examples to nanotechnology applications, stating
benefits and risks of nanotechnology. Conceptual understanding covers the basic concepts
of nanoscience and nanotechnology such as size and scale, hydrophobic and hydrophilic
surfaces and also scientific concepts from high school chemistry curriculum such as

intermolecular forces and surface tension.

To measure students’ awareness of nanoscience and nanotechnology, 5-degree likert-
type questionnaire called ‘“Nanoscience and Nanotechnology Awareness Questionnaire”
(NNAQ) (See Appendix A) and semi-structured interviews (See Appendix J) were used.
Nanoscience and Nanotechnology Awareness Questionnaire (NNAQ) were developed by
the researcher based on the questionnaire developed by Dyehouse et al. (2008) and it was

pilot tested for its validity and reliability.

Students’ conceptual understanding regarding the concepts in nanoscience and
nanotechnology was measured with “Nanoscience and Nanotechnology Conceptual
Understanding Questionnaire” (NNCUQ) (See Appendix B), which contained an open-
ended question, also semi-structured interviews including some questions about basic

concepts of nanoscience and nanotechnology (See Appendix J).

Students’ interest to workshop is measured by open-ended questions of
“Nanoscience and Nanotechnology Workshop Evaluation Questionnaire” (NNWEQ) (See
Appendix C), which was given at the end of the workshop.
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3.3.2. Independent Variable

The independent variable of this study is the workshop (NNW), which was designed
as an introduction to nanoscience and nanotechnology for high school 11" grade science
students. The high school students’ prior science knowledge that forms the basis of
understanding nanoscience and nanotechnology was considered while designing the NNW.
Schank et al, (2010) stated that student’s prior knowledge shall be considered as an

important strategy for success in learning nanoscience related topics.
3.4. Nanoscience and Nanotechnology Workshop (NNW)

The basis of design and implemention of the NNW was based on various
nanoscience and nanotechnology education projects from the United States and Germany.
NanoLeap and NanoSense Project’s, two significant 7"-12" grade curriculum development
projects, which were funded by NSF in 2004 (Greenberg, 2009), general ideas and goals
were used as the starting point of the design of the workshop. NanoLeap project’s goals
were exploring nanoscale science, technology, engineering, and mathematics concepts
fitting into high school physical science, and chemistry classes supporting students in
learning core science concepts. Moreover, there was one more goal, finding out better
approaches to develop instructional materials in the area of nanoscale science, technology,
engineering, and mathematics. For NanoSense Project, the main goal was helping high
school students to understand science concepts about nanoscale science and technology.
This project aimed to create instructional units to help students understanding underlying
principles, applications, and implications of nanoscale science. The ideas that form the
basis of the workshop were adapted by the researcher based on the desired outcomes

identified by NSF funded NanoLeap Project team.

i. The common concepts of nanoscience and nanotechnology with high school physics,

chemistry and biology should be explored.

i1. Interdisciplinary nature of nanoscience and nanotechnology should be emphasized in

the content of the workshop.
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iii. Instructional materials of the workshop should support inquiry based teaching and

learning.

iv. Activities in the workshop should increase the levels of interest and engagement in

learning science.
v. The workshop should increase the understanding of core science concepts.

vi. The workshop should increase the understanding of core nanoscience and
nanotechnology concepts, their applications, and social implementations refer to

benefits and risks.

The initial idea for this study originated from the study conducted by Akaygiin
(2010a,b). In the studies, the researcher aimed to investigate pre-service science and
mathematics teachers’ initial knowledge and the attitudes towards nanoscience and
nanotechnology. Moreover, during the research study, a “Nanoscience Workshop” was
created by preservice teachers to implement the workshop to another group of preservice
teachers. With respect to the study results, a similar introductory nanoscience and
nanotechnology workshop was planned to be developed and implemented with secondary

school students.

This workshop was composed of presentations, demonstrations and selected
activities considering suggestions made in the literature about designing nanoscience and
nanotechnology education materials and programs for secondary school level. Considering
the main scientific concepts needed for an introductory level nanoscience and
nanotechnology related workshop, based on the prerequisite knowledge of students, 11"

grade level students were chosen as participants of the workshop.
3.4.1. Design of Nanoscience and Nanotechnology Workshop (NNW)

The development and implementation process of the study consists of different parts:
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3.4.1.1. Part 1: Identification of main concepts needed for an introduction to nanoscience

and nanotechnology for high school level. At the beginning of the study, the literature was

reviewed for the most commonly emphasized nanoscience and nanotechnology concepts
that were needed to understand the basis of nanoscience and nanotechnology. The main
concepts were identified then; these suggested concepts were checked if they were
consistent with revised high school chemistry, physics and biology curriculum. Also
suggestions from the study of Hutchinson (2007) were taken into consideration. It is
suggested to consider some of characteristics of nanoscience concepts to increase the

interest of students’ which is a key factor for learning. The suggested characteristics of

99 ¢

nanoscience concepts were related to “general curiosity”, “personal interests”, and relation
to everyday life, “hands-on/experimentation”. The concepts were checked if they have
these four characteristics. Since this workshop was planned to be an introductory workshop

for high school students, main concepts were specified as:

1. Size and scale

ii. Properties of matter

1ii. Ferro fluids

iv. Instruments: STM&AFM

v. Dominant Forces

vi. Surface Tension

vii. Hydrophilic and hydrophobic surfaces

viii. Lotus Effect

ix. Ethical issues, risks and benefits for the future

x. Product Design: What is learnt so far?
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Except the knowledge of “size and scale”, “properties of matter”, “dominant forces”,
“surface tension”, “terms of hydrophilic and hydrophobic”, the rest of the concepts are new
to high school students according to available chemistry, physics and biology curriculum.
For instance, the terms of “hydrophobic and hydrophilic” were introduced in 9" grade
chemistry curriculum in the second chapter, which was about “Compounds”. The related
objective to this subject was stated as “Students will show hydrophilic and hydrophobic
parts of an organic compound” (Talim Terbiye Kurulu Bagkanligi, 2007). Because of this,
the grade level, which the curriculum related concepts could be best understood, was

considered to be 11"

grade. Students got familiar with size and scale, properties of matter,
terms of hydrophilic and hydrophobic at 9" grade; with intermolecular forces, surface
tension in second semester of 10™ grade. Since the workshop was planned to conduct in the
first semester, 11™ grade students were preferred. 11" grade students were preferred

considering their prior science knowledge on these subjects.

3.4.1.2. Part 2: Identification of nanoscience and nanotechnology education materials

suitable for high school level. After the concepts were specified, the literature was
reviewed for designating worldwide projects, which were about nanoscience and
nanotechnology education for secondary school level. The sources of the projects were
National Center for Learning and Teaching in Nanoscale Science and Engineering; the
NanoSense project; the NanoLeap project; Nanoscale Informal Science Education and
NanoSchoolBox. The activities, which were needed for basic understanding of
nanoscience and nanotechnology, were selected according to the following principles

which were identified by the researcher.

1. The activities should be safe in order to apply them in a laboratory.

ii. The activities should be consistent with the concepts.

iii. Each activity should address a different concept.

iv. The materials of the activities shouldn’t be complicated so that they can be applied at

different places after this workshop.
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After selecting the activities, they were revised and adapted for the workshop. Since
the projects and the materials were reachable from Internet for the public use, taking
permission for using them was not required. The selected activities were: “Cutting it
Down” which was created by Nanoscale Informal Science Education (NISE), “Black Box”
activity which was one of the laboratory activities included in “Tools of the Nanosciences”
chapter of NanoSense Project, “Lotus Leaf Effect” activity was created by University of
Wisconsin-Madison Materials Research, Science and Engineering Center (MRSEC). The
activity of “Discussion about “Risks and Benefits of Nanotechnology” and the activity of

“Create Your Own Nano Product” were designed by the researcher.

3.4.1.3. Part 3: Specification of goals for the workshop. The aim for such a workshop

was to introduce and take attention of students’ to such an important emerging area of
science and technology, and help them relate many scientific concepts they cover in their
regular curricula and see how nanoscience and nanotechnology is an interdisciplinary
subject. In respect to create learning experiences of students in the workshop, the following

goals were identified by the researcher:

i. Introduce the nanoscience and technology as an interdisciplinary element

il. Increase the scientific literacy in nanoscience and nanotechnology

iii. Increase understanding of nanoscale science, technology and core science concepts

iv. Get familiar to recent applications, and future careers

v. Relate chemistry concepts from the curriculum to nanoscience concepts

vi. Awareness of risks and benefits of nanotechnology
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3.4.1.4. Part 4: Design of the content of the Workshop. This workshop was designed to

provide a one-day introduction to nanoscience and nanotechnology for high school
students with very limited time. It included a presentation, visual demonstrations, hands-on
activities accompanied with their worksheets, group discussions, poster design and follow
up. The researcher has a role of implementing the study, making presentations before,
during and after the activities. During the activities, researcher observed the groups.
Design of the content part also included subsections in it. Each subsection had its own
design and development process that came with production of its own materials. The

subsections are shown in Table 3.1 and are explained in details.

Table 3.1. The subsections of nanoscience and nanotechnology workshop (NNW).

Time The Subsections of NNW

9.00-9.30 Welcome

9.30-10.15 Presentation: Introduction to Nanoscience and Nanotechnology
10.15-10.45 Activity 1: Can we cut down into nanoscale?
10.45-11.45 Activity 2: How can we see in nanoscale?
11.45-13.15 Lunch Break
13.20-14.20 Activity 3: Solving the Mystery of Lotus Effect
14.20-14.50 QZE(V,:;Z Iilgol?;fgcyt’l’ssion about “Risks and Benefits of
15.10-15.40 Activity 5: Create Your Own Nano Product
15.40-16.00 Post tests, Workshop Evaluation Form

The introductory PowerPoint presentation (See Appendix D) was prepared to use at
the beginning of the workshop. Time required for the presentation was 40 minutes. The
researcher who is also called project leader of the workshop presented this part. The slides
of the presentation generally introduced what nanoscience and nanotechnology were brief
overviews of the history, what was interesting about science at nanoscale, what kind of

technological developments occurred and how they impacted our lives.
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The presentation started with a short part from an old movie called “The man in the
white suit”. It was about a chemist who invents a fiber that repels dirt, everlastingly strong
and luminous in a fabric factory. This movie part included in the presentation for taking
students’ attention and makes them think about the possible relation between the movie
and the nanoscience and nanotechnology. Also the movie provided following questions to
make students to think one step further. “Do you think that movies become real?”, “What
has changed in movies since 1950’s?” With an example of a liquid metal robot from a
movie called “Terminator 2”, students were made to think further with a question of “Is
this soon to be real?” Then it was emphasized how fast technological developments
occurred and it was asked students that “Why do technological developments occur?”
Other suggestions of students were added to answer of curiosity, need, money and power.
The students’ attention was taken to the estimation which states the effect of
nanotechnology to a world market volume of up to US$3 trillion by 2015. This information
was followed by the question of “Does World ready for this growth?” “Are there enough
number of scientist?” The estimated number of nanotechnology workforce needed by
2015, which is 2 million people (Roco and Bainbridge, 2001), also shared with students.
Then, nanotechnology was defined as “understanding and control of matter at the
dimensions of 1 to 100 nanometers enable novel applications” (National Nanotechnology
Initiative, 2006). After sharing this definition, need for a more detailed explanation for
nanoscience and nanotechnology was added. The presentation continued with brief history
of nanotechnology based on information given in Nanotechnology Research Foundation. It
started from 18" century two colored ancient Roman vases, window glass paintings.
Photography was given as an example from 19" century. Richard Feynman was introduced
with his famous quota “There is plenty of room at the bottom” as the person who first
introduced the nanotechnology idea. Then Nario Taniguchi from Tokyo Science University
is introduced as the first person, who defined the term “Nanotechnology” in 1974. Then
Dr. K. Eric Drexler, who developed nanoscale devices such as molecular machinery in
1977, was introduced. The invention of Scanning Tunneling Microscope (STM) by
Heinrich Rohrer and his colleagues, discovery of buckyball, and carbon nanotubes were
mentioned. In 1990’s, laser manipulation of individual atoms, in 2000’s new techniques

such as nano lithography was introduced.
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After the history part, the meaning of the term “nano” and ‘“nanometer” were
introduced. To enable a better understanding of nanoscale, PowerofTen java tutorial was
shown. Then Scale Activity (See Appendix E) was introduced. Each group was given
pictures of a box, baseball, marble, salt grain, hair, red blood cells, bacteria, virus, proteins,
big molecules, and atoms and molecules. These pictures were taken from NanoSense
project, “Size Matters” module. Groups were also given an empty scale to match the
pictures with right scales. The activity required 10 minutes; groups checked their results

afterwards.

This scale activity was followed with a demonstration of “ferrofluid” where it was
originated from NanoSense Project. The aim of this demonstration was to emphasize the
nano-sized particle of a given substance exhibiting different properties than larger sized
particles of the same substance. Japanese artist’s, Sachiko Kodama’s, ferrofluid sculptures
were also shown. One more example was given about nano gold particles which were used
in window stains and different colors reflected according to different nano sizes. Other

important principle, surface to volume ratio was introduced.

The interdisciplinary nature of nanoscience and nanotechnology was mentioned with
a chart that showed physics, material science, information technology, microelectronics,
biology, biotechnology, biochemistry and chemistry as example of fields that interrelates

with new technology.

Bottom-up and top-down approaches were explained as manufacturing processes
with two simulations taken from NanoHUB project, then some important
nanotechnological applications were introduced starting from use of carbon nano films in
many areas; solar cells, touch screen, electro active devices, sport materials, OLED’s,
paints, and so on. Use of buckyballs in cosmetics was emphasized. Nanotechnological
applications about health were introduced with examples of anti cancer gold nano particles,
nano robots, and early diagnosis with quantum dots. Other applications about data storage
and nano chips were mentioned. Various applications of nanolithography technique were
shown. Then, nanotechnology in food sector, cosmetics, textiles, and automotives were
introduced with real life applications. Air and water filter applications, anti fog and self-

cleaning properties of nano paints were also given as examples.
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Nanotechnology in Turkey was mentioned with introducing National
Nanotechnology Research Center (UNAM) in Ankara. Nanotechnology education
opportunities at some universities and institutes in graduate levels were also mentioned.
Some of the applications such as converting TNT dynamites to fertilizers, finger sign
detectors with nano particles, protection of historical places with nano particles were
shared. The risks of nanotechnology were emphasized. The future of nanotechnology was

introduced with some future projects that have already been planned.

Beside the introduction presentation that was explained above, the main body of the
workshop consisted of four different activities. Each activity related to one or more
nanoscience and nanotechnology concepts specified at the beginning of the design process
of the workshop. The activities had some important elements to be discussed in details.

These elements were group work, worksheets, materials, and explanations.

The activities were designed for group work that is favored by constructivism, which
enables learning with creating meaning from experience (Bednar et al., 1995). The size of
the groups was 4-5. In each group, one prospective teacher called “mentor” facilitated the
activities. They facilitate learning by encouraging for inquiry, exploration and give guiding
to groups at the beginning and during the activities. Meanwhile, students were actively
participated to the learning process by doing hands-on activities, taking responsibility in
group work, filling out given activity sheets, and sharing and discussing activity results.
The researcher assigned groups randomly. Then researcher sent the arranged group list to
the teacher to check the group dynamics in order to lessen misbehaviors during the

workshop.

The activities included one individual worksheet and a group worksheet. Individual
worksheet questions had two parts. First part had to be answered before the activity. It
provided answers for the question of “what students have already known?” Second part
had to be answered after the activity. It provided answers for the question of “what sort of
knowledge students have gained?” At the beginning of the activity, mentor gave one
individual worksheet to members of the group. After they fill out the first part of the
individual worksheet, mentor selected one student and gave him/her the responsibility to

fill in the group worksheet according to common group answers. Group worksheets had
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three main parts. First part had to be answered before the activity. It provided answers for
the question of “what students have already known?” It was similar to individual
worksheet, but main difference was that it was expected to get group answers after a group
discussion. Second part consisted of questions that helped students to follow hands-on
activities and to help them to make observations in details. In each question, groups were

asked to give an answer to questions and to write their answers to group worksheet.

The role of the mentors here was encouraging students for inquiry and exploration
with the open-ended questions covered in the worksheet. Third part of the group worksheet
was similar to the second part of the individual worksheet. This part had to be answered
after the activity. It provided answers for the question of “what sort of knowledge students
have gained?” Students filled in the second part of the individual worksheet before filling
in the last part of the group worksheet. After each activity, mentors collected both

individual and group worksheets to be evaluated.

As it was mentioned before, activities form the main structure of the workshop. This
workshop, which was designed as an introduction to nanoscience and nanotechnology
workshop, had an important aspect that it introduces the main concepts of nanoscience and
nanotechnology with five different hands-on group activities. As it was explained, two
different kinds of worksheets were provided for each activity separately. Other element
that activities had common was an explanation part involves at the beginning or in the
middle of the activities. Each activity sheet consisted of one or two activities in it. These

activities were also called “missions” in the activities.

In the following sections, each of the five activities was summarized with their
purposes. Individual and group activity sheets for each activity can be found in Appendix F

in details:

Activity 1, “Makasla keserek nano boyuta kiiciiltebilir miyiz?-Can we cut down into
nanoscale?” was adapted from the activity “Cutting it Down” which was created by
Nanoscale Informal Science Education (NISE). The purpose of this activity was making
students understand that nanoscale is very small and that scientists working at nanoscale

require special tools. This activity required fifteen to twenty minutes. As similar to other
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activities, first students filled out the individual worksheets then they started to work on

group activity sheet.

At the beginning of the activity, each student was given 150 mm x 5 mm piece of
paper and a pair of scissors. Mentor of the group told the group what the paper’s
dimensions were. It was also mentioned that they were also given a calculator, a ruler, and
a data worksheet that they could record the times of cut and size of the cut paper. Mentor
told the group to begin cutting the strip of paper crosswise and to continue cutting it in half
as many times as they can. Students were reminded to keep track of the number of cuts

they made and to record them to their data worksheet.

After groups were done with cutting till the paper became impossible to cut with
scissors, the mentors asked students to fill in the questions on their activity sheet.
Questions asked students to guess how many times they could think of cutting the paper
before it became impossible to cut with the scissors; the size of the smallest paper that they
could have, if macro scale objects, like scissors could be used on the nanoscale or not,
whether they thought of any way to cut the paper any smaller, number of times they would
have to cut the paper to reach a 1 nanometer long piece. After they answered these
questions as a group, each student filled in the individual activity sheet and wrote their

conclusion about the activity, and then they filled in the group activity sheet for the same

purpose.

As a closing process, the project leader showed few slides (See Appendix G) that
summarized the answer of the questions and purpose of the activity. The rationale of this
activity was to draw attention to how small nanoscale is and that scientists working at

nanoscale require special tools rather than using macroscopic devices.

Activity 2, “Nano boyutta nasil goriiyoruz?-How can we see in nanoscale?” involved
two different missions. One was Black Box activity; the second one was finding an
unknown object’s size in a closed box. The first activity was adapted from the activity
“Black Box” which was one of the laboratory activities included in “Tools of the
Nanosciences” chapter of NanoSense Project. In this activity, students aimed to understand

how scanning probe microscopes for seeing and manipulating increase our ability to
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investigate and innovate. The other point was to get students thinking about how the
scanning tunneling microscopes (STM) which is a type of scanning probe microscope give
us a picture of the surface of the atoms and how challenging is to use nano metric size

probes in these microscopes.

As similar to other activities, first students filled in the individual worksheets then
they started to work on group activity sheet. This activity gave students to use different
probes to “see” the surface of a closed box in which the bottom of the box was covered
with unknown materials. As the equipments of the activity; one shoebox, three different
probes: cotton swab probe, a very thin wooden stick and a thick wooden stick, was given
to each group. For the preparation of the box, variety of objects of different compositions
and shapes such as beads, Lego, metal needles in various arrangements and patterns were
glued to the bottom of each box. Each group received their own unique surface in box and
work with their own set. Then, a small hole was cut close to top of the box, so that students
could reach all the parts of the bottom surface. At the beginning of the activity students
were asked to place three of the probes one by one to the center of the hole and guess what
the bottom of the surface looks like. And they were also asked to draw a rough sketch of
the surface on the chart in their group activity sheet. After completing this chart, three
questions were asked to students. “What kinds of information about the bottom surface
were you able to deduce?”, “Which probe helps you to get a better idea of what the bottom
surface looks like?”, and “What happens if you press too hard on the surface or the
pattern?” This first part of the activity required 15 minutes, after completing this part,
mentors introduced the second part of the mission. The purpose of the activity was to find
out shape and size of an object, which was placed in a closed box. By doing this activity,
students might understand the working mechanism and the principles of Scanning Probe
Microscopes. The materials used in this activity were, one rectangular shape plastic object
glued in an empty box, a sewing awl and a calculator. Mentors explained students that by
using a sewing awl and moving it up and down on the box, they would designate the place
of the object and calculate its size and tell the shape of it. The guiding questions were
“What is the shape of the object in the box?” “What is the size of the object?” After all
groups could answer the questions, the project leader gives a presentation that was about
15 minutes. This presentation included basic information on the principles of two types of

scanning probe microscopes, which were scanning tunneling microscope and atomic force
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microscope. The usage areas of these types of microscopes, which were STM and AFM
with respect to nanotechnology, were also emphasized. Short videos and animations of
STM and AFM were shown. In the last two workshop implementations, new slides about a
visit to Bogazici University Research and Development Center had been included to the
presentation. The content was about two short interview videos. The first interview was
conducted with a researcher who is responsible from Electron Microscopy; the other
interview was conducted with a research assistant who is responsible from AFM. Since
most of the students at least heard the term of electron microscope had an opportunity to
hear basic principles and saw how an electron microscope works from a real researcher.
AFM was a brand new microscope for many students. It was also an opportunity for them
see a real AFM microscope that is commonly used in various research and developments

in Bogazici University.

After introducing the microscopes, groups were asked to respond two questions
“What do you think that box and stick represents in the first activity “What do you think
that box and sewing awl represents in the first activity?” Then, project took each group’s
response and let them to compare their answers with the answers on the in the presentation.

The activity concluded with filling in individual and group conclusions.

Activity 3, “Lotus yapraginin sirrin1 ¢ozelim.-Solving the mystery of lotus effect”
was adapted from “Lotus Leaf Effect” activity that was created by University of
Wisconsin-Madison Materials Research, Science and Engineering Center (MRSEC). This
activity had also consisted of two missions (See Appendix H). The first activity was called
“Water Repellent Test”. Before the test, mentors gave two different leaves to each group.
All needed to do was dropping one drop of water on each of leaves from a pipette.
Students were asked to describe the shape of the water droplet on leaves and to compare
these two leaves according to the shapes of water droplets on them. This observation
proceeded with two questions “Why do you think that water droplets take such shapes?”
“Observe what happens if you apply force on water droplet. Does its shape change? If yes,
explain why”. Students discussed the answers and wrote a group decision. The next step
was testing water repellent on four different fabrics. Fabrics were cotton fabric, synthetic
fabric, nano fabric and nano-coated fabric. Students were asked to observe if the fabrics

were water repellent or not and to describe the shape of the water droplet on fabrics. Then,
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two questions were asked, as “Are there any similarities between your observations of
water droplets on leaves and fabrics “Do you think every water resistant fabric is water
repellent?” The group answers were followed by the presentation, which was to explain
the reasons behind observing water repellent surfaces. It started with discussion of group
answers to water repellency test. Then, the project leader asked students if they heard
about the terms of “hydrophilic” and “hydrophobic”. After responses of students were
taken, “hydrophilic and hydrophobic surfaces” were introduced. At this point, a lotus plant
was shown to students and was asked if they had recognized this plant or not. Since lotus
plant was an example to hydrophobic surfaces, a short video was introduced to show how a
water drop stays and takes a perfect spherical shape on a lotus plant. Then some pictures of
lotus plant’s scanning electron microscope (SEM) analysis were shown to students to
emphasize the properties of its unique structure. Lotus plant has wax crystals, which
actually make the surface of the leaf rough. This nano and micro sized wax crystals make
lotus plants “super hydrophobic”. At this point, the concept of “contact angle” was
introduced to students by emphasizing that measurement of contact angle is necessary to
decide if a surface is hydrophilic or hydrophobic. Moreover, the scientific principles of
“Lotus Effect” discussed with students. The project leader emphasized the concepts of
“Surface Tension” and “Intermolecular Forces”. The meanings of these two concepts were
asked to students. The chart that showed the classification of surfaces as super
hydrophobic, hydrophobic, and hydrophilic and super hydrophilic according to surface
angles had shown to students. In order to relate the water repellent test activity of leaves
and fabrics with these new concepts of contact angle, hydrophobic and hydrophilic
surfaces, groups were asked to specify each leaf and the fabric as super hydrophobic,

hydrophobic, hydrophilic and super hydrophilic according to estimated contact angles.

After this discussion, “contact angle instrument” which belonged to chemistry
department in Bogazici University was introduced to workshop participants. The research
assistant from chemistry department did this demonstration. During the contact angle
measurement demonstration, one piece of nano-coated tissue paper, one piece of normal
tissue paper, nano fabric and a normal cotton fabric were used as samples. This gave
students a chance to learn how contact angle is measured and to see the difference between

super hydrophobic, hydrophobic, hydrophilic and super hydrophilic surfaces.
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Contact angle measurement, was followed by the second mission, which was about
“self-cleaning” property. The idea of this activity was to understand the self-cleaning
concepts that were related to Lotus effect, which is an important principle in nanoscience
and nanotechnology. Before starting the activity, students were given one hydrophobic leaf
and a nano fabric. They were asked to put some black pepper that represents dust on the
leaves and to add some drops of water with a pipette to the contaminated surface and to tilt
the leaf so that the drops can roll away. The mentors guided the students to fill in the
observation chart. Afterwards, the principle of self-cleaning effect was explained and some

SEM analysis of lotus leaf while dust was rolling away with the water droplet.

To help students understanding and making this new knowledge meaningful, these
Lotus effect and self-cleaning principles and nanotechnology applications that were based
on these principles were introduced. The subjects emphasized were briefly given as “Lotus
effect on nano-coated surfaces”, “Lotus effect in textile applications”, “Biomimetics:

gecko and jumping spider”, “nano-coatings for self cleaning”. This presentation was given

in Appendix H.

Activity 4, “Nanoteknolojinin getirdigi riskler ve faydalar.-Discussion about risks
and benefits of nanotechnology” conducted in two different ways. Two of the schools
conducted the activity by separation of the whole group into two big groups. In other
words, three groups out of six combined and formed one group; the rest three groups
combined and formed another group. One group was asked to list risks of nanotechnology;
the other group was asked to list benefits of nanotechnology. When the group works were
completed, groups shared their opinions and reached to a consensus. This discussion part
was followed by a short presentation (Appendix I) that summarized some of risks and
benefits of nanotechnology. Second way of conducting this activity was that each group,
work in their small groups to discuss and list both risks and benefits of nanotechnology.
When the group works were completed, groups shared their opinions with other groups.
This discussion part was followed by a short presentation that summarizes some of risks
and benefits of nanotechnology. The different ways were followed since researcher would

compare and would decide which way of application was effective.
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The last activity, Activity 5, “Kendi nano iiriiniinii yarat.-Create your own nano
product” asked each group to design a nano product. There was no revision on this activity,
so it was similar to the one in first implementation. Nano related product design followed
by group presentations. It was the end of the activities. Students introduced BU NANO
facebook group, their emails were collected to add them in-group by the researcher. Post-

NNAQ and post-NNCUQ were distributed.
3.5. Sample

This study was implemented in the physics education laboratory of Secondary
School Science and Mathematics Education Department in Bogazici University, in
Istanbul. Three different high schools from Istanbul attended to the workshops. Two of the
schools were private schools and the other was a public school. In this study, schools were
named as Prl, Pr2 and Pu. Since two different classrooms of the same public school
attended in two different times; first attended classroom named as Pul and the second
attended classroom named as Pu2. Prl was the first private school that attended the
workshop; Pr2 was the second private school that attended the workshop. All schools were
selected due to their convenience for the researcher. Since the workshops took place during
a whole weekday, first the researcher contacted with several schools and announced the
workshop and the days that workshops were planned. Three schools accepted to participate
in the workshop and bring their students to Bogazici University. It was planned to specify
two private schools and two public schools. This also meant that the workshop planned to

be conducted four different days.

The sample of the study planned to be consisted of 102 students in total. Only 6 of
them were 12" graders, the rest were 11™ graders. Fifty-two students were from private
schools. Only 6 of them were 12™ graders from Pr2. Moreover, 50 students from public
school consist of two different classrooms; Pul and Pu2. However, on the workshop day,
some of the students did not show up. Then, sample size reduced to number of 79 students
in total. The number of students attended to workshop from Prl was 18; from Pr2, 19 (6 of

them were 12 graders); from Pul, 17 and from Pu2, 25 with full attendance.
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The researcher planned to include only 1"t

grade science students to this workshop
series. On the other hand, the reason of having six of 12" graders in the workshop was, the
chemistry teacher of Pr2 wanted these students to attend this workshop, since they would
graduated at the end of the year and it would be good to inform them about emerging
nanotechnology. For the rest of the students, there was no special selection process. The
chemistry teachers took their whole class to this workshop as if they were attending a

scientific field trip, which took place at a university. As a result, there was also no control

group in this study. The researcher who was also called project leader led the workshops.

Table 3.2. Sample of the study.

Private or Public Grade Level Teacher Number of
Students
Prl Private 1" Teacher Prl 18
Pr2 Private 12" Teacher Pr2 19
Pul Public e Teacher Pul 17
Pu2 Public e Teacher Pu2 25
Table 3.3. Frequency table for the sample.
Gender
Grade Female Male Total
Prl 1" 6 12 18
1" 5 9
Pr2 19
120 1 5
Pul 1" 10 7 17
Pu2 1" 10 15 25
Total 32 49 79
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3.6. Design

The aim of the study was to develop a nanoscience and nanotechnology workshop
(NNW) and determine the effectiveness of it by examining the change in the nanoscience
and nanotechnology awareness of 11™ grade high school students and also examining their
conceptual changes on nanoscience and nanotechnology related concepts. And also the
video recordings, artifacts and notes taken by the researcher were analyzed to determine

the effectiveness of the workshop.

As a conclusion, obviously, this study was designed as a mixed method research. It

consisted of both quantitative and qualitative parts.

As quantitative parts; examining the awareness and the conceptual change of
students with developed instruments for both private and public school students could be
considered. The data obtained from private schools and the data obtained from public
schools were compared. Also comparison between two private schools and comparison
between two classes of the same public school were done. As a result, first way to analyze
the effectiveness of the workshop was using by pre-test-post-test design (pre-experimental

design).

Also in the qualitative part, examination of the awareness and the conceptual change
of students were done by conducting pre and post interviews. Additionally, each group
work was video recorded separately and every artifact from workshop was collected by the
researcher during the workshop. But these video recordings were not analyzed for this

thesis.

Therefore, the effectiveness of NNW was analyzed under mixed type of research
that quantitative part was planned as pre-experimental design (pre-test-post-test design)
and in the qualitative part, the interviews were conducted before and after the workshop.
Add to this, video recordings, observation notes and artifacts were other main source for

qualitative analysis.
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3.7. Instruments

In this study, five different instruments were used. They were ‘“Nanoscience and
Nanotechnology Awareness Questionnaire (NNAQ)” (See Appendix A), “Conceptual
Understanding of Nanoscience and Nanotechnology Questionnaire (NNCUQ)” (See
Appendix B), “Workshop Evaluation Questionnaire (NNWEQ)” (See Appendix C) and pre
and post-interview questions. The first two instruments were developed to determine
students’ awareness and conceptual understanding in nanoscience and nanotechnology.
The third one was developed to learn students’ feedbacks and recommendations about the
workshop. The interview questions were developed to get more detailed information about

students’ views and knowledge about nanoscience and nanotechnology.

3.7.1. Nanoscience and Nanotechnology Awareness Questionnaire (NNAQ)

Taking the items of “Nanotechnology Awareness Instrument”, which was developed
by Dyehouse et al. (2008) as reference, developed the Nanoscience & Nanotechnology
Awareness Questionnaire (NNAQ) (See Appendix A). In their article, the authors stated
that this instrument might be useful for K-12 teachers who want to determine pre-post
awareness and exposure to nanotechnology and how to affect students’ motivation and
factual knowledge to further studies in nanotechnology. Add to this, the instrument was
designed for use before and after an intervention or program so that pre and post

differences could be obtained.

However, the nanoscience and nanotechnology awareness instrument of this study
did not completely adapted from Nanotechnology Awareness Instrument, which was
developed by Dyehouse et al. (2008). The items of nano-awareness and nano-exposure,
nano-motivation subscales were taken as examples, since the three subscales appeared to
be reliable measures of awareness, exposure and motivation. Internal consistency
reliability was stated as high for the subscales by the authors of the study. Cronbach’s
alpha for the nano-awareness was o= 0.91, nano-exposure was o=0.82 and nano-
motivation has was a=0.94. These coefficients indicated a satisfactory level of internal
consistency reliability. The construct validity of the instrument was analyzed by

exploratory factor analysis. As it is recommended to use the “Nanotechnology Awareness
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Instrument”, which was developed by Dyehouse ef al. (2008) with variety of students and
interventions designed to encourage interest in nanotechnology, the items of the original
instrument revised by the researcher and some items were changed with new items. Before
implementing this instrument (NNAQ) in workshops, for the reliability of the instrument, a
pilot-test was conducted before the workshop with the students who had no experience or
any knowledge about the nanotechnology workshop. The Cronbach’s alpha for the entire

scale was calculated as a=0.89.

The Nanoscience & Nanotechnology Awareness Questionnaire (NNAQ) was
composed of one part that has 20 items. Colleagues and experts in educational research and
scale construction reviewed the items. Such review of the items and their face validity led
to the deletion, modification and inclusion of new items prior to field-testing. Three items
were extracted from an initial 23-item first version of scale administered one time to 10

preservice teachers who were attending science, technology and society course.

In completing NNAQ, respondent students were asked to report their awareness of
nanoscience and nanotechnology as high school students by using a 5-point Likert-type

scale with 1 (strongly disagree), 2 (disagree), 3 (undecided), 4 (agree), 5 (strongly agree).

The 23 items of initial version of instrument was reflecting a prior understanding of
the literature. The content validity of the instrument was established by factorial analysis
of variances and items, which were categorized in subscales. The reliability analysis of the
instrument was conducted with the data obtained from each workshop. Cronbach’s alpha
and item- total correlation coefficients were computed to find the internal consistency of
the instrument. Reliability analysis was conducted with both the pre and posttest scores of

the students participating to the study from the public and private school.

The instrument was administered to 79 high school students from three different
schools. In each workshop, the instrument was given to students as a pre-test before the
study when students had no experience related to the science center visit. The instrument

was also given to the students at the end of the workshop.
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3.7.2. Nanoscience & Nanotechnology Conceptual Understanding Questionnaire
(NNCUQ)

Nanoscience and Nanotechnology Conceptual Understanding Questionnaire
(NNCUQ) (See Appendix B) was designed, based on the conceptual understanding of
nanoscience and nanotechnology instruments found in literature. The instrument was from
a research study of Akaygiin (2010a, b) which was presented as a poster in 10" European
Conference on Research in Chemistry Education (ECRICE) and presented as a paper in 9t
National Science and Mathematics Education Congress. The common points in suggested
instruments were taken into consideration, revised and added to NNCUQ as items. Tertiary
Students Nanoscience/Nanotechnology Survey (Akaygiin, 2010a, b) consists of two parts.
One part measures “understanding of scale” and the second part measures “awareness of
nanoscience and nanotechnology”. “The Understanding of Scale” includes questions about
putting the given twelve species such as water molecule, virus, red blood cells in size
order, writing the approximate size of them by using the same unit (meters or nanometers),
grouping them according to their relative sizes and writing down the equivalents of given
scales in meters. The subsections of this study also suggested in the measurement of size
and scale understanding literature. One research study of Delgado (2009) emphasized the
importance of understanding size and scale in science education. In the study of Delgado
(2009), a size and scale interview conducted. This interview also asked questions related to
ordering by size of the objects such as diameter of an atom, diameter of a virus and
diameter of a cell from largest to smallest, making groups of objects with similar size,
estimating approximate size of the objects in terms of a familiar object and also estimating
absolute size. These selected objects were specified as scientifically important objects that
are potential landmark objects (as cited in Delgado, 2009). It was also important to include
submicroscopic objects, since students’ accuracy for submicroscopic objects is lower

(Tretty et al., 2006).

According to these common subsections, this instrument (NNCUQ) had an
“Understanding of Scale” part that consisted of questions about putting given ten species.
These are; water molecule, virus, red blood cells, width of a human hair, head of a pin,
width of DNA, bacillus bacteria, electron, size of oxygen atom in size order, writing the

approximate size of them in terms of a familiar object which is a pin head with 1 mm,
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grouping them according to their relative sizes. Writing down the equivalents of given
scales in meters part were not included in questionnaire since it is assumed that students

know how to convert one scale to another.

Other than the “Understanding of Scale” part, the instrument (NNCUQ) had two
more parts. First part was about “Understanding of Nanoscience and Nanotechnology”;
this part included questions like “have you heard about the given terms?” (The terms
mentioned here were nanoscience, nanotechnology, nano particles, and carbon nanotube,
scanning tunneling microscope (STM) and/or atomic force microscopy (AFM)). The items
were in multiple-choice format. Choices are “a) I haven’t heard this term, can’t explain,
b) I have heard about it but I can’t explain what it means: c) I have heard. I think...”. If
the third choice had selected, it would require an explanation. Apart from this, there was
also a second question in open-ended format. This question looked for the information
about students’ knowledge of any applications of nanotechnology. The question was “Do
you know any applications of nanotechnology If yes, in which fields? Give examples.

Where did you hear about them?”

The last part of the Instrument (NNCUQ) was “Forces and Interactions”. This part
with three open-ended questions was added since the concepts of intermolecular forces,
hydrophobic and hydrophilic and surface tension were the basis to understand important

principles such as Lotus Effect has introduced in workshop in details. The questions were:

i. “Su damlasi bir zemin iizerinde yuvarlak sekilde duruyor. Bu zeminin 6zelligi
hakkinda ne sOyleyebilirsiniz? - A water drop stays with its spherical shape on a

surface. What can you tell about the properties of that surface?”

ii. “Bir tiir kertenkele olan geckolarin kirli bir ylizeyde yiiriirken ayaklarinin
kirlenmemesinin nedeni ne olabilir? - When a gecko, which is a type of a lizard,

walks on a dirty surface, its feet keep clean. Why do you think that happens?”’

iii.  “Bir su oriimcegi su lizerinde yiiriiyerek dolasabiliyor. Bunun nedenini agiklayabilir

misiniz? - A water spider can walk on water. Can you explain the reason behind it?”
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Before implementing this last version of the instrument, 2 colleagues and one expert
from educational and chemistry research reviewed the items. Such review of the items and
their face validity led to the deletion, modification and inclusion of new items before field-
testing. The question format of Part one, Understanding of Nanoscience and
Nanotechnology, changed to multiple-choice format. In Part two, two concepts had
extracted from an initial twelve concepts that were to put in order, and to estimate their
sizes. First version of scale administered one time to ten preservice teachers who were

attending a science, technology and course.

An answer key with points assigned to each question’s answers prepared by the
researcher. Each participant’s answers had evaluated and scores taken from three parts
separately and total score were calculated. Colleagues and experts to increase the inter-

rater reliability also reviewed the answer key and the points to answers.

3.7.3. Nanoscience and Nanotechnology Workshop Evaluation Questionnaire

(NNWEQ)

“Nanoscience and Nanotechnology Workshop Evaluation Questionnaire” contained
twelve open-ended questions (See Appendix C). These questions measured participants’
ideas and opinions about the components of the workshop. First component was the
workshop itself. The purpose of the questions related to workshop itself was to learn
participants’ views about workshop. The questions asked the most/least informative part,
the most/least impressive thing, the most/least enjoyable part. In addition, students were
asked to list three things to keep/omit in the workshop. There were also questions about
other components of the workshop. These components were “the project leader” and the
“mentor of the group”. Students asked to state any suggestions for improvement of the
workshop. In addition, students were asked whether they would participate in another

workshop in the future.

After completing the analysis of the evaluation form, a general view of students
about the workshop obtained. Any recommendation and suggestion came from students

were taken into consideration for other implementations of the workshop. Students’
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perspectives, opinions and needs should be taken seriously to develop a more effective,

interesting and enjoyable workshop in the future.

3.7.4. Pre Interview Questions of Nanoscience and Nanotechnology Workshop

In order to explore students’ previous knowledge, understanding and expectations
from workshop, the researcher conducted a structured interview with twelve questions (See
Appendix J). Each interview almost took 10-15 minutes long. Each one-by-one interview

audio recorded.

The questions were adapted from Akaygiin’s (2010a, b) study. The questions formed
parallel to the Nanoscience and Nanotechnology Awareness Questionnaire (NNAQ) and
Nanoscience and Nanotechnology Conceptual Understanding Questionnaire (NNCUQ).
The parallel questions allowed researcher to determine whether students are consistent
with their answers. Colleagues and experts for clarifications and completeness revised the

questions.

Researcher asked students to describe themselves briefly. Then students were asked
to state the field of work they want to choose in the future. In relation to nanoscience and
nanotechnology, students explained if they heard nanoscience and nanotechnology terms
before or not. If the responses were yes, the researcher wanted students to state where they
saw these words before and what these words mean to them. Researcher wanted students to
explain what they have already known in details and if they have heard about any recent
nanotechnology research. Then, nanoscientific terms: nano particles, carbon nanotubes,
scanning tunneling microscopes (STM) and Atomic Force Microscopes (AFM) were told
to students and asked if they sound familiar to them. After this question, students were
asked to give some examples to possible risks and benefits of nanoscience and
nanotechnology bring. Add to this, researcher wanted students to consider themselves as a
citizen and told if they saw themselves as a scientifically literate person in terms of
nanoscience and nanotechnology. Students were asked to state the nanoscience and
technology related thing that they are most curious about and have desire to learn.
Researcher also asked if students would like to attend nanoscience and nanotechnology

related lesson in school. Since this interview conducted before the workshop, researcher
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told students to mention their expectations from workshop and if they were voluntarily
attend the workshop or not. The interview ended with by asking students whether they

wanted to ask or to add something or not.

3.7.5. Post Interview Questions of Nanoscience and Nanotechnology Workshop

The post interviews were conducted 3-4 weeks after workshop implementations. The
interview questions included pre interview questions and some of the NNWEQ questions
in it. This enabled the researcher to make comparisons. According to results of this
comparison, the effect of workshop on students’ understanding and awareness were
obtained. Addition to these questions, students were also asked whether attending this
workshop increased their understanding of nano related concepts or not. Students were
asked to explain their thoughts. Related to workshop, students were asked to state which
concepts they had difficulty to understand the most and the least. Add to this, the
researcher wanted students to state the most informative part of the workshop and also the
most impressive thing they learned during workshop. It was also asked if workshop had an
effect on changing students’ personal opinions about nanoscience and nanotechnology or
not. In addition, students were asked if they could find answers to their questions about the
thing that they were most curious about. Researcher also asked if the workshop met
students’ expectations or not. Add to this, students were asked if they did a research about
nanoscience nanotechnology after the workshop. Similar to NNWEQ questions, students
were asked to state the things they suggest to omit/stay/add to workshop content.
Researcher also asked if students would like to attend a new workshop developed about
nanoscience and nanotechnology. The interview ended with by asking students whether

they wanted to ask or add something or not.

The timeline of data collection was summarized in Table 3.4
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Table 3.4. The timeline of data collection.

Data Sources Date of Data Collection

Prl Pr2 Pul Pu2

Pre-NNAQ 22.12.2010 | 29.12.2010 | 14.01.2011 | 14.01.2011

Pre-NNCUQ 22.12.2010 | 29.12.2010 | 14.01.2011 | 14.01.2011

Pre Interviews 22.12.2010 | 29.12.2010 | 14.01.2011 | 14.01.2011

Post-NNAQ 25.12.2010 | 03.01.2011 | 19.01.2011 | 20.01.2011

Post-NNCUQ 25.12.2010 | 03.01.2011 | 19.01.2011 | 20.01.2011

NNWEQ 25.12.2010 | 03.01.2011 | 19.01.2011 | 20.01.2011

Post Interviews | 26.01.2011 | 24.01.2011 | 04.03.2011 | 04.03.2011

3.8. Procedure

As it was stated before, this workshop was implemented with three different schools
in the physics laboratory of Department of Secondary School Science and Mathematics
Education in Bogazici University. Two of the participating schools were private schools;
the other one was a public school. From that public school two different classrooms of the
same grade level attended to workshop in different times. Therefore, there were four
implementations, two of them with private school (Prl and Pr2) and two of them with
public school (Pul and Pu2). In this procedure section, each implementation with these
three different schools was explained. Before these four implementations, one pilot
implementation was done with 10 prospective teachers who were taking a science,

technology and society course.

3.8.1. Mentor Training Meetings

Mentors were the integral part of this study. There were 17 mentors who were
voluntarily took part in NNW. Ten of them were senior students and seven of them were
junior students who were prospective teachers studying at Bogazici University. Majority of
these students had also voluntarily participated in Akaygiin’s (2010a, b) study, which was

about design and implementation of a nanotechnology workshop, which took place in the
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ILKYAR organizations done in 2010 and 2011. In that organization, school teachers were
the participants of the workshop. For the organization of NNW, researcher contacted with
prospective teachers via email. It was asked whether they preferred to participate in NNW.
According the responses taken, an email group called “nano group” was created for these
volunteer prospective teachers. They called mentors during the NNW. Fourteen meetings
were organized with mentors. At the beginning, it was difficult to adjust a common
meeting time. It was decided that to have the meetings after school. In the first two
meetings, the mentors from ILKYAR organization were attended. They were asked to

invite their friends to join the group.

During the meetings, role of the mentors, content of the NNW and any organization
details such as arranging schools were discussed. The content of the activity; including
activities, presentations, worksheets, materials were revised and formed. Before the
implementations, activity stations were prepared, materials were checked and each activity
was tried by the mentors to avoid any mistakes. Researcher offered reading materials to the
mentors to enhance their understanding about nanoscience and nanotechnology. The

timeline of the mentor training meetings summarized in Table 3.5.

In NNW, mentors took different responsibilities. Participants for NNW were divided
into six groups, and two mentors coordinated each group. The other mentors shared
different responsibilities which were; welcoming participants, taking photographs,
recording videos, controlling the computer during the presentations, arranging the
materials, assisting group mentors, taking participants to a campus tour. After each
implementation, mentors were gathered together in order to review the day. According to

the collected suggestions, some revisions were done for the following implementations.

Table 3.5. The timeline of the mentor training meetings.

Number of Date of the .
Meetings Meeting Content of the Meeting
1 18.10.2010 General introduction
General introduction cont.
2 27.10.2010
Sharing ideas about the organization of NNW
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Table 3.5. The timeline of the mentor training meetings cont.

Number of Date of the .
Meetings Meeting Content of the Meeting
3 3112010 New members joined to the group. Discussion about the content of
NNW
Introduction of the activities by the researcher. Discussion about the
4 10.11.2010 .
materials needed
Materials for each activity stations were prepared.
5 29.11.2010
Each of the activity was tried by mentors.
Pilot Implementation with Prospective Teachers - 30.11.2010
Evaluation about the pilot implementation was done.
6 13.12.2010 Suggestions for revisions for the following implementations made by
the mentors.
7 20.12.2010 Revisions of activities were done by the researcher.
Revised activities were reviewed by the mentors.
8 22.12.2010
Possible questions come from students were discussed.
Materials for each activity stations were prepared.
9 23.12.2010 o )
Each of the activity was tried by mentors.
First Implementation: Prl - 24.12.2010
Evaluation about the first implementation was done.
10 29.12.2010 Suggestions for revisions for the following implementations made by
the mentors.
11 02.01.2011 Materials for each activity stations were prepared.
Second Implementation: Pr2 - 03.01.2011
Evaluation about the second implementation was done.
12 18.01.2011 Suggestions for revisions for the following implementations made by
the mentors.
Third Implementation: Pul - 19.01.2011
Evaluation about the third implementation was done. Suggestions for
13 19.01.2011 o Lo .
revisions for the following implementations made by the mentors.
Fourth Implementation: Pul - 20.01.2011
14 20.01.2011 Evaluation about the fourth implementation was done
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3.8.2. Pilot Implementation with Prospective Teachers

Only 10 prospective teachers attended to workshop. The course duration was two
lesson hours, which was too short to cover all workshops content. Researcher planned to
cover only two hours of the actual workshop and see if time planning went smoothly and if
the introduction presentation and first two activities were clear to students. It was planned
to see the weaknesses and missing points in the workshop before real implementations
with high school students. In addition, prospective teachers’ responses obtained by
NNWEQ taken seriously and missing points tried to be completed before the first
implementation. In this first trial, individual activity papers were not completely organized
yet. For instance, in pilot testing there were five activities rather than four. First “cutting
into nanoscale activity” and the second “black box activity” were almost the same. In the
second activity, there was an extra group prediction part before the activity. This part
omitted in the following implementation. Some key questions transferred to individual
activity paper. There were too many questions follow the observation part, unnecessary
ones omitted. Third activity was completely different from the first and the latest version
of school implementations. Third activity consisted of two separate missions. First activity
called as “Create your own waterproof fabric”. In this activity, cotton fabrics and some
materials such as wax, crayons, seed, lanolin, clay, and glue were given to students.
Students were asked to devise a way to "waterproof" a piece of fabric. Afterwards, they
were asked to answer some questions according to their observations. The main idea of this
activity was to make students work in group to develop a waterproof material and compare
their results with nano water proof materials developed by scientists. This activity was
adapted from a lesson plan called “Nano Waterproofing” provided by tryNano.org. The
second mission called “Any Stains Left?” In this activity, students tested a nano fabric, one
normal cotton fabric and a semi synthetic fabric. They used different liquids such as juice,
coke, vinegar and oil. In addition, they used different solids such as ketchup, mayonnaise,
mustard and an organic soil. Using a pipette place a droplet of each liquid on each tested
fabric. After some time, students removed the liquids with a paper towel and wrote their
observations. The main idea of this activity was to make students compare their results
with nano stain resistant materials developed by scientists. Also to show as other examples

to nano applications, some nano-coated materials such as a t-shirt, a stone and a piece of
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paper tissue have shown to students. Lotus Effect, which designed as a separate activity,

could not be done due to time limitation.

As evaluation of the workshop, preservice teachers mentioned that, there were too
many questions in the second activity and they did not make a conclusion about the third
activity. In addition, the researcher examined the answer sheets of groups and realized that,
individual and group conclusions were almost missing in each group’s activity paper. This

was an important point to put emphasis on for the next implementations.
3.8.3. First Implementation: Pr1

From Prl, 28 of 11" grade students were supposed to be the sample. However,
workshop day 10 students were missing. Overall, participant number for the first
implementation was 18. The researcher contacted to head of science department of the Prl,
who was also a chemistry teacher almost a month ago before the implementation. Date and
time were arranged accordingly. A biology teacher and a physics teacher were also at

workshop only as observers.

The researcher coordinated the implementation. During the implementation students
worked in 6 groups and each group has one mentor who was a prospective teacher from
Department of Secondary School Science and Mathematics Education, at Bogazici
University. The pilot test for the NNAQ was also done at Prl. Pre-NNAQ, Pre-NNCUQ
and pre interview also used at Prl one week before the implementation. The flow of the

process in details given as:

3.8.3.1. Contact with Prl (December 12, 2010). The researcher sent an email with

attachments of the work plan, the brochure (See Appendix K) and the poster of the
workshop to the head of department of Prl. A meeting appointment arranged and head of
department visited Bogazici University and got more information about the workshop and
the study aspect of it. The dates and time for pilot test of awareness and conceptual
understanding  questionnaires, pre-awareness and pre-conceptual understanding

questionnaires and pre- interviews, workshops were set.
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3.8.3.2. Pilot testing of Awareness and Conceptual Understanding Questionnaires

(December 21, 2010). Awareness and Conceptual Understanding Questionnaires were

given to 50 students from 10" grade.

3.8.3.3. Pre-visit to (December, 22, 2010). Pre-awareness and pre-conceptual

understanding questionnaires were given to students. Also, the researcher conducted one-
by-one pre interview that takes not more than 10 minutes. The head of department selected

students.

3.8.3.4. First workshop day (December, 25, 2010). Morning session: Students had

arrived Bogazici University in the morning and they took their designated place in the
laboratory and met with their group mentors. After a brief welcoming, the researcher made
the introductory PowerPoint presentation, (Appendix D) that included a short scale activity
and ferrofluid demonstration. After the presentation, the researcher introduced Activity 1
and Activity 2. According to the revisions made after the pilot study, each activity
designed to have two kinds of activity worksheets (See Appendix E). One was “individual
activity sheet” and the other is “group activity sheet”. Before each activity, “individual
activity sheet” given to each student, then whole group worked on “group activity sheet”.
In each activity, one group member assigned to note group decisions on “group activity
sheet”. Activity 2 ended with an explanation PowerPoint presentation that includes some
videos of Scanning Tunneling Microscopy (STM) and Atomic Force Microscopy. After

that presentation, there was a one-hour break time.

Afternoon session: After lunch break, afternoon session started with Activity 3.
Since pilot study suggestions for the improvement of workshop were taken into
consideration, Activity 3 was revised. Addition to mission one and mission two in Activity
three, mission three was added. This mission was called Nano-coating test. In this activity,
students drop water on a nano-coated stone, fabric and a paper tissue and made
observations. The purpose was to make students comparisons of nano-coated materials and
nano-manufactured materials. In addition, format of the activity completely changed. It
was noted from the previous experience that, the activity sheet should not include so much
question and students should note their observations in tables. In mission two, “Any Stains

Left?” the number of materials used was reduced to three materials, which are juice,
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ketchup and muddy water. A presentation that introduces nanotechnology in the field of
textile was shown to students. The subject of “textile” was chosen, because it is a daily life
example that attracted attention. Also, nano fabrics and nano-coated fabrics were more
available than other type of nanotechnology products. After students completed to fill in
both individual and group conclusions, Activity 4 was introduced. This activity was
“Solving the Mystery of Lotus Effect” that observations were made with on two different
types of leaves and their surface properties. First observation was about to observe the
shape of water droplets on different leaves. Second observation was about self-cleaning
property. These two observations were followed by ‘“contact angle measurement”
demonstration and a presentation that introduces the concepts of “hydrophobic and
hydrophilic surfaces”, their relations to “contact angle”, “intermolecular forces” and
“surface tension”, “lotus effect”, “self-cleaning property". After that, Activity 5 was
introduced to students as a discussion activity, which was about “Risks and Benefits of
Nanotechnology”. This time, an introduction presentation had shown to students before
group discussions. In this presentation, some of risks and benefits of nanotechnology
shared with students to give them some ideas. After presentation, each group listed risks
and benefits they decided on. It continued with sharing ideas with other groups. As the last
activity, each group was asked to design a nano product. In the production process,
students were told that they should state a name for a product, state what this product is
about with details, draw a visual that represents the product and explain how it works and
find a slogan for it. Groups presented their product to other groups. It was the end of the
activities. Students introduced BU NANO facebook group, their emails were collected to

add them in-group by the researcher. Post-NNAQ and post-NNCUQ were distributed.

3.8.3.5. Follow up activity (January, 2, 2011). Students were found on facebook and

were sent invitations to join to BU Nano group. Twelve students out 18 added to the group.
Although it was told students that they could share any news about nanoscience and
nanotechnology, none of the students post anything. But, some of the students follow the

posts that were done by the researcher and mentors.
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3.8.3.6. Post-visit (January, 26, 2011). The researcher conducted one-by-one post

interviews that took not more than 10 minutes. Three of the students were also attend pre-
interviews. Researcher selected other two students according to their pre and post NNAQ

results.
3.8.4. Second Implementation: Pr2

The number of students attended to workshop from Pr2 was 19 (6 of them were 12"
graders). Although the intended sample was limited to 11™ graders, 6 of 12" grade students
were included in the study, because the researcher had to meet the request of schools that
were voluntarily attending this one-day workshop. The researcher contacted to chemistry
teacher of the Pr2 almost a month ago before the implementation. Date and time were
arranged accordingly. The chemistry teacher and a physics teacher were also at workshop

only as observers.

The researcher coordinated the implementation. The action flow of one-day
workshop was same as first implementation with Prl. Also, during the implementation
students worked in 6 groups that consisted of 3 to 5 students and each group has one
mentor who was a prospective teacher from Department of Science and Mathematics
Bogazici University. The pilot test for the NNAQ was done at Pr2. Pre-NNAQ, pre-
NNCUQ and pre interviews also implemented at Pr2 one week before the implementation.

The flow of the process in details given as:

3.8.4.1. Contact with Pr2 (December 22. 2010). The researcher sent an email with

attachments of the work plan, the brochure and the poster of the workshop to the chemistry
teacher of Pr2. The dates and time for pre test of awareness and conceptual understanding

questionnaires, pre- interviews and actual workshop date and time were set.

3.8.4.2. Pre-visit (December, 29, 2010). Pre-awareness and pre-conceptual

understanding questionnaires were given to students. Also, the researcher conducted one-
by-one pre interview that takes not more than 10 minutes. The chemistry teacher selected

students. Interviews were done during a lesson hour.
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3.8.4.3. Second workshop day (January, 3, 2011). Morning session: Students has arrived

Bogazici in the morning and they took their designated place in the laboratory and met
with their group mentors. The content of the workshop was almost same as the previous
program of Prl. There were few changes and additions in activities. These changes are

explained below in order.

After a brief welcoming, the researcher made the introductory PowerPoint
presentation that includes a short scale activity and ferrofluid demonstration. After the
presentation (See Appendix D), Activity 1 and Activity 2 were introduced. Until this point,
everything was similar to the previous implementation. Two interviews about Scanning
Electron Microscopy (SEM) and Atomic Force Microscopy (AFM) from R&D laboratory
of Bogazici University were added to PowerPoint presentation of Activity 2. After that

presentation, a one-hour lunch break was given.

Afternoon session: Afternoon session started with Activity 3. According to the
suggestions from the first implementation for the improvement of workshop, Activity 3 has
revised one more time. It was obvious that, the order of the activities missions involved in
Activity 3 was confusing for the students. In design process of the activities, researcher
thought that it would be better to start from a daily life example of application of
nanotechnology, which is nano textiles and nano-coating, then seeking answer for the
principles behind these applications, which is lotus effect. However, the suggestions of
students and group mentors and the observation of researcher lead to need for one more
revise in Activity 3. Respect to this, Activity 3 started with observations of water repellent
leaves then continues with observations on different types of fabrics which were cotton,
synthetic, nano and nano-coated fabrics. These two observations followed by “contact
angle measurement” demonstration and a presentation that introduces the concepts of

99 ¢¢

“hydrophobic and hydrophilic surfaces”, their relations to “contact angle”, “intermolecular
forces™, “surface tension” and “lotus effect”. After that, students continued with “self-
cleaning property” test. This observation followed by explanation of self-cleaning property
and its relation to Lotus effect. Presentation also introduced nanotechnology in the field of
textile and nano-coating. Biomimetics part which was also added after the first
implementation was shown. After students completed to fill in both individual and group

conclusions, Activity 4 was introduced. Since Lotus Effect included in Activity 3, Activity
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4 replaced with Activity 5, which was a discussion activity about “Risks and Benefits of
Nanotechnology”. This time, whole class separated into two big groups. In other words,
three groups combined and formed one big group; the rest three groups combined and
formed another group. One group was assigned to list the risks of nanotechnology; the
other group was assigned to list the benefits of nanotechnology. When the group works
completed, groups shared their opinions and reach to a consensus. This discussion part
followed by a short conclusion presentation that summarizes some of the risks and benefits
of nanotechnology as the last activity, each group was asked to design a nano product.
There was no revision on this activity, so it was similar to the one in first implementation.
Nano related product design was followed by group presentations. It was the end of the
activities. Students introduced BU NANO facebook group, their emails were collected to

add them in-group by the researcher. Post-NNAQ and post-NNCUQ were distributed.

3.8.4.4. Follow up activity (January, 9, 2011). Students were found on facebook and

were sent invitations to join to BU Nano group. Thirteen students out 18 added to the
group. Although it was told students that they could share any news about nanoscience and

nanotechnology, none of the students post anything.

3.8.4.5. Post-visit (January, 24, 2011). The researcher conducted one-by-one post
interviews with 7 students that took not more than 10 minutes. Two of the students also
attended pre-interviews. Researcher selected other five students according to their pre and

post Awareness Questionnaire results.

3.8.5. Third Implementation: Pul

The number of students attended to workshop from Pul was 19. The researcher
contacted to chemistry teacher of the Pul almost a month ago before the implementation.
The chemistry teacher suggested attending the workshop with two classes in separate days.
Date and time were arranged accordingly. The chemistry teacher and a physics teacher

were also at workshop only as observers.
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The researcher conducted the implementation. The action flow of one-day workshop
was same as previous implementations done with Prl and Pr2. The flow of the process in

details given as:

3.8.5.1. Contact with Pul (December, 22, 2010). The researcher sent an email with

attachments of the work plan, the brochure and the poster of the workshop to the chemistry
teacher of Pul. The dates and time for pre test of awareness and conceptual understanding

questionnaires, pre- interviews and actual workshop date and time were set.

3.8.5.2. Pre-visit to Pul (January, 14, 2010). Pre-awareness and pre-conceptual

understanding questionnaires were given to students. In addition, the researcher conducted
one-by-one pre interview that takes not more than 10 minutes. The chemistry teacher

selected students. Interviews were done during a lesson hour.

3.8.5.3. Third workshop day (January, 19, 2011). Morning session: Students arrived in

Bogazici University in the morning and they took their designated place in the laboratory
and met with their group mentors. The content of the workshop was almost same as the

previous program of Prl and Pr2. There were only few changes in activities.

After a brief welcoming, the researcher made the introductory PowerPoint
presentation (See Appendix D). After the presentation, Activity 1 and Activity 2 were
introduced. PowerPoint presentation of Activity 2 had some revisions. Two interviews
about Scanning Electron Microscopy (SEM) and Atomic Force Microscopy (AFM) from
R&D laboratory of Bogazici University were edited and got shortened. Because, the results
of previous implementation’s workshop evaluation showed that the interview videos were

too long. After that presentation, a one-hour lunch break was given.

Afternoon session: Afternoon session started with Activity 3. This time, no revision
needed and activity was done in the same order. Activity 3 started with “water repellent
surface” test, which starts with observations on leaves then continues with observations on
different types of fabrics. These two observations followed by “contact angle
measurement” demonstration and a presentation that introduces the concepts of

99 ¢

“hydrophobic and hydrophilic surfaces”, their relations to “contact angle”, “intermolecular
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forces™, “surface tension” and “lotus effect”. After that, students continued with “self-
cleaning property” test. This observation followed by explanation of self-cleaning property
and its relation to Lotus effect. Presentation also introduced nanotechnology in the field of
textile and nano-coating and some examples of biomimetics. The Activity 4, discussion
activity about “Risks and Benefits of Nanotechnology” was introduced. Similar to the first
implementation, each group work in their smalls group and discuss and list both risks and
benefits of nanotechnology. When the group works completed, groups shared their
opinions with other groups. As the last activity, each group was asked to design a nano
product. There was no revision on this activity too. Nano related product design followed
by group presentations. It was the end of the activities. Students introduced BU NANO
facebook group, their emails were collected to add them in-group by the researcher. Post-

NNAQ and post-NNCUQ were distributed.

3.8.5.4. Follow up activity (January, 23. 2011). Students were searched on facebook

according to their names. Nevertheless, researcher could not easily found most of the
students on facebook, since there was many research results show up for same name so
that invitations could not send to students from Pul. Although it was told students that they
could also find the BU NANO group on facebook and be a member of it, no one join the
group by themselves. However, the chemistry teacher of the Pul also mentioned that when
BU NANO name was searched, she also could not find the group. Because of this technical

problem, facebook group did not function as it was planned.

3.8.5.5. Post-visit (March, 1* week, 2011). The researcher conducted one-by-one post

interviews with students that took not more than 10 minutes. The date arranged according

to the program of chemistry teacher in Pul.

3.8.6. Fourth Implementation: Pu2.

The number of students attended to workshop from public Pu2 was 25. Only the

chemistry teacher attended at workshop as observer.

The researcher coordinated the implementation. The action flow of one-day

workshop was same as previous implementations done with Prl, Pr2 and Pul. Since Pu2 is
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the other class of Pul, arrangement of date and time, pre visit to school including pre-
awareness and pre-conceptual understanding questionnaires and pre- interviews were done

on the same day with Pul.

3.8.6.1. Fourth workshop day (January, 20, 2011). The flow of the process was same as

the previous third implementation. During morning and the afternoon, the Activity 1/2/3
and Activity 5 were done in the same order with the same content. Only Activity 4 was
differ than the implementation of Pul, but similar to the implementation of Pr2. The idea
behind this difference was to decide which way was more effective in terms of students’

active participation. Post-NNAQ and post-NNCUQ were distributed.

The follow up situation was also same for Pu2 as Pul since they represent two
classrooms of the same school, Pul. Moreover, post visit to Pu2 was done on the same day

with Pul.

The timeline of implementations is summarized in Table 3.6.

Table 3.6. The timeline of nanoscience and nanotechnology workshop (NNW).

1" NNW Prl 2" NNWPr2 3" NNW Pul 4™ NNW Pu2
Contact with 12.12. 2010 22.12.2010 22.12.2010 22.12.2010
Schools
Pre-visit 22.12.2010 29.12.2010 14.01. 2011 14.01. 2011
NNW 25.12.2010 03.01. 2011 19.01.2011 20.01. 2011
Follow-up 02.01. 2011 09.01. 2011 23.01. 2011 23.01.2011
Post-visit 26.01.2011 24.01. 2011 04.03. 2011 04.03. 2011
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4. DATA ANALYSIS AND RESULTS

This section includes statistical analysis of three research questions. Depending on
the nature of the questions, qualitative and quantitative analysis were done. The first
question was “Will there be any change in 11" grade students’ awareness of nanoscience
and nanotechnology after attending NNW?” This question tested whether there is any
difference or not in students’ awareness of the aspects of nanoscience and nanotechnology.
The second research question was “Will there be any change in 11" grade students’
conceptual understanding of nanoscience and nanotechnology after attending NNW?”” This
question tested whether there is a progression or not in conceptual understanding of the
aspects of nanoscience and nanotechnology. The first two research questions involve the
statistical analysis of different comparisons across the groups. The comparisons are for “all
participants”, “private versus public schools”, “Participants with respect to their groups”.
The third research question was “What are the outcomes obtained from student generated
products as result of attending NNW?” This question tested to obtain detailed information
about students’ awareness and understanding of the aspects of nanoscience and
nanotechnology. «pnd question of NNCUQ”, “group discussion of benefits and risks of

nanoscience and nanotechnology”, “designing a nano product poster activity”, “evaluation

of NNW” and “interviews” were analyzed to answer third question.
4.1. Statistical Analysis of Research Question 1

e Research Question-1: Will there be any change in 11th grade students’ awareness of
nanoscience and nanotechnology after attending Nanoscience and Nanotechnology

Workshop (NNW)?

e Hypothesis 1: There will be a significant increase in 1™ grade students’ awareness
of nanoscience and nanotechnology after attending Nanoscience and

Nanotechnology Workshop (NNW).
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e Null hypothesis 1: There will be no significant increase in 11" grade students’
awareness of nanoscience and nanotechnology after attending Nanoscience and

Nanotechnology Workshop (NNW).

Four different classes from three different schools participated in this study. These
four classes included two classes from two different private high schools (Pr1 & Pr2) and

two classrooms from one public high school (Pul & Pu2).

Null hypothesis 1 was tested based on three different comparisons between these

participating classes. The sample group comparisons were done as follows:

e Comparison 1: All the students were considered as one single group, and NNAQ-pre
and NNAQ-post scores were compared. Whole sample was used for evaluating

NNW?’s effect on students’ nanoscience and nanotechnology awareness.

e Comparison 2: Public and private schools were compared with respect to their
NNAQ-pre and NNAQ-post scores. Two classes from the public high school were
compared with the two classes from the private schools to evaluate if any differences

among public and private schools.

e Comparison 3: Four groups were compared separately to evaluate the effect of NNW

on nanoscience and nanotechnology awareness of students in different classes.
The data analysis of NNAQ for each group comparison is given below.
4.1.1. Comparison of All Participants

To analyze the effect of workshop on the awareness of 79 participants, a one-way
analysis of variance (ANOVA) was conducted to compare the effect of school background
on nanoscience and nanotechnology awareness in terms of NNAQ-pre test. “ANOVA is a
parametric test of significance used to test for a difference between two or more means at a

selected probability level” (Gay et.al., 2006, p. 606). Before grouping all the participants
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as one large group, the classes were compared with respect to their prior awareness of

nanoscience and nanotechnology.

Table 4.1. Descriptive statistics about NNAQ-pre scores for each student groups.

N Mean S.td'. Std. Error | Minimum Maximum
Deviation
1 18 40.78 16.254 3.831 21 78
2 19 41.11 8.353 1.916 23 56
NNAQ-

pre 3 17 34.65 14.709 3.568 20 70
4 25 43.08 11.431 2.286 25 72

Total 79 40.27 12.958 1.458 20 78

Table 4.2. One-way ANOVA results on NNAQ-pre scores for student groups.

Sum of Squares df Mean Square F Sig.
Between Groups 752,795 3 250.932 1.525 215
NNAQ- pre
Within Groups 12344.623 75 164.595
Total 13097.418 78

ANOVA test results showed that there was no significant effect of school
background on pre-test scores of NNAQ at the < .05 levels for the conditions, hence all the

groups were considered as one large sample for the first comparison.

Since, NNAQ-pre test scores of student groups did not significantly differ from each
other, all participants were also considered as one group and paired samples t-test was
applied. Paired samples t-test was applied to compare nanoscience and nanotechnology
awareness in NNAQ-pre- and NNAQ-post scores. Paired difference of NNAQ-pre- and
NNAQ-post scores was calculated. There are 20 items and the total score of the test is 100.
As alpha (2-tailed) value shows, NNAQ-pre and NNAQ-post scores on NNAQ differed
significantly (p=. 000).
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Table 4.3. Descriptive statistics about comparing NNAQ-pre and NNAQ-post nanoscience

and nanotechnology awareness scores for all students.

N Mean Std. Deviation
NNAQ- pre 79 40.2658 12.95823
NNAQ- post 79 83.6456 10.41330

As shown in Table 4.3, the mean scores of students in the NNAQ-pre was
M=40.2658 and the standard deviation for scores was SD= 12.95823. The mean of the
scores showed an increase in the NNAQ-post scores of participants; it was found to be

M=83.6456 and SD=10.41330.

Table 4.4. Results of paired samples t-test for comparing NNAQ-pre and NNAQ-post

mean scores of all students.

. . Mean Std. Error
¢ df Sig. (2-tailed) Difference Mean
NNAQ-pre
and NNAQ- -25.609 78 .000 43.380 1.694
post scores

As a result of the analysis, the difference between NNAQ-pre scores (M=40.2658,
SD= 12.95823) and NNAQ-post scores (M=83.6456 and SD=10.41330) of students were
found to be significantly different t(78) = -25.609, p=0.000 (See Table 4.4). Paired samples
t-test concluded that NNAQ-pre and NNAQ-post scores of all students differed
significantly confirming an increase in the NNAQ-post scores; hence the nanoscience and

nanotechnology awareness.

4.1.2. Comparison with Respect to School Types (Private versus Public Schools)

To compare private schools with public schools in terms of their NNAQ-pre and

NNAQ-post scores, two classes from the public school were taken as one group (Public)
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and two private schools were taken as another group (Private). Independent samples t—test

was carried out to compare NNAQ-pre and NNAQ-post scores.

Table 4.5. Descriptive statistics about comparing NNAQ-pre and NNAQ-post scores of

public and private school students.

School N Mean Std. Deviation

Private 37 40.9459 12.63581
NNAQ- Pre

Public 42 39.666 13.35932

Private 37 81.0541 11.59728
NNAQ- Post

Public 42 85.9286 8.76354

As shown in Table 4.5, the mean of score of the private schools in the NNAQ-pre
was M=40.9459 and the mean of scores of the public schools in the NNAQ-pre was M=
39.6667. The standard deviation of scores of the private schools in the NNAQ-pre was
SD= 12.63581 and the standard deviation of scores of the public schools in the NNAQ-pre
was SD= 13.35932. The mean of NNAQ-post scores was found to be M=81.0541 for the
private schools and M=85.9286 for the public schools. The standard deviation of scores in

the post-test were SD=11.59728 and SD=8.76354

In order to determine whether there was a significant difference between the NNAQ-
pre mean scores of private and public schools, independent samples t-test was used. “ t test
for independent samples is a parametric test of significance used to determine whether, at a
selected probability level, a significant difference exists between the means of two
independent samples” (Gay et.al, 2006, p. 335) The significant difference between
NNAQ-post means scores of private and public schools were also compared by

independent samples t-test shown in Table 4.6.
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Table 4.6. Results of independent samples t-test comparing NNAQ-pre and NNAQ-post

mean scores of students in the public schools.

. Sig. (2- Mean Std. Error
School F Sig t df tailed) Difference Mean
Private 436 77 .664 1.27928 2.93698
NNAQ- Pre- .018 | .893
. 437 76.594 .663 1.27928 2.92653
Public
Private -2.122 77 .037 -4.87452 2.29686
NNAQ- Post- | 2.320 | .132
. -2.085 | 66.543 .041 -4.87452 2.33744
Public

As a result of the independent samples t-test analysis, there was no significant
difference in the NNAQ-pre test results for the private (M=40.9459, SD=12.658) and
public (M=39.666, SD=13.35932), t (77) =0.436, p=. 664. On the other hand, NNAQ-post

mean scores of private and public schools showed significant difference for the private

(M=81.0541, SD=11.59728) and public (M=85.9286, SD=8.76354), t (77)=-2.122, p=

.037.

The other analysis was done for private school group and public school group

separately. Paired samples t-test was used to compare NNAQ-pre and NNAQ-post mean

scores of private school students. Paired samples t-test was conducted for private schools

resulted as there was a significant difference in the scores for NNAQ-pre (M=40.95, SD=
12.636) and NNAQ-post tests (M=81.05, SD=11.597) of private schools; t (36) = -15.543,
p=".000 (See Table 4.7).

Table 4.7. Results of paired samples t-test comparing NNAQ-pre and NNAQ-post mean

scores of private school students.

Paired Differences
95% Confidence Interval df Sig. (2-
Private school Mean Std. Std. Error of the Difference t tailed)
group Deviation Mean
Lower Upper
NNAQ-pre
NNAQ-post -40.108 | 15.696 2.580 -45.342 -34.875 |-15.543| 36 .000
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These results suggested that NNW did have a positive effect on awareness of
nanoscience and nanotechnology for private schools, since the NNAQ-post scores were

significantly higher than NNAQ-pre scores of the participants of private schools.

Paired samples t-test was also used to compare NNAQ-pre and NNAQ-post mean
scores of public school students. “The paired samples t-test is used to compare a single
group’s performance on a pre and post-test, or on two different treatments” (Gay et.al.,
2006, p. 354). Therefore, paired samples t-test conducted for public schools revealed that
there was a significant difference in the scores for NNAQ-pre (M=39.67, SD= 13.359) and
NNAQ-post tests (M=85.93, SD=8.764) of public schools; t(41) = -21.375, p= .000 (See
Table 4.8).

Table 4.8. Results of paired samples t-test comparing NNAQ-pre and NNAQ-post mean

scores of students in the public schools.

Paired Differences
95% Confidence Interval df Sig. (2-
Public school Mean Std. Std. Error of the Difference t tailed)
group Deviation Mean
Lower Upper
NNAQ-pre
NNAQ-post -46.262 | 14.026 2.164 -50.633 -41.891 |-21.375| 41 .000

The difference in NNAQ-pre and NNAQ-post mean scores of each group who
differed in terms of their school background was further analyzed using nonparametric
sign test and descriptive statistics. Nonparametric test was used to determine if there was a
significant difference between NNAQ-pre and NNAQ-post test scores for each student
group. The nonparametric tests were used since sample size of each group was small.

Descriptive statistics and sign test statistics for each school are given in the section below.

4.1.3. Comparison of Participants with Respect to Their Groups

4.1.3.1. Private School 1 (Prl). 18 students from Prl who took NNAQ-pre attended
workshop and they also took NNAQ-post at the end of the workshop.
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Nonparametric sign test was conducted. The difference between pre and post test
scores obtained from Nanoscience and Nanotechnology Awareness Questionnaire

(NNAQ) was analyzed by nonparametric sign test.

Exact significance (2-tailed) value was calculated for each group one by one. Results
showed that there was a significant (p=.000) difference between NNAQ-pre and NNAQ-

post score of each group within itself.

Table 4.7. Descriptive and sign test statistics for NNAQ scores of participants from Prl.

N Mean Std. Deviation | Minimum | Maximum Exact' Sig.
(2-tailed)
NNAQ-Pre 18 40.78 16.254 21 78 .000
NNAQ-Post- 18 86.50 9.173 66 99

As shown in Table 4.7, the mean of scores of the students in NNAQ-pre was
M=40.78 and the standard deviation of the scores is SD= 16.254. The mean of the scores
showed an increase in NNAQ-post and it was found to be M=86.50 and SD=9.173.

4.1.3.2. Private School 2 (Pr2). 19 students from Pr2 who took NNAQ-pre attended

workshop.

Exact significance (2-tailed) value was calculated for each school showed that there

was a significant (p=.000) difference between NNAQ-pre and NNAQ-post scores of Pr2.

Table 4.8. Descriptive statistics for NNAQ scores of participants from Pr2.

Exact Sig.

N Mean Std. Deviation Minimum | Maximum (2-tailed)

NNAQ- Pre 19 41.11 8.353 23 56

NNAQ-Post 19 75.89 11.479 48 94 .000
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The mean of scores of the students in the NNAQ-pre was M=41.11 and the standard
deviation of the scores was SD= 8.353. Therefore, the mean of the scores showed an
increase in the NNAQ-post and it was found to be M=75.89 and SD=11.479 as seen in
Table 4.10.

Nonparametric sign test was carried out to determine whether the difference between
NNAQ-pre and NNAQ-post scores were statistically significant or not. It was found that
there was a statistically significant difference (p=.000) between NNAQ-pre and NNAQ-

post scores of participants of Pr2.

4.1.3.3. Public School 1 (Pul). Seventeen students from Pul who took NNAQ-pre
attended workshop also took NNAQ-post at the end of the NNW. Exact significance (2-

tailed) value was calculated for Pul showed that there was a significant (p=.000)

difference between NNAQ-pre and NNAQ-post scores of Pul.

Table 4.9. Descriptive statistics for NNAQ scores of participants from Pul.

Exact Sig.
N Mean Std. Deviation | Minimum | Maximum (2-tailed)
NNAQ-pre 17 34.65 14.709 20 70 .000

NNAQ-post 17 87.94 10.437 66 99

As shown in Table 4.9, the mean of scores of the students in NNAQ-pre was
M=34.65 and the standard deviation of the scores was SD= 14.709. The mean of the scores
showed an increase in the NNAQ-post scores of participants and calculated as M=87.94
and SD=10.437. It was found that there was a statistically significant difference between

NNAQ-pre and NNAQ-post scores of participants’ from Pul.

4.1.3.4. Public School 2 (Pu2). Another class of 25 students from the same public high
school who took NNAQ-pre before attending the workshop and took NNAQ-post after the

workshop.
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Exact significance (2-tailed) value was calculated also for this class, Pu2, and the
results of the paired sample t-test showed that there was a significant (p=.000) difference

between NNAQ-pre and NNAQ-post scores of Pu2.

Table 4.10. Descriptive statistics for NNAQ scores of participants from Pu2.

N Mean Std. Deviation Minimum Maximum Exact. Sig.
(2-tailed)
NNAQ-pre 25 43.08 11.431 25 72 .000
NNAQ-post 25 84.56 7.332 70 95

As shown in Table 4.10, the mean of scores of the students in NNAQ-pre was
M=43.08 and the standard deviation of the scores was SD= 11.431. The mean of the scores
showed an increase in the NNAQ-post scores of participants; they were found to be

M=84.56 and SD=7.332.

It was also found that there was a statistically significant difference (p=.000)

between NNAQ-pre and NNAQ-post scores of participants of Pu2.
4.2. Statistical Analysis of Research Question 2

e Research Question-2: Will there be any change in 11" grade students’ conceptual
understanding about nanoscience and nanotechnology after attending Nanoscience

and Nanotechnology Workshop (NNW)?

e Hypothesis 2: There will be a significant increase in conceptual understanding of
nanoscience and nanotechnology of 11" grade students who attended Nanoscience

and Nanotechnology Workshop (NNW).

e Null Hypothesis 2: There will be no significant increase in conceptual understanding
of nanoscience and nanotechnology of 1 1o grade students who attended Nanoscience

and Nanotechnology Workshop (NNW).
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Similar to the data analysis of NNAQ three different sample groups were formed for

data analysis to test null hypothesis 2.

4.2.1. Comparison of All Participants

To analyze the effect of workshop on the conceptual understanding of 79
participants, a one-way analysis of variance (ANOVA) was conducted to compare the
effect of school background on nanoscience and nanotechnology awareness in terms of
NNCUQ-pre test. Before grouping all the participants as one large group, the classes were
compared with respect to their prior conceptual understanding of nanoscience and

nanotechnology.

Table 4.11. Descriptive statistics about NNCUQ-pre scores for each student groups.

Std.
N Mean Deviati | Std. Error | Minimum Maximum

on
1 18 17,05 6,859 1,574 8 32
2 19 15,22 5,128 1,209 5 25

NNCUQ-

pre 3 17 13,18 5,054 ,828 5 23
4 25 13,36 5,024 1,005 5 23
Total 79 13,56 6,057 ,681 5 32

Table 4.12. One-way ANOVA results on NNCUQ- pre scores for student groups.

Sum of Squares df Mean Square F Sig.
Between Groups 775,205 3 258,402 0317 .088
NNCUQ-
pre Within Groups 2086,289 75 162.064
Total 2861,494 78

ANOVA test results showed that there was no significant effect of school

background on pre-test scores of NNCUQ at the < .05 levels for the conditions, hence all
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the groups were considered as one large sample for the first comparison. Since, NNCUQ-
pre test scores of student groups did not significantly differ from each other, all
participants were also considered as one group and paired samples t-test was applied.
Paired samples t-test applied to compare nanoscience and nanotechnology conceptual
understanding in NNCUQ-pre- and NNCUQ-post scores. Paired difference of NNCUQ-
pre- and NNCUQ-post scores was calculated. NNCUQ-pre and NNCUQ-post scores on
NNAQ differed significantly (p=.000). Descriptive statistics was carried out in order to
compare all students’ mean scores in the Questionnaire of Conceptual Understanding of
Nanoscience and Nanotechnology given before (NNCUQ-pre) and after (NNCUQ-post)
the workshop.

Table 4.13. Descriptive statistics comparing NNCUQ-pre and NNCUQ-post scores of all
the students.

N Mean Std. Deviation
NNCUQ-Pre 79 13.56 6.057
NNCUQ-Post 79 22.73 7.216

As shown in Table 4.13, the mean of score of the students in the NNAQ-pre was
M=13.56 and the standard deviation for scores was SD= 6.057. The mean of the scores
showed an increase in the NNAQ-post scores of participants; it was found to be M=22.73
and SD= 7.216. In order to determine whether the difference between the mean scores was

significant or not, paired samples t-test was used.

Table 4.14. Results of paired samples t-test for comparing the NNCUQ-pre and NNCUQ-

post mean scores of all students.

. . Mean Std. Error
¢ df Sig. (2-tailed) Difference Mean
NNCUQ-Pre
-11.796 78 .000 -9.177 778
NNCUQ-Post
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As a result of the analysis, the difference between NNCUQ-pre scores (M= 13.56.
SD= 6.057) and NNCUQ-post-test scores (M= 22.73 and SD= 7.216) of students were
found to be statistically different (p=.000), t (78) = -11.79 (See Table 4.14). Both
descriptive statistics and paired sample t-test concluded that NNCUQ-pre and NNCUQ-
post scores of all students improved after attending the NNW.

4.2.2. Comparison with Respect to School types (Private versus Public Schools)

To compare private schools with public schools in terms of NNCUQ-pre and
NNCUQ-post scores, two private schools were taken as one group (Private) and two public
schools were taken as another group (Public). Group statistics for NNCUQ-pre and
NNCUQ-post scores were calculated. Descriptive statistics and independent samples t-test
were applied. Descriptive statistics was carried out in order to compare private school

students’ and public school students’ mean scores of pre and post NNCUQ test scores.

Table 4.15. Descriptive statistics comparing NNCUQ-pre and NNCUQ-post scores of

public and private school students.

School N Mean Std. Deviation

Private 37 16.16 6.067
NNCUQ- Pre

Public 42 11.26 5.095

Private 37 25.65 7.436
NNCUQ- Post

Public 42 20.17 6.008

As shown in Table 4.15, the mean of score of the private schools in the NNCUQ-Pre
was M= 16.16 and that of the public schools was M= 11.26 and the standard deviation of
scores of the private schools in the NNCUQ-pre was SD= 6.067 and that of the public
schools was SD= 5.095. The mean of NNCUQ-post scores was found M= 25.65 for the
private schools, and M= 20.17 for the public schools. The standard deviation of scores in

the post-test were SD= 7.436 and SD= 6.008.
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In order to determine whether there was a significant difference between the
NNCUQ-pre mean scores of private and public schools, independent samples t-test was
used. The significant difference between NNCUQ-post means scores of private and public

schools were also compared by independent samples t-test shown in Table 4.6.

Table 4.16. Results of independent samples t-test comparing NNCUQ-pre and NNCUQ-

post mean scores of students in the public schools.

. Sig. (2- Mean Std. Error

School F Sig t df tailed) Difference Mean

Private 3,902 77 .088 4.900 1.256
NNCUQ- Pre- | 1,015 | 317

Public 3,859 76.673 .087 4.900 1.270

Private -2.122 77 .037 -4.87452 2.29686
NNAQ- Post- | 2.320 | .132

Public -2.085 | 66.543 .041 -4.87452 2.33744

As a result of the independent samples t-test analysis, there was no significant
difference in the NNCUQ-pre test results for the private (M= 16.16, SD= 6.067) and public
(M= 11.26, SD= 5.095), t (77) = 0.436, p= .088. On the other hand, NNCUQ-post mean
scores of private and public schools showed significant difference for the private (M=

25.65, SD= 7.436) and public (M= 20.17, SD= 6.008), t (77)=-2.122, p= .037.

The other analysis was done for private school group and public school group
separately. Paired samples t-test was used to compare NNCUQ-pre and NNCUQ-post
mean scores of private school students. Paired samples t-test conducted for private schools
resulted as there was a significant difference in the scores for NNCUQ-pre (M= 40.95,
SD= 12.636) and NNCUQ-post tests (M= 81.05, SD= 11.597) of private schools; t (36) = -
15.543, p=.000 (See Table 4.7).
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Table 4.17. Descriptive statistics comparing NNCUQ-pre and NNCUQ-post scores of

students from the private schools.

I Mean N Std. Deviation | Std. Error Mean
group

NNCUQ-pre 16.16 37 6.067 .997

NNCUQ-post 25.65 37 7.436 1.222

According to Table 4.17, there was a significant difference in the scores of NNCUQ-
pre (M=16.16, SD= 6.067) and NNCUQ-post (M=25.65, SD=7.436) for the participants
from private schools; t (36) = -8.500, p=.000 (See Table 4.18)

Table 4.18. Results of paired samples t-test comparing NNCUQ-pre and NNCUQ-post

scores of students from the private schools.

Paired Differences

95% Confidence Interval df Sig. (2-

Private school Mean Std. Std. Error of the Difference t tailed)
group Deviation | Mean
Lower Upper
NNCUQ-pre
-9.486 6.789 1.116 -11.750 -7.223 -8.500 | 36 .000

NNCUQ-post

These results suggested that NNW had a positive effect on the awareness of

nanoscience and nanotechnology for private schools.

Table 4.19. Descriptive statistics comparing NNCUQ-pre and NNCUQ-post scores of

students from the public schools.

Public school

group Mean N Std. Deviation Std. Error Mean
NNCUQ-pre 11.26 42 5.095 786
NNCUQ-post 20.17 42 6.008 927
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According to Table 4.19, there was a significant difference in the scores for
NNCUQ-pre (M= 11.26, SD= 5.095) and NNCUQ-post (M= 20.17, SD= 6.008) of public
schools; t (41) = -8.134, p=.000.

Table 4.20. Results of paired samples t-test comparing NNCUQ-pre and NNCUQ-post

scores of students from the public schools.

Paired Differences
95% Confidence Interval Sig. (2-

Public school Std. | Std. Error | of the Difference t df 1 ailed)

Mean S

group Deviation Mean
Lower Upper

NNCUQ-pre

-8.905 7.095 1.095 -11.116 -6.694 -8.134 | 41 .000
NNCUQ-post

Both descriptive statistics and paired sample t-test concluded that NNCUQ-pre and
NNCUQ-post scores of private and public schools differ significantly. These results
suggested that NNW had a positive effect on the awareness of nanoscience and

nanotechnology for private and public schools.

4.2.3. Comparison of Participants Based on Their Groups

NNCUQ-pre and NNCUQ-post scores of each group were compared with
nonparametric sign test and descriptive statistics were obtained for students’ pre and post
test scores in NNCUQ. Nonparametric test was used to look for a significant difference
between NNAQ-pre and NNAQ-post test scores. Nonparametric test was used, since
sample size of each group was small. Descriptive statistics and sign test statistics table for

each class (See Table 4.21) are given below.

4.2.3.1. Private School 1 (Prl). 19 students from Prl who took NNCUQ-pre attended
workshop and they also took NNCUQ-post at the end of the workshop.

Nonparametric sign test was conducted. The difference between pre and post test

scores obtained from NNCUQ was analyzed by nonparametric sign test. Exact significance
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(2-tailed) value was calculated for each school showed that there was a significant (p=.

000) difference between pre-total and post-total scores of each class.

Table 4.21. Descriptive statistics for the NNCUQ-pre and NNCUQ-post scores of

participants from Prl.

N Mean Std. Deviation | Minimum | Maximum Exact' Sig.
(2-tailed)
NNCUQ-pre 18 17.05 6.859 8 32 .000
NNCUQ- 18 29.95 6.337 18 38
post

As shown in Table 4.21 the mean of scores of the students in the NNCUQ-pre was
M=17.05 and the standard deviation of the scores was SD= 6.859. The mean of the scores
showed an increase in the NNCUQ-post scores of participants; it was found to be M=29.95
and SD=6.337. Nonparametric sign test was carried out to determine whether the
difference between NNCUQ-pre and NNCUQ-post scores was statistically significant or
not. It was found that there was a statistically significant difference between NNCUQ-pre

and NNCUQ-post scores of participants of Pr1 (p=.000).

4.2.3.2. Private School 2 (Pr2). 19 students from Pr2 who attended workshop took

NNCUQ-pre and NNCUQ-post before and after the workshop, respectively.

Exact significance (2-tailed) value was calculated for Pr2 showed that there was a

significant (p=.000) difference between NNCUQ-pre and NNCUQ-post scores of Pr2.

Table 4.22. Descriptive statistics for the NNCUQ-pre and NNCUQ-post scores of

participants from Pr2.

N Mean Std. Deviation | Minimum | Maximum Exact' Sig.
(2-tailed)
NNCUQ-pre 19 15.22 5.128 5 25 .000
NNCUQ- 19 2111 5.666 8 32
post
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As shown in Table 4.22, the mean of scores of the students in the NNCUQ-pre was
M=15.22 and the standard deviation of the scores is SD= 5.128. The mean of the scores
showed an increase in the NNCUQ-post scores of participants; it was found to be
M=21.11and SD=5.666. It was found that there was a statistically significant difference
between NNCUQ-pre and NNCUQ-post scores of participants of Pr2 (p=.000).

4.2.3.3. Public School 1 (Pul). 17 students from Pul who attended workshop took
NNCUQ-pre and NNCUQ-post before and after the workshop, respectively.

Exact significance (2-tailed) value was calculated for each school shows that there is
a significant (p=. 000) difference between NNCUQ -pre and NNCUQ -post test scores of
each school. Descriptive Statistics for the NNCUQ scores of participants from Pul
Nonparametric test was used to know if there was a significant difference between

NNCUQ -pre and NNCUQ -post test scores.

Table 4.23. Descriptive statistics for the NNCUQ -pre and NNCUQ -post scores of

participants from Pul.

N Mean Std. Deviation | Minimum | Maximum Exact' Sig.
(2-tailed)
NNCUQ-Pre 17 8.18 3414 4 16 .000
NNCUQ- 17 19.47 3.793 15 26
Post

As shown in Table 4.23, the mean of scores of the students in the NNCUQ-pre test
was M=8.18 and the standard deviation of the scores was SD= 3.414. The mean of the
scores showed an increase in the NNCUQ-post scores of participants; it was found to be

M=19.47and SD=3.793.

It was found that there was a statistically significant difference between NNCUQ-pre
and NNCUQ-post scores of participants of Pul.
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4.2.3.4. Public School 2 (Pu2). 25 students from Pu2 who attended workshop took
NNCUQ-pre and NNCUQ-post before and after the workshop, respectively.

Exact significance (2-tailed) value was calculated for each school shows that there
was a significant (p=.000) difference between NNCUQ-pre and NNCUQ-post scores of
Pu2.

Table 4.24. Descriptive statistics for the NNCUQ-pre and NNCUQ-post scores of
participants from Pu2.

N Mean Std. Deviation | Minimum | Maximum Exact. Sig.
(2-tailed)
NNCUQ-Pre 25 13.36 5.024 5 23 .000
NNCUQ- 25 20.64 7.176 5 30
Post

As shown in Table 4.24, the mean of scores of the students in the NNCUQ-pre was
M=13.36 and the standard deviation of the scores was SD= 5.024. The mean of the scores

showed an increase in the NNCUQ-post scores of participants; it was found to be M=20.64
and SD=7.176.

It was found that there was a statistically significant difference between NNCUQ-pre
scores and NNCUQ-post scores of participants of Pu2.

4.3. Statistical Analysis of Research Question 3

e Research Question-3: What are the outcomes obtained from student generated
products (open-ended answers and posters) as a result of attending Nanoscience and

Nanotechnology Workshop (NNW)?

Nanoscience and Nanotechnology Workshop (NNW) includes various outcomes

obtained from students. This section includes the analyses of:

1. An open-ended question (2nd Question) in NNCUQ
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i1. Group discussions of benefits and risks of nanoscience and nanotechnology
iii. Nano product design posters
iv. Evaluation of the NNW
v. Pre and Post Interviews
4.3.1. Analysis of an Open-Ended Question (2“d Question) in NNCUQ
The first analysis shown here was about second question of NNCUQ.

The second question was “Are you familiar with any of nanotechnology
applications? If so, give examples of nanotechnology applications. Where did you hear

about these applications?”

For the second question asked in NNCQU, the score of each answer for question 2
obtained from each student were calculated. First, rubric was formed by the researcher.
Then, the rubric was checked by the researcher and two undergraduate science students.
These students were selected on purpose since they took active roles in development and
the implementation of the workshop as group mentors. The rubric of NNCUQ was revised
with experts. The percentage of agreement was calculated by evaluating NNCUQ papers 5
of randomly selected students that correspond to 15% of whole number were commonly
checked. In other words, 55 questions in total were checked by three experts. 52 questions

out of 55 were scored same that gave 95% of agreement.

The students’ answers for the second question of NNCUQ were categorized into
seven categories. Figure 4.1 and Figure 4.2 show the frequencies and percentages of the
NNCUQ -pre and NNCUQ-post test answers. To investigate possible differences among
the students' NNCUQ-pre and NNCUQ-post answers for the second question, categories
were formed and Chi-Square analysis was conducted. “No answers” were taken as missing
data. As the expected value in any category was found to be less than 5, the Chi-Square
could not be run for testing with these categories. Then the categories were merged under

two categories; “individual benefits” and “global benefits”. “Individual benefits” included
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sub- categories of “nanotechnology products”, “textile products” and ‘“hi-tech products”.
“Global  benefits” had sub-categories of “Military/defense”, “health” and
“ethical/political/socio-economical issues”. Answers that fit into more than one category

were collected under new categories according to number of response types.

The most frequently answered category in the second question of NNCUQ-pre that
was regarding nanotechnology application examples was “no answer”; 60 % of students
did not give any nanotechnology application examples. However, “No answer” category
took place in NNCUQ-post with 38%. The second most frequent response was
“nanotechnology products” with 11.5 % in NNCUQ-pre. This category took the frequency
of 10% in NNCUQ-post. The category of “textile products only” took place in NNCUQ-
pre and NNCUQ-post; 9% and 41% respectively. This category answer represented the
highest frequency for NNCUQ-post. For NNCUQ-pre and NNCUQ-post, the frequencies
for the rest of the categories were found respectively as “high-tech products” with 6 % and
1.3%, “more than one category answer” with 4 % and 6 %, “health” with 3 % and 1.3%,
“military / defense” with 2 % and 1.3%, “ethical / political / socio-economical issues” with
0% and 10%. The frequencies took place in NNCUQ-pre and NNCUQ-post tests were

represented with pie charts shown in Figure 4.1 and Figure 4.2.

B Nanotechnology products
M Textile products only
39% H Military/Defence

B Health
60%

B Hi-tech products

0,
3% 0%

M Ethical/Political/Socio-
economical issues

Figure 4.1. Frequency results of initial categories in the second question of NNCUQ-pre.
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B Nanotechnology products

B Textile products only

B Military/Defence

H Health

B Hi-tech products

M Ethical/Political/Socio-
economical issues

1%

1%_l 1%

Figure 4.2. Frequency results of initial categories in the second question of NNCUQ-post.

The frequencies of the NNCUQ-pre and NNCUQ-post answers by the new
categories were given in Figure 4.3 and Figure 4.4. To investigate possible differences
among the students' pre and post test answers by the new categories Chi-Square analysis
was run. Since the expected value in any category was found to be less than 5, Chi-Square
analysis could not be used. It was revealed that high number of missing data effect on chi-

square calculation.

The frequency distribution of the merged categories in the second question of
NNCUQ-pre showed that the most frequent answer took place in “no answer” category
with 60%. In NNCUQ-post “no answer” category also the most frequent answer with 40%.
The second most frequent answer was from the category of “individual benefits” with 32%
whereas the ‘“global benefits” category took 8% (See Figure 4.3). In NNCUQ-post,
frequency distribution of the categories “individual benefits” and “global benefits” was
similar to the NNCUQ-pre frequency distributions. “Individual benefits” took 53% and
“global benefits” took 8% (Figure 4.4).
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B Individual Benefits
B Global Benefits

¥ No answer

Figure 4.3. Frequency results of merged categories in the second question of NNCUQ-pre.

B Individual Benefits
B Global Benefits

 No answer

Figure 4.4. Frequency results of merged categories in the second question of NNCUQ-
post.

In case of not being able to run Chi-Square analysis, the total number of given
answers for NNCUQ-pre and NNCUQ-post were compared without comparing the types
of answers. Table 4.25 showed that after attending the workshop the number of responsive
students increased. The number of responses given for the second question in NNCUQ-pre
was 31. The number of unresponsive students for NNCUQ-pre was 47. In other words, the

number of unresponsive students declined.



Table 4.25. Frequency table for response types in NNCUQ-pre and NNCUQ-post.
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Number of responses

Number of responses

Total number of

Response type in NNCUQ-pre in NNCUQ-post responses
NNCUQ-pre only 20 20 11
NNCUQ-post only 11 0 27

BothNI;I\]I\(Ij%I(J)Q_F—)I())rS: and 0 27 20
No answer 0 0 20
TOTAL 31 47 78

The number of responses for the same question in NNCUQ-post was 47 and the

number of unresponsive students was 31 (See Table 4.25). Chi-square test was run

according to number of responses given in the second question of NNCUQ-pre and

NNCUQ-post. Table 4.26 provides the result of the Chi-Square test. The test statistic was

found not statistically significant: ¥* (1. N=78) =0.39. p=.532. Therefore, we could not

conclude that there was statistically significant difference in the number of NNCUQ-pre

and NNCUQ-post answers for the second question. Although, the number of students’

responses increased from 31 to 47, this increase was not found statistically significant.

Table 4.26. Chi-square analysis for number of responses given for the second question in

NNCUQ-pre and NNCUQ-post.

Value df Asyrrsl? (i:ii)g' (2-
Pearson Chi-Square .390° 1 532
Likelihood Ratio 392 1 531
Linear—by-Linear 385 1 535
Association
N of Valid Cases 78

a: 0 cells (0%) have expected count less than 5. The minimum expected count is 12, 32.



93

4.3.2. Analysis of Group Discussion of Benefits and Risks of Nanoscience and

Nanotechnology

The discussion activity was about “Risks and Benefits of Nanotechnology” first
planned as Activity 5 in NNW. In the first implementation done with Prl, an introduction
presentation that included some examples of benefits and risks were shared with students
to give them some ideas before group discussions. After presentation, each group was
asked to discuss the risks and benefits as a group. It was continued with sharing ideas with
other groups. In the second implementation with Pr2, the discussion activity was revised
and completed in a different way. This time, whole class separated into two big groups. In
other words, three groups combined and formed one big group; the rest three groups
combined and formed another group. One group was assigned to list risks of
nanotechnology; the other group was assigned to list benefits of nanotechnology. When the
group works were completed, groups shared their opinions and each group listed benefits
and risks of nanotechnology. This discussion part was followed by a short conclusion

presentation that summarizes some of risks and benefits of nanotechnology.

To compare the effectiveness of these two different implementation of same
discussion activity; the first implementation done with Prl was repeated by Pul, the

second implementation done with Pr2 was repeated by Pu2.

432.1. The discussion activity of Prl and Pul. The benefits and risks of

nanotechnology categories given in the discussion presentation were listed as:

1. “Saglik — Health”

ii. “Cevre - Environment”

iii. “Ucuz ve kaliteli nanoteknoloji iirlinleri - Nanotechnology Products”

iv. “Ulusal Glivenlik ve Savunma - Military/ Defense”

v. “Etik, sosyal, ekonomik durum - Ethical/Political/Socio-economical issues”.
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For each of these categories mentioned in the discussion presentation, different
examples were given from each category. The examples were listed in Table 4.27 . This
table would enable to see whether students’ answers were the same or similar to the
examples mentioned in the discussion presentation or not. In other words, it would reveal
that if students would come up with different examples of benefits and risks of

nanotechnology or not.

Table 4.27. Examples of benefits and risks of nanotechnology for each initial category in

the discussion presentation.

Benefits and Risks of The Discussion Presentation
Nar(ljotechnglogy Benefits of Nanotechnology Examples
ategories

Health “Nanopargaciklar canli hiicrelerin igine girebilir ve organlarda birikebilirler -
Nano particles can enter into living cells and can accumulate in organs” —
(Environmental Protection Agency, 2003).

“Proteinlerin nano par¢aciklara eklenmesiyle, protein seklini ve kan
pihtilagsmasina neden olan iglevini degistirebilir. - With the addition of proteins
to nano-particles, protein shape and coagulation function of blood can be
changed)”

“Nano pargaciklar besin zincirine girip, insan saglinda bilinmeyen etkilere yol
agabilirler. - Nano particles entering the food chain, may cause unknown effects
in human health”

“Kimyasal ve yapisal ozelliklerinin degismesi, zehirli ve kanserojen etkilerin
olusmasina, hiicrelerde u¢uculuk, yanabilirlik, siireklik ve yigilmalara neden
olabilir. - Changes in the chemical and structural properties might cause to
Jformation of toxic and carcinogenic effects, cell volatility, flammability,
continuity, and aggregates”

“Yiiksek miktarda nano- parcacik solunumu akcigerlere zarar verebilir. -
Inhalation of high amounts of nano-particles may cause lung damage”
(National Aeronautics and Space Administration, NASA, 2002).

“Bucky ball baliklarda biiyiik beyin hasarlarina yol agabilmektedir. — A Bucky
ball can lead to brain damage in big fish” (American Chemical Society, 2004).

Environment “Bakterilerle ayrismayan ¢evre kirliligine neden olan nano pargaciklar
bulunmakta. - There are nano-particles that do not decompose by bacteria and
cause environmental pollution”

“Giines kremlerinde bulunan titanyum dioksit nano par¢aciginin atik sularla
beraber denizlere, gollere ve nehirlere akmasi. - Flow of nano-particle,
titanium dioxide in sunscreen with waste waters to seas, lakes and rivers”

“Titanyum dioksit nano parcaciklarimin fare beynindeki sinir hiicrelerinde
hiicre oliimlerini tetiklemesi. - Titanium dioxide nano-particles in mouse brain
nerve cells, triggering cell death”
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Table 4.27. Examples of benefits and risks of nanotechnology for each initial category in

the discussion presentation cont.

Benefits and Risks of
Nanotechnology
Categories

The Discussion Presentation

Benefits of Nanotechnology Examples

Nanotechnology
Products

“Tekstil. — Textile”

“Kuyafet, tshirt, spor tiriinleri,mama onliigii,corap,havlu,araba koltuk,uyku
seti,banyo iiriinleri. - Clothing, T-shirt, sporting goods, bib, socks, towels, car
seat, sleeping set, bathroom products”

“Plastik. - Plastics”

“Oyuncak, bebek iiriinleri, ev iiriinleri, mouse klavye, pet sise, telefon. - toys,
baby products, household products, mouse, keyboard, plastic bottles,
telephone”

“Tip. — Medicine”
“Maske, eldiven, bandaj, kozmetik, deodorant, ilag, sterilize etmek. - Mask,
gloves, bandages, cosmetics, deodorants, medicines, sterilizing”

“Beyaz Esya. - White goods”

“Masa, sandalye, banyo, dus, mutfak egyasi, buz dolabi, ¢camasir makinesi. -
Tables, chairs, bathroom, shower, kitchen utensils, refrigerator, washing
machine”

Military/ Defense

“Yiiksek miktarda akilly silahlar - High amount of smart weapons”

“Minyatiirlestirilmis, robot silahlar ve giivenilir uzaktan kapama olmadan
yapilan akilli hedef- aramaya yonelik askeri miihimma. - Miniaturized robotic
weapons, and smart ammunition for target searching without reliable remote

off”

Ethical/ Political/ Socio-
economical issues

“Zengin ve fakir ya da geligmis ve gelismekte olan iilkeler arasinda ugurum. -
The gap between developed and developing countries or rich and poor”

“Nano tiretim tekniklerinden kaynaklanan milyonlarca isten ¢ikariima. -
Dismissal of millions due to Nano-manufacturing techniques”

After presenting the examples of benefits and risks shown in Table 4.27, students

were asked to make small group discussions about these examples. The mentors of each

group led the discussions.Then, each group presented their ideas to the entire group.
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4.3.2.2. The discussion activity of Pr2 and Pu2. The answer categories obtained from

group responses of Pr2 and Pu2 schools are shown in Figure 4.5 and Figure 4.6. This
figure shows the frequencies of examples coming from all groups regardless of benefits
and risks. Since only the Pr2 and Pu2 schools were asked to list the benefits and risks on a

poster, the frequency table includes the answers obtained from these two groups.

The frequency distribution obtained from the initial categories in the group
discussion on benefits and risks of nanotechnology showed that 47% of the respondents
from Pr2 and 35.6 % respondents from Pu2 gave responses from the category of
“ethical/political/socio-economical issues”. The second most frequent answer category was
“health”; 30% of students from Pr2 and 22% of students from Pu2 gave similar answers.
“Military / defense” category took 20% for Pr2 and 11% for Pu2. From Pr2, no answers
were obtained from the category of “nanotechnology products” and “hi-tech products”,
whereas the frequencies from these two categories for Pu2 were 20% and 9% respectively.
The frequency distributions of initial categories obtained from the group discussion of Pr2
and Pu2 on benefits and risks of nanotechnology were shown in Figure 4.5 and Figure 4.6

in that order.

0%

B Nanotechnology Products

M Textile products

B Military/Defence

B Health

M Hi-tec products

M Ethical/Political/Socio-
economical issues

0%

Figure 4.5. Frequency results of initial categories in the group discussion of Pr2 on

benefits and risks of nanotechnology.
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® Nanotechnology Products

M Textile products

2% B Military/Defence

B Health

B Hi-tec products

M Ethical/Political/Socio-
economical issues

Figure 4.6. Frequency results of initial categories in group discussion of Pu2 on benefits

and risks of nanotechnology.

The initial categories were merged into “individual” and “global” categories. The
frequencies were calculated according to these categories. It was shown in Figure 4.7 and
Figure 4.8 that both Pr2 and Pu2 students’ answer frequencies higher in the category of
“global”. The frequency percentages were 97% for Pr2 and 69% for Pu2. The frequencies
for the category of “individual” were 3% and 31%. The highest frequency answer

category, which was “individual”, could easily be obtained from these figures.

M Global

B Individual

Figure 4.7. Frequency results of merged categories in the group discussion of Pr2 on

benefits and risks of nanotechnology.
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M Global
B Individual

Figure 4.8. Frequency results of merged categories in the group discussion of Pu2 on

benefits and risks of nanotechnology.

Among the all the given examples obtained from the group discussions of Pr2 and
Pu2; the examples given for only benefits and the examples given for only risks were
analyzed separately. This analysis was done in order to compare the frequencies of
nanotechnology benefits examples and nanotechnology risks examples. The frequencies

for benefits of nanotechnology examples were given in Figure 4.9 and Figure 4.10.

The frequencies of the category answers showed that the category of “health” was
declared as the category with highest frequency for Pr2. In Pu2, the highest frequency
belonged to the category of “nanotechnology products” with 31%. Then, the category of
“ethical/political/socio-economical issues” was found as the second highest frequency
category for both Pr2 and Pu2 with frequencies of 36% and 21% respectively. 14% of
students from Pr2 gave responds from the category of “military /defense” and only 7% of
students gave responds from the category of “textile products”. No responses were taken
from the answer categories of “nanotechnology products” and “hi-tech products” in Pr2. In
Pu2, the “textile products” category was declared with 14%; “hi-tech products” with 10%.
The frequency of the “military /defense” category took 8%.
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B Textile products

H Military/Defence

[ Health

B Ethical/Political/Socio-
economical issues

Figure 4.9. Frequency results of initial categories in the group discussion of Pr2 on

benefits of nanotechnology.

B Nanotechnology Products

M Textile products

H Military/Defence

B Health

B Hi-tec products

M Ethical/Political/Socio-
economical issues

Figure 4.10. Frequency results of initial categories in the group discussion of Pu2 on

benefits of nanotechnology.

For each school; Pr2 and Pu2 the merged category example frequencies coming from

the discussion of benefits were represented in Figure 4.11 and Figure 4.12.

In Pr2, the highest frequency category was ‘“global” with 93%, the category of
“individual” was declared with 7% in the second order (See Figure 4.11). In Pu2, the
highest frequency belonged to the category of “individual” with 54%, the “global”
category was with 46% (See Figure 4.12).
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B Individual

B Global

Figure 4.11. Frequency results of merged categories in the group discussion of Pr2 on

benefits.

In Pr2 examples of global benefits are given more compared to individual benefits.

B Individual

B Global

Figure 4.12. Frequency results of merged categories in the group discussion of Pu2 on

benefits.

Each answer category included various benefits of nanotechnology examples

obtained from Pr2 and Pu2 students were represented in Table 4.28.
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Specific benefit examples given for each initial category in the group

discussion of Pr2 and Pu2.

Initial Categories

Pr2 Benefits of
Nanotechnology
Examples

Pu2 Benefits of Nanotechnology Examples

Nanotechnology
Products

“Fén daha kalict olur — Straighting the hair will be more
permanent”’

“Temizlik kolaylasir — Cleaning will be easier”

“Gida tiriinlerinin bozulmasini geciktirir - Retard the
deterioration of food products”

“Kozmetik sektoriinde daha etkili iriinler yapilabilir -
Cosmetics can be made more effective products industry”

“Bitkinin dlmesini geciktirir - Delays the death of the
plant”

“Bir¢ok tekstil iiriinlerinin temizligini saglar - Ensures
cleanliness of many textile products”

“Arabalarin ¢izilmesini engeller - Prevents scratching
cars”

“Boyalarda kullanilir -Used in paints”
“Uzun raf émrii - Long shelf life”
Bozulmayan makyaj (non-perishable make-up)

Gidalarin raf omriinii uzatir - Extends the shelf life of
foods”

“Daha saglam iiriinler tiretilir - More robust products”

“Tad1 bitmeyen sakiz - Chewing gum with non-ending
taste”

“Evlerin dis cephelerinde kullanilarak kendi kendini
temizlemesini saglar - Provides a self-clean exteriors of
homes”

“Bayanlar sa¢larina nanoteknoloji uygulanirsa saglarmni
hergiin ytkamak zorunda kalmaz.- Women do not have to
“wash hair every day if nanotechnology is applied”

“Su gecirmeyen ayakkabilar - Waterproof footwear”
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Specific benefit examples given for each initial category in the group

discussion of Pr2 and Pu2 cont.

Initial Categories

Pr2 Benefits of
Nanotechnology
Examples

Pu?2 Benefits of Nanotechnology Examples

Textile products

Su gegirmez - water proof’

“Yanmayan kiyafetler yapilir - Production non-flammable
clothing”

“Kir, su tutmayan kullamsli kiyafetler yapilr -Production
dirt, water-repellent useful clothing”

“Usiitmeyen kiyafetler yapilir - Production of non-chill
clothes”

“Giyim sektoriinde biiyiik geligim: su gegcirmeyen mayo.
leke tutmayan gece elbiseleri ve bir¢ok dayanikli kiyafet. -
A significant development in the garment industry: water
resistant swimwear, dirt- repellent evening dresses, and
many resistant clothing”

“Semsiyelerde yagmurluklarda kullanilabilir - Can be
used in umbrellas and raincoats”

Military/Defense

Goriinmez tank - invisible
tank

Savunma - defense

“Savunmada kullanilir - Used for defense”

“Ulke savunmalarinda ise yarar - Helps defense of the
country”

“Askeri alanda ¢ok biiyiik gelisim gosterir - Shows a
tremendous development in the military field”

“Askeri alanda kiyafetlerde kullanimi yayginlasabilir -
The use of clothing might become widespread in the
military field”

Health

Kanser tedavisi -
treatment of cancer

Yapay bagisikiik -
artificial immunity

Yapay organ - artificial
organ

Robotlarla tedavi -
treatment with robots

Uzun omiir - long life

Saghk - health

“Mikroplardan korur - Protects from germs”

“Tipta ¢ag acabilir belki de kansere ¢oziim bulunabilir -
A new era in medicine. Maybe cancer will be cured

“Yaslanmayi engeller - Prevents aging”
“Kwnsikliklar azalir - Decreases wrinkles”

“Antibakteriyel koruma saglar - Provides antibacterial
protection”

“Insanlarin yaslanmasim geciktirir - Delays aging in
humans”

“Tedavi siiresince tiim viicud yerine sadece hasta olan
organa tedavi uygulanmasi - Treatment of the ill organ
only instead of whole body”

“Nanorobotlar iiretilip hastaliga yonelik bir tedavi
uygulanabilir - Nanorobots can be produced to treat a
medication for the disease”

“Ilaglarda kullanilabilir - Might be used in medicines”
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Table 4.28. Specific benefit examples given for each initial category in the group

discussion of Pr2 and Pu2 cont.

Pr2 Benefits of
Initial Categories Nanotechnology Pu?2 Benefits of Nanotechnology Examples
Examples

“Molekiiler bilgisayarlar ortaya ¢ikar - Molecular
computers will be used”

“Kiigiik boyutlardaki belleklerde ¢ok fazla datamiz
saklariz - Small-sized memory to store too much data”

“Bazi frekanslarda gériinmez olma olay giizel -1t is good

Hi-tech Products - Lo .o
to be invisible at some frequencies

“Zamandan kazanir iglerimizi daha kolay yapariz - Saves
time, makes it easier to make work done”

“Daha kiiciik maddeler hakkinda bilgi edinmemizi saglar
- Helps us learn more about small sized particles”

“Insanlar sosyallesir - Helps people to get socialize”
Alandan “Turizm geligir - Develop turism”

kazang¢/agirlikian kazang “Yoldan enerjiden tasarruf - Energy saver”
- Space gain / weight gain
“Havayi temizler - Cleans air”

Zamandan kazang - Save ) ) )
“Yeni meslekler ortaya ¢ikar - New professions arise’

time
Ethical/Political/S Insan hatasz. azalir - ‘Daha kiigiik aletler tiretilebildigi i¢in taginmasi
ocio-economical Human error is reduced kolay olur - Small instruments that are produced will
1ssues Tarihi eserlerin easily be handled”
korunumu -

“Gtinliik hayatta kolaylik saglar - Provides
Conservation of historical

monuments convenience in daily life

Sokak temizligi - Street “Zamandan tasarruf edilir - Saves time”
cleaning “Geri doniisiim bakimindan cevre kirliligi azalr.-

Reduces environmental pollution in terms of recycling”

Two of the initial categories, which were obtained in the group discussion of Pr2 and
Pu2 on benefits of nanotechnology, did not take place in the discussion of risks of

2 <6

nanotechnology. These categories were; “nanotechnology products”, “textile products”.

The frequency distribution showed that most of the Pr2 and Pu2 students gave
answers from the category of “ethical / political / socio-economical issues”; Pr2 with 50%

and Pu2 with 52%. The second most frequent answer category for Pr2 was “military
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/defense” with 29%; for Pu2 was ‘“health” with 29%. The category of “health” came third
in the frequency order for Pr1 with 21%. None of the students from Pr2 gave answers from
the category of “hi-tech products”. In Pu2, “military and defense” category was declared
with 14%, which was followed by the category of “hi-tech products” with 5%.

The frequency distributions could also be seen from the pie charts represented in

Figure 4.13 and Figure 4.14.

B Military/Defence

Bl Health

u Ethical/Political/Socio-
economical issues

Figure 4.13. Frequency results of initial categories in the group discussion of Pr2 on risks.

H Military/Defence

B Health

0 Hi-Tech Products

M Ethical/Political/Socio-
economical issues

Figure 4.14. Frequency results of initial categories in the group discussion of Pu2 on risks.
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For each school Pr2 and Pul the new category example frequencies coming from
three groups that discuss risks were calculated Textile products were merged into
individual risks category; military / defense, health and ethical / social /political / socio-
economical issues merged into global risks category. In Pr2, all the specific examples
given for the risks of nanotechnology were represented from the “global” category with
100%. No examples of risks from “individual” category were stated. For Pu2 only 5% of
risk examples came from “individual” category. The category of “global” took 95% (see

Figure 4.15)

B Individual

B Global

Figure 4.15. Frequency results of merged categories in the group discussion of Pu2 on

risks.

Each answer category included various risks of nanotechnology examples obtained

from Pr2 and Pu2 students were represented in Table 4.29.
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Table 4.29. Risk examples in each category in group discussion Pr2 and Pu2.
Pr2 Risks of
Categories Nanotechnology Pu2 Risks of Nanotechnology Examples
Examples
“Silahlanma. — Arms” Soguk savas. - Cold war
“ .o “Savaslara neden olabilir. - Cause wars”
‘Askeri ekipman. -
N Military equipments” | “Silahlar ve yol a¢tigui¢ ve dis savaglar. - Weapons and
Military/Defense ‘, ” cause of internal and external wars”
Savas. - War
» “Yeni gelistirilecek kimyasal,biyolojik silahlar daha ¢ok
Radyasyon. - . N . . X
T insanin olmesine sebep olur.- Invention of new chemical
Radiation ) . . .
and biological weapons will cause more people to die
“Fazla nano cilde zarar. - Much amount of nano
particles are harmful for body”
“Viicudumuza nano girmesin. -Nano particles should not
L L diffuse to our body”
‘Alerjik. —Allergic e o o ] o )
e Saglik problemlerini beraberinde getirir. - Brings
Saglik sorunlarl.”- health problems”
Health problems o .
Health . : Insan viicudunun hava almamasi. - Blocks pores of
Kanserojen. - skin”
Carcinogenic”

“Cilde zarar verir. - Harmful for skin”

“Nano par¢aciklar ¢ok kii¢iik oldugu icin viicudumuza
¢ok kolaylikla girebilir. - Nano-particles are very small,
very easily diffuse to the body”

“Cildi bozar. - Damages skin”

Hi-Tech Products

“Radyasyon ve teknolojiyle sorunlar. - Problems relate
to radiation and technology”




107

Table 4.29. Risk examples in each category in group discussion Pr2 and Pu2 cont.

Pr2 Risks of
Categories Nanotechnology

Pu2 Risks of Nanotechnology Examples
Examples

“Ozel hayata miidahale - Interference with private life”
“Issizlik orami artar. - Unemployment rate will increase”
“Insanlar aylak aylak dolasir. — Laziness”
“Hirsizlik artar. - The increase in number of theft”
“Ekonomik sorunlar. - Economic issues”

“Hizmet Sektérii. - “Cevre kirliligi. - Environmental pollution”
Service Sector” “Ozel hayati riske atiyor. - Private life in risk”

“Sanayi. — Industry” “Hava kirliligi. - Air pollution”

“Spidermanler “Gecko oriimceginden yola ¢ikarak hirsizlik olabilir. -
. L artacak. - Increase Gecko inspires theft”
Ethical/Political/ b id »” . 'p & e .
Socio-economical | e of spidermen “Devletler arasi iliskilere zarar verebilir ve hic
issues “Tembellik. — beklenmedik anda savaslar agilabilir. - Damage the
Laziness” relations between the state and unexpected wars”
“Issizlik. —

“Ozel hayata tecaviize hayir. — No to interfering private
Unemployment” life”
“Uretimin Diismesi. -

“Devletler bunu kotiiye kullanip sivil insanlarin olmesine
Decline in production”

sebep olabilir. - Misuse of nanotechnology by the states
may cause the deaths of many civilian people”
“Insanlar eslerini aldatamaz, gériinmezlik pelerini
yiiziinden.- With the invisibility cloak, people can easily
deceive their mates”

“Ozel hayat denen bir sey kalmaz. Insanlar bosanir. No
more private lives, people get divorce”

Figure 4.16. Example of a group discussion poster from Pr2 about risks of

nanotechnology.



108

As it was mentioned before, the discussion activity was done in two different ways.
First implementation was with Prl and Pul students, the second implementation was done
with Pr2 and Pu2 students. In Pr1 and Pul, all students discussed both risks and benefits of
nanotechnology after listening to a presentation. In Pr2 and Pu2, three groups discussed
benefits and the other three groups discussed risks. The aim of implementing two different
ways of discussion was to facilitate the NNW with an effective discussions activity. In
order to decide which implementation would be more effective, the NNAQ-post results of
Prl and Pul were compared with the NNAQ-post results of Pr2 and Pu2. Prl and Pulwere
taken as one group and labeled as Groupl; Pr2 and Pu2 were also taken as one group and

labeled as Group2.

The independent samples t-test was conducted to compare the NNAQ-post results of
Groupl (Prl and Pul) and Group2 (Pr2 and Pu2). There was a significant difference in the
scores for Groupl (Prl and Pul) and for Group2 (Pr2 and Pu2); t (76) =2.7, p=0.008.
When the groups discussed both risks and benefits they scored higher in NNAQ, then the
groups discussed one or the other (See Table 4.30).

Table 4.30. Descriptive statistics comparing NNAQ-post test scores of groupl (Prl and
Pul) and group2 (Pr2 and Pu2).

Groups N Mean Std. Deviation | Std. Error Mean
1 35 87.20 9.689 1.638
NNAQ-
post scores
2 43 81.00 10.247 1.563

Table 4.31. Independent samples t-test to compare NNAQ-post mean scores of groupl
(Pr1 and Pul) and group2 (Pr2 and Pu2).

Sig. Mean Std. Error
(2-tailed) Difference Mean

NNAQ-post

2,723 76 .008 6.200 2.277
scores
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The comparison of NNAQ-post results of Groupl (Prl and Pul) and Group2 (Pr2
and Pu2) was followed by another independent samples t-test. It was conducted to compare
responses given in the second question of NNCUQ. The results of this question were
analyzed since the question was about “benefits and risks of nanotechnology”. The
question was “Are you familiar with any of nanotechnology applications? If so, give

examples of nanotechnology applications. Where did you hear about these applications?”

The independent samples t-test was conducted to compare the NNCUQ-post results
of Groupl (Prl and Pul) and Group2 (Pr2 and Pu2). There was a significant difference in
the scores for Groupl (Prl and Pul) and for Group2 (Pr2 and Pu2); t (77) =2.4, p=0.17.
This result showed that the group who discussed both risks and benefits outperformed the
ones who did only one of them (See Table 4.32).

Table 4.32. Descriptive statistics comparing NNCUQ-post (2™ question) test scores of
groupl (Prl and Pul) and group2 (Pr2 and Pu2).

Schools N Mean Std. Deviation | Std. Error Mean
1 35 74 443 .075
posttest
2 44 48 .505 .076

Table 4.33. Independent samples t-test to compare NNCUQ-post (2" question) mean
scores of groupl (Prl and Pul) and group2 (Pr2 and Pu2).

¢ daf Sig. Mean Std. Error
(2-tailed) | Difference Mean
NNAQ-pre
and NNAQ- 2.448 77 .017 266 .108
post scores

As shown in Table 4.31 and Table 4.33, the independent samples t-tests which were
conducted to compare NNAQ-post results and the NNCUQ-post results revealed that

implementing discussion activity in two different ways had an effect on awareness.
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4.3.3. Analysis of Designing a Nano Product Poster Activity:

As it clarified in the previous sessions, the last activity that students took a part was
“design of a nanotechnology product”. Each group of students was asked to come up with
a new nano product idea, with a slogan and an explanation of it. Each group created a

poster that represents their product design idea.

Each poster was analyzed and the product ideas were placed in the categories that
were used in the second question of NNCQ and group discussion results. The frequency

distributions of the design ideas were shown in Figure 4.17 to Figure 4.22.

The categories that most of design ideas for all groups took in a place were
“nanotechnology products”, “health”. The category of “textile products” only observed in
Prl and Pu2. “Military and defense” observed in all groups except Pr2. “Hi-tech product”
category observed in Pr2, Pul and Pu2. No products took place in the category of “ethical /

political / socio-economical issues”.

Majority of students; 34% from Prl, 36% from Pr2, 43% from Pul and 30% from
Pu2 showed that they would like to design a “nano product” related to the “health”
category. The second most frequent design category was declared as “nanotechnology
products” for Pr1 with 32%; for Pr2 with 34% and for Pul with 29%. In Pu2, three of the
categories “nanotechnology products”, “textile products” and “hi-tech products” took the
same frequency of 20%. The third most frequent design category was found as textile
products” for Prl1 with 17%; for Pr2 it was “hi-tech products” with 18%. However, in Pul
“textile products” and “hi-tech products” categories resulted with same frequency that was
14%. “Military /defense” and “hi-tech products” category took 8% in Prl. No products
were designed relate to the category of “ethical / political / socio-economical issues” in Prl
and in Pr2. In Pr2, none of the product design ideas were belonged to “military / defense”
and “textile products” categories. In Pul, students did not design any nano products relate
to the categories of “military / defense” and “ethical / political / socio-economical issues”.

In Pu2, only “ethical / political / socio-economical issues” category did not take place

among students’ design ideas.



0%

B Nanotechnology Products

M Textile products

H Military/Defence

B Health

M Hi-tec products

H Ethical/Political/Socio-
economical issues
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Figure 4.17.Frequency results of initial categories in the poster design activity of Prl.

B Nanotechnology Products
B Health

B Hi-tech products

Figure 4.18. Frequency results of initial categories in the poster design activity of Pr2.
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0%

B Nanotechnology Products

H Textile products

B Military/Defence

B Health

M Hi-tec products

H Ethical/Political/Socio-
economical issues

Figure 4.19. Frequency results of initial categories in the poster design activity of Pul.

0%
B Nanotechnology Products

H Textile products

H Military/Defence

B Health

M Hi-tech products

® Ethical/Political/Socio-
economical issues

Figure 4.20. Frequency results of initial categories in the poster design activity of Pu2.

The initial categories merged into two categories which were “individual” and

“global” as it was done in the second question of NNCQ and group discussion activity.

Figures from Figure 4.21 to Figure 4.24 represented that “individual” category was
the most frequent category for Prl with 58%; Pr2 with 55% and Pu2 with 60%. For Pul,
the category of “global” had the highest frequency with 57%.
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B Individual
B Global

Figure 4.21. Frequency results of merged categories in the poster design activity of Prl.

B Individual

B Global

Figure 4.22. Frequency results of merged categories in the poster design activity of Pr2.

B Individual

B Global

Figure 4.23. Frequency results of merged categories in the poster design activity of Pul.
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B Individual

B Global

Figure 4.24. Frequency results of merged categories in the poster design activity of Pu2.

The nanotechnology product design ideas obtained from posters were listed in Table

4.34.
Table 4.34. Nanotechnology product design ideas.
Prl Pr2 Pul Pu2
“Borularda suyun
kolay akmasz. - “Ojelerin
Increase the capacity ¢tkarilmasini
of water flow through | kolaylastiran aseton. -
pipes” Increase the
“Nanoteknoloji ile efficiently of acetone
dis fir¢calamayi to remove nail polish” “Sampuan. — “Sprey
ortadan kaldiracak “Alti kirlenmeyen Shampoo” diizenegi. -
Nanotechnology .bz'r.szvz. -4 ..sp?cial ayakkab. - So,i’l “Her kapryt acan Spray 3
Products liquid that eliminates release shoes anahtar. - The key aggaratus
the use of tooth “Sampuan. — that opens every “Filiz Boya. -
brush” shampoo” door” Filiz nano
“Cok daha verimli “Yakat tasarrufu paint”
benzin. - More saglayan araba. -
efficient diesel” Saving fuel cars”
“Stimiigii burundan “Havay temizleyen
¢eken selpak. - Selpak | fotobot. - cleaning air
that removes mucus with fotobots”
easily”
“Perdelerin zor
kirlenmesi kiri
disarda tutmast. -
Keep the curtains v
Textile products away from dust” Nano kiyafe L
« . Nano clothes
Gazdan enerji
tireten i¢ camagiri. -
Energy producing
underwear”’




Table 4.34. Nanotechnology product design ideas cont.
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Pri Pr2 Pul Pu?2
“Kiictik bir
operasyonla avuca Seffaf Kalkan. -
Military/ gomiilen bir dinleme Nanotiirk “Koruma. —
Defense cihazi. - A listening Transparent shield: Defense”
device that is hidden Nanoturk”
in palm of hand”
“Anti depresanlarin
ortadan kaldirilmasi.
Elimination of anti-
depressants”
“Yemeklere konacak “Kilo aldumavan
bir madde ile a¢ligin . )
ortadan kalkmast - g:lko.lata. ) Chocg late .
Elimination of hunger with no calorie” “Nanoptik. -
by ad. diﬁg 4 ”Beyn? yerlestirilen “Nanobdcek. nano Nano optic”
substance o food” ogrenmeyi vbugs ” “Nanobocek
“Hareketsizligi kolaylastiran ¢ip.- “Saghik Kontrol Nano bugs”
Health azaliacak bir st - A Nanochip that Sistemi. -Health “Hastaliklar
liquid that re duées facilitates leai’ning” control system” teshis eden
immobility” “Nano saglik “Doktorobot. — cihaz. - A device
“Goz bozuklugunu robotlari. - nano Doctorobot” thazj diagnose
Sleiip ona gére ) health r(?bots v diseases”
degisen polarize lens. Eb;éec];:;on’ll.ékhlzli, .
- Special polarized
lens that detects eye
disorders and
changes
accordingly”
“Nanochip/32T
“Maddelere form B Naviglass. -
“Nano araba lastigi. - veren mini-max Nanochip/32TB
Hi-tech Nano car tire” teknolojisi. Mini- Naviglass”
Products ) “Isinlanma. - max technology “Amorf
Teleportation” that changes form | Tanecikli Sivi. -
of substances” A liquid with
amorf particles”
Ethical/Political
/Socio-
economical ) ) ) )
issues

Some of students’ poster designs of nanotechnology products were shown in Figure

4.25 to Figure 4.27.



Figure 4.25. Nanotechnology product design ideas of Prl.

QALTIND

FIE IR LER,
GoRobet

bt A s

Figure 4.26. Nanotechnology product design ideas of Pul.
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Figure 4.27. Nanotechnology product design ideas of Pu2.

4.3.4. Evaluation of the Workshop

Nanoscience and Nanotechnology Workshop Evaluation Questionnaire (NNWEQ)
were given to all participants at the end of the workshop. Students answered ten open-
ended questions for obtaining their evaluations about workshop by personal declarations
after attending the workshop. Data obtained from NNWEQ was evaluated in
quantitatively. Quantitative analysis was carried out individually for each group of
students. The frequent distribution of data obtained from NNWEQ was calculated in the
analysis of each category. The percentages of categories were calculated and evaluated

separately for Prl, Pr2, Pul and Pu2.

The collected data were read to define categories for each evaluation questions. The
initial categories that were seen in the data also inform the codes that were used for a

systematic analysis of the data.

In Question one, students were asked the question “What was the most informative
part of the workshop? - Atolye ¢alismasumin en bilgilendirici yami neydi” Students’
answers were transcribed in seven categories which were “activities and experiments”,

9 ¢ 2 e 2 e 9 ¢C

“presentations”, “examples”, “microscopes”, “use of nanotechnology areas”, “nano textile
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2 ¢

products”, “no answer”. The frequency percentages of categories that students gave to the

Question-1 were shown in Table 4.35.

Among all schools, the most frequent answer to the question-1 was “presentations”.
The percentages of the same answer given to this question were 55 % in Prl, 41% in P2,
29% in Pul and 34% in Pu2 respectively. The second most frequent response was
“activities and experiments”; 25% in Prl, 29% in Pr2, 29% in Pul and 46% in Pu2.
However, category of “microscopes” took place only in Prl with 10% and Pul with 7%.
Category of “use of nanotechnology products” took place in Pul and Pu2 with 4 % and 7%
respectively. The other category that only took place in two groups was “nano textile
products” with the frequency of 6% from Pr2 and 9% from Pu2. The percentage of
students did not give any response to the first question was 10% from Pr2 and 7% from

Pul.

In Question-2, students were asked the question “What was the not adequately
informative part of the workshop? - Atélye ¢alismasimin bilgilendirici olmayan yani
neydi?” Students’ answers were categorized into two categories which were “no, not exist”
and “no answer”. From Prl, 33% of students responded as “no, not exist”. The rest of the
students from Prl gave no answer to this question. Response of students from Pr2 were
equally distributed into two categories with 50%. Pul and Pu2 students gave responds of
“no, not exist” more frequently than the respond of “no answer”. The frequencies of “no,
not exist” category were 64% and 72% with respect to Pul and Pu2. While, the

percentages of the second category “no answer” were 36% and 28% for Pul and Pu2.

In Question-3, the question was “What was the most impressive part of the
workshop? - Atélye ¢alismasimin en etkileyici yan neydi?” The answer categories were
“use of nanotechnology areas”, “benefits and risks”, “STM and AFM”, “nano textile and
water activity”, “carbon nanotube”, “no answer”. For Prl, most frequent answer category
was “use of nanotechnology areas” with 28%, followed by the category of “nano textile
and water activity”. The rest of students’ answers were distributed evenly to the categories
of “benefits and risks”, “STM and AFM” and “no answer” with 6%. For Pr2, the answer

categories of “use of nanotechnology areas”, “benefits and risks”, “nano textile and water

activity” took place in 6%. The highest frequency category was “no answer” with 17%. No
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response given in the category of “carbon nanotube”. For Pul, most frequent answer was

2 13

“benefits and risks”. The categories of “use of nanotechnology areas”, “nano textile and
water activity”, “no answer” had the same frequency which was 11%. Similar to the Pr2,
no response was given in the “carbon nanotube” category. In Pu2, most popular answer
were “nano textile and water activity” and “benefits and risks” with 8%. The rest of the

categories were distributed with same frequency, 4%.

In Question-4, students were asked to respond to the question of “What is the most
fun part of the workshop? - Atolye ¢calismasinin en eglenceli kismi ne idi? ” There were six
categories of “nano textile and water activity”, “product design”, “hydrophilic and
hydrophobic activity”, “activities”, “stain test activity” and “group discussions”. The most
frequent response obtained from Prl was, “nano textile and water activity” with 44%, Pul;
for Pr2 “nano textile and water activity”, “product design” and “activities” were responded
with same frequency, which is 17%. Popular answer among Pul students was “product
design” with the 34%. It was followed with the answer categories of “nano textile and

99 66

water activity”, “activities” and “group discussions” with 22%. Any of students from Pr2
and Pul gave answers of “hydrophilic and hydrophobic activity”, “stain test activity”. For
Pu2, there were two popular categories with the same percentage. These categories were
“product design”, and “activities” with 25%. The rest of the categories had the frequency

of 13%.

In Question-5, students were asked the question “What was the most boring part of
the workshop? - Atolye ¢alismasmin en sikict boliimii ne idi?” Students’ answers were
transcribed in five categories which are “presentation”, “filling out activity papers”, “long
presentions”, and “no answer”. In Prl, most of the students gave answer of “filling out
activity papers”; 31%. In both Pr2 and Pul, most frequent response was “presentation”;
36%, 49% respectively. In Pu2, this category had a 27%. “No answer” category for Pu2
has the frequency of 50%. The second highest frequencies with respect to schools were
“presentation” for Prl and Pu2; 24%, 27% respectively, “no answer” for Pr2; 29%, “filling
out activity papers” and “not boring” for Pul; 19%. The third category “not boring” took
place in Pul with 19%, in Pu2 with 14%, in Pr1 with 19% and in Pr2 with 0%. Answer of

“questionnaire forms” given in only Prl and Pr2 with 7% and 14% respectively.
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In Question-6, students were asked the question “What are three things that should
be removed from workshop? - Atélye ¢calismasinin iceriginden ¢ikarilmasim onerdigin ii¢
sey nedir?” Four different categories for the answers were labeled as “all parts should stay
the same”, “filling out the activity papers”, “long presentations”, and “no answer”.
Percentages of “no answer” category were the highest among other categories for all
schools. For Prl and Pr2, “filling out the activity papers” category had the second highest
frequency category; in Prl with 23% and in Pr2 with 14%. For Pul and Pu2, category of
“long presentations” had the highest frequency. From the “all parts should stay the same”
category, the frequency percentages were as follows: 8% in Prl; 7% in Pr2; 14% in Pul

and 5% in Pu2.

In Question-7, students were asked to respond to the question “What are the things
that should remain in the workshop? - Atélye ¢alismasinda mutlaka kalsin dedigin seyler
var mi, var ise nedir?” For Prl, the category of “activities” took 24%; “textile” and
“video” categories took 18%; “presentation”, “product design” and ‘“‘discussions”
categories took 7%. The lowest frequency belonged to “contact angle” with 3%. In Pr2,
“textile activity” category took the highest percentage which was 31%. The category of
“presentaion” took 13%. The categories of “activities” and “video” had 8%. The three
category which were “product design activity”, “contact angle activity” and “discussion”
had the same frequency which was 6%. In Pul, with 22% the category of “product design”
took the highest frequency. It was followed by the category of “video” which had 21%
frequency. The “presentation” category took 15%; “contact angle activity”, “discussion”
categories with 4% and the “activities” and “textile” took 7%. Lastly, in Pu2, “activities”
category took the highest frequency; 41% then it followed by “textile” category with 23%.
“Product design” had a 12%, “presentation” had an 8% and “discussion” had a 6%. The

“contact angle activity” category was not mentioned by the respondents and took 0%.

In Question-8, the question was “What would you wish to have in the workshop? -
Atolye ¢alismasinda keske olsaydi dedigin seyler var mi, var ise nedir”” From all schools,
the highest response frequency belonged to the category of “no answer”; 38% for Prl; 67%
for Pr2; 62% for Pul and 75% for Pu2. The category of “using electron microscope” got
26% in Prl. 12% of Prl students stated that they would like to see “more details” in the

workshop. Same students’ responses showed that “seeing different nanotechnology
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products” and “seeing a real laboratory” had same response frequency of 6%. There was
no response from the category of “seeing more in campus”. In Pr2, the two categories
which were “use of electron microscope” and “more activities” hold 13%. The category of
“seeing different nanoproducts” took 7%. The other categories did not take place in
responses of Pr2. In Pul, “more details” category hold 16%. 7% of respond frequency
belonged to the categories of “use of electron microscope”, “seeing a real laboratory” and
“seeing more in campus”. The “seeing more nanoproduct activity” took 0%. The response
frequencies of Pu2 showed that, “seeing more activities” category took 14%; “use of

2

electron microscopy” and “seeing more in campus’ categories took 5%. The other

categories hold 0%.

In Question-9; students were asked “Would you like to attend another nanoscience
and nanotechnology workshop?- Bu atolye ¢alismasindan baska nanobilim ve
nanoteknoloji ile ilgili baska bir ¢alismaya daha katilmak ister miydin?”” Four categories
of responds were found. These were “yes”, “may be”, “no” and “no answer”. The highest
response frequency was obtained from the category of “yes”. The frequency percentage for
Prl was 85%; for Pr2 was 66%; for Pul was 53% and Pr2 was 80%. From the category of
“may be”, only Prl students were responded with 5%. From the category of “no”, the
frequencies were found as 5% for Prl; 10% for Pr2; 0% for Pul and 8% for Pu2. Addition
to that, 5% of Prl students’ didn’t respond to this question. From Pr2 24% of students

didn’t respond. The highest frequency belonged to Pul with 47% and Pu2 took 12%.

In the Question-10 the question was “What are your suggestions to improve this
workshop and to make it more effective? — Bu atélye ¢calismasini gelistirmek ve daha etkili
kilmak i¢in sizin onerileriniz nelerdir?” The highest frequency belonged to the category of
“no answer” with percentages of 52% for Prl; 40% for Pr2; 63% for Pul and 43% for Pu2.
For the categories of “longer break time”, “no idea”, “more visuals”, “STM — AFM”,
“more activities”, “shorter presentations” the frequency percentage was 8% for Prl. The
category of “seeing a real electron microscope” hold 20%, same with the category of “no
answer”. Two categories “more activities” and “it was good and effective” took 10%. The

rest of the categories took 0%. 22% of students from Pu2 gave answers o “it was good and

effective”. 13% of them suggested having “more activities”, 9% of them mentioned to
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have “shorter presentations” and “more visuals and “seeing a real electron microscope

shared same percentages which were 4%.

Table 4.35. Evaluation of the workshop.

Question Answer Prl Pr2 Pul Pu2
Activities and Experiments 25% 29% 29% 46%
Presentations 55% 46% 50% 31%
Examples 10% 10% 0% 4%
Question 1:
Most Informative Part Microscopes 10% 0% 7% 0%
of the NNW
Use of nanotechnology areas 0% 0% 7% 9%
Nano textile products 0% 6% 0% 9%
No answer 0% 10% 7% 0%
Question 2: No, not exist 33% 50% 64% 72%
Not Adequately
Informative Part No answer 67% 50% 36% 28%
Use of nanotechnology areas 28% 6% 11% 4%
Benefits and risks 6% 6% 17% 8%
Question 3: STM and AFM 6% 0% 0% 4%
Most Impressive Part Nano textile and water activity 11% 6% 11% 8%
Carbon nanotube 6% 0% 0% 4%
No answer 6% 17% 11% 4%
Nano textile and water test 44% 17% 22% 13%
Product design 10% 17% 34% 25%
Question 4: Hydrophilic and hydrophobic activity 10% 0% 0% 13%
Most Fun Part Activities 17% 17% 2%  25%
Stain test activity 10% 0% 0% 13%

Group discussions 10% 49% 22% 13%




Table 4.35. Evaluation of the workshop cont.
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Question Answer Prl Pr2 Pul Pu2
Presentation 24% 36% 49% 27%
Filling out activity papers 31% 7% 19% 23%

Question 5: ]
Not boring 19% 14% 19% 0%

Most Boring Part
Questionnaire forms 7% 14% 0% 0%
No answer 19% 29% 13% 50%
All parts should stay the same 8% 7% 14% 5%
Question 6: Filling out activity papers 23% 14% 7% 9%
Should be avoided Long presentations 0% 7% 29% 18%
No answer 69% 72% 50% 68%
Activities 24% 8% 7% 41%
Video 18% 8% 21% 0%
Textile activity 18% 31% 7% 23%
Question 7: Product design 7% 0% 22% 12%
Should stay Presentation 13% 6% 15% 8%
Contact angle measurement 3% 6% 4% 0%
Discussions 7% 6% 4% 6%
No answer 10% 35% 15% 10%
Using electron microscope 26% 13% 7% 5%
Seeing different nanotechnology
products 6% 7% 0% 0%
More details 12% 0% 16% 0%
Question 8:

wish to have More activities 12% 13% 0% 14%
Seeing a real nanotechnology laboratory 6% 0% 7% 0%
Seeing more in campus 0% 0% 7% 5%
No answer 38% 67% 62% 75%
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Table 4.35. Evaluation of the workshop cont.

Question Answer Prl Pr2 Pul Pu2

Yes 85% 66% 53% 80%

Question 9: May be 5% 0% 0% 0%
wish to attend further

workshops No 5% 10% 0% 8%

No answer 5% 24% 47% 12%

Longer break time 8% 0% 6% 0%

No idea 8% 20% 0% 0%

No answer 52% 40% 63% 43%

Question 10: More visuals 8% 0% 0% 4%

any ideas to develop STM - AFM part 8% 0% 0% 4%

and redesign the

workshop More activities 8% 10% 18%  13%

Shorter presentations 8% 0% 6% 9%

It was good and effective 0% 10% 6% 22%

Seeing a real electron microscope 0% 20% 0% 4%

4.3.5. Analysis of Interviews

As it is mentioned in the previous sections, there were semi-structured pre-interview
and post-interview protocols, which consisted of questions that aimed to measure students’
awareness, views and basic knowledge on concepts of nanoscience and nanotechnology.
This instrument was used to obtain more detailed information in comparison to the paper-
pencil NNAQ and NNCUQ instruments result. While Pre-interviews were conducted a
week before the workshop, post-interviews were conducted few weeks after the workshop
(See Table 3.6). Interviews as a qualitative data collection strategy were used to acquire in

depth information.

Descriptive statistics are given related to the qualitative data collected from pre-

interview and post-interview protocols. Frequency distribution of the answer categories
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were analyzed and compared with each other. Some of the categories will be exemplified
by selected student responses. Student responses given for each interview questions were

organized question-by-question.

The data gathered from semi-structured pre-interview and post-interviews were
transcribed and read cautiously three times. Two students were selected from Pul, Pu2,
Prl and Pr2 for the interviews. Pre-interviews were conducted with 8 students so that,
Post-interviews were conducted with same &8 students. As a result, 16 interview
transcriptions were completed. The collected data were read with an eye for themes,
categories, patterns and relationships for each interview questions. The initial themes and
categories that were seen in the data also informed the codes that were used for a

systematic analysis of the data.

Analysis of the qualitative data were facilitated by organizing the data in columns of
a table that could be sorted by respondent ID number, question number, response and code
that assigned during the analysis. For each response; ID number, question number,
response were entered. When all questionnaire responses have been entered, the
information was sorted as it was needed. For example, the column of question number was
sorted so that all the responses to each question were obtained together. Then coding and
analysis of data question by question were done. A set of codes were developed using both
codes that were predefined and ones that emerge from data. Identifying these, the codes
were added to table for each response. Coding was done in order to gain understanding of
how respondents perceive nanoscience and nanotechnology. Coding also helped to reduce
data into smaller groups; so, it helped to see relationships between the categories and

patterns.

Data were also reviewed by an expert who was the thesis advisor and a graduate
student in science education who also actively participated as a mentor in development and
implementation of NNW. This allowed for different perspectives on the data. To test the
inter-rater reliability, the raters determined which category each student responses fell into
and then the percentage of agreement between the raters was calculated. The raters agreed

9 out of 10 times, and then the inter-rater reliability of the test had 90% of inter-rater
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reliability rate. As a result of comparisons, the coding categories of all data were modified

and took the last form.

The frequency distribution of data obtained from pre-interview and post-interview

instruments were calculated in the analysis of each category.

4.3.5.1. Pre-Interview Results. Starting with each pre-interview question, the coding

categories are as follows:

In Question- 1, students were asked the question “Kendini kisaca tanitir misin?.-Can

you introduce yourself?”

In this question only, no categories were coded since all the students were introduced

themselves by stating that they were studying science and they were in 11" grade.

In Question- 2, students were asked the question “Gelecekte hangi alanda ¢calismayi

diistintiyorsun? - In which field would you choose to work in the future?”

The codes were “engineering”, “arts and science” and “not sure”. Students who
would like to study in a department of engineering faculty gave answers as mechanical
engineering, automotive engineering, and aerospace engineering. The coded category of
“arts and science” consisted of physics, molecular biology and genetics, biology, sociology
or psychology. Only one student stated that he did not decide on which field he would like

to work in the future.

In Question-3, students were asked the question “Nanobilim ve nanoteknoloji
terimleri ile daha onceden karsilastiniz mi? Evet ise nerede karsilastimiz? - Have you

heard about nanoscience and nanotechnology before? If yes, where did you hear them?”

The codes were identified as yes “I have only heard” and “I have heard where...”
There was one student mentioned that he only heard about nano as a scale, he could not
give an example. Whereas, in the second category, students’ answers revealed that,
students heard about nanotechnology from various sources. These sources were clothes,

science and technology magazine cover page, documentaries in television channels and
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internet. Only one student from Prl stated that he heard about nanotechnology from

clothes that are used while doing sport.

“Bir kag kiyafette filan duydum sanirim, mesela ...... vardi. Spor igin, normalde ¢ok
kiigtik oluyorlar ama giyince babam bile giyebiliyor — I think I've heard a few clothes i.e.

’

... had. For workout normally they have small sizes, but even my father can wear.’

Another student from Pul stated that he only heard about nanotechnology from
science and technology magazine cover page, since he was not interested in science, he

said he did not read and get information about nanotechnology.

“Nanoteknoloji terimi ile karsilastim teknoloji dergi kapaklarinda gormiisiimdiir
ama hi¢ ilgimi ¢ekmedigi icin o isim boyle kimya ile ilgili seyler, hi¢c arastirmada
bulunmadim-1 met with the term nanotechnology which drew my attention in technology

’

magazine covers, yet I did not make a research about it as it did not attract me.’

There were two students who heard about nanotechnology from documentaries,
television channels like Discovery Channel. In addition, there were two other students
mentioned that they heard nanotechnology from science and technology magazines. There
was one student from Pu2 heard about nanotechnology from both documentaries and

science and technology magazines.

“Daha once bu Bilim Teknik, Bilim Cocuk kitaplar:, dergilerinin kitaplarini
okuyordum orada gormiistiim.../Bir de belgesellerde de gormiistiim. Discovery
Channel’daki oradan taniyorum birazcik- Earlier I saw when I was reading Science and

Technology magazine. Additionally, I have seen in documentaries in Discovery Channel.”

There was another student from Pu2 who heard about nanotechnology from internet
sources. He also had acquaintance with nanotechnology from one video game he played a
while ago. He could not remember the name of the game. He only remembered in that

video game, there were clothes produced by nanotechnology.



128

The Question-4 was “Nanobilim ve nanoteknoloji terimleri senin igin ne ifade
ediyor? -What does nanoscience and nanotechnology mean?” For this question, four
different categories were formed. These were “scientific”, “scientific with alternative

b3

fragments”, “nonscientific” and “no answer”.

There was only one student who stated that she could not define the terms of
nanoscience and nanotechnology was from Pul. The rest of the responds mentioned “small

b 1Y

particles”, “small size”.

One student from Prl required the keyword of “nanoscale” to answer. The student
described nanotechnology by telling that it was about the materials produced and

applications done at nanoscale. His response was:

“Nano olgekte yapilan icatlar, o diizeyde ¢alisan geregler.-The nano-scale

inventions run on that level.”’

One student Pul just gave a rough explanation by saying that nanotechnology was

about small things. It was in the category of “nonscientific”.

“Nanoteknolojinin kiiciik parcaciklarla ilgili birsey oldugunu biliyorum. - I know

’

that nanotechnology is about small particles.’

Three students however, explained what they meant about saying “small” while they
were giving explanations about nanoscience. One mentioned small particles as “atoms”
and nanoscience as science that dealt with atoms, small particles. Nanotechnology as

similar to nanoscience produces things with small sizes of matter.

“Nanobilim: tahminimce nano oldugu icin, atomlarla ugrasan, maddenin en kiigiik
haliyle ugrasan bilim dali gibi, tarif edebilirim sanirim. Nanoteknolojiyani yine maddenin
en kiiciik haliyle birseyler yaratan caligma.-Nanoscience: my guess nano a branch of
science deals with atoms, the smallest form of matter. Nanotechnology uses this smallest

form of matter to create something.
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The other student mentioned “small” as things that can be seen by microscopes.
Based on these, nanotechnology was described as a type of technology that is created by

the help of nanoscience.

“Anladigim kadar ile ufak seyler iste. Nasil a¢iklayablirim? Mikroskopla gériilen.
Nanoteknoloji ise Nanobilim ile gelistirilen bir teknoloji - To my understanding small
things which can be seen with microscope. Nanotechnology is a technology developed

using nanoscience.”
The other student said “small” was related to chips.

“Nano sanirim kiigtik seylerle ilgili. Biiyiik ihtimal ¢ip tarzi seylerdir - I guess related

with small things, most possibly they are something like chips”

Only one student gave nano scale as 10”. In explanation, small robots that would use

in ate of medicine; military that would effect on people’s lives were mentioned.

“On tizeri eksi dokuz degil mi, o derecedeki par¢aciklarin iste t1bbi alanlarda askeri
alanlarda ve daha alanlarda alet i¢in kullanilmas: nanobilim deyince aklima sey geliyor
kiictik kiiciik robotlar gibi insanlarin sistemini etkileyecek birseyin yapilmasi geliyor
aklima. — Particles of minus ninth power of ten used in medical military and other

applications. Nonoscience reminds me small robots that will affect people’s lives.

One student’s answer differed from the others since he mentioned the practical issues
of nanotechnology. He stated that nanotechnology enables to change size of materials
make them smaller while keeping their functions. This way, the use of materials would be
more practical. He also gave an analogy between concentrated detergents and

nanotechnology products.

“Nasil anlatayim hani simdi deterjanlar: konsantre yapmaya basladilar ya bunu da
onun gibi diigiiniiyvorum hani daha maddenin daha en ufak haline kadar inip daha biiyiik

birseyi daha ufak daha pratik bir sekilde halletme daha az yer kapliyor gibi bir sey — I



130

think of it as concentrated detergents. It is like something goes to its smallest state and it

becomes more practical as it takes up less space.

In Question-5, students were asked “Nanobilim ve nanoteknoloji hakkinda neler
biliyorsunuz, Bu konuda bildiginiz giincel arastirmalar var mi? - What do you know about
nanoscience and nanotechnology? Do you know some of recent research about this

subject?”’

The categories obtained were “No, I haven’t heard before”, “I have heard some news

9% ¢¢

about nanotechnology”, “I know some old news about nanotechnology”.

There were three students who had not heard any news about nanotechnology before.

One student reminded news that was about a material that can take the advantage of

quantum energy would be related to nanotechnology. But, she was not sure about that.

Another student reminded Discovery Channel news that was about small things that

put into human body. He could not remember the details.

From the category of “I heard some news”, one student stated that he was a
swimmer. So, he had knowledge about the swimming suit that was produced by using
nanotechnology. In the design of this swimming suit, shark skin was imitated. The same
student also gave example of chips that may be used in robots. Two students gave

examples from the past.The examples given were related to military and health.

“Su anda bilmiyorum birka¢ senedir ilgilenmedim de daha oJnceden biraz
ilgileniyordum. Yani hatirladigim askeri alanda ¢alismalar var tehlikeli olacagin
diistintiyorlar insanlar icin tbbi alanlarda c¢alismalarini biliyorum yani biraz artik
insanlarin mesela endoskopi icin bu kullanilabilir bir teknik t1bbi anlamda ¢ok iyi bir
teknik. - I do not know, I haven't interested for the last years, I was a little bit interested
previously. As far as I remember, there were efforts in the military field that would be
dangerous for humans. I know some medical studies, for example it might be used for

endoscopy which is very good method.”
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The last interviewee also mentioned that from several internet sources he gained

some information about the use of nanotechnology laboratories in some countries.

“Ashinda soyle hani bir siirii iilkenin bunun tizerine calistigini iste bazi biiyiik
tilkelerin  laboratuarlar  kurduklarimi  biliyorum da ne ¢alismalar, internette
karsilagiyordum veya duyuyordum hani oralardan aklimda kalmig ama ne iizerine
calistiklarint yani neler gelistirdiklerini en azindan bilmiyorum. — I know that many
countries work on this subject, some large countries established laboratories for studies as
a have seen on the internet. Yet, I don’t know what they work on and what do they

develop.”

In the Question-6, it was asked “Nanoparcacik, karbon nanotiipler, STM ve AFM
terimlerini sizin igin ne ifade ediyor? Daha once karsilastiniz mi? - What do you know

about nano particles, carbon nanotubes, STM and AFM? Have you heard them before?”

The themes of the question answers were categorized into two categories which were
“no, I didn’t hear before” and “I only heard about nano particles”. Six students responded

that they didn’t hear about nanotechnology before.
The rest of the students only gave some explanation about nano particles.

One student explained nano particle as the smallest particle. She mentioned that she

did not hear the terms of carbon nanotubes, STM and AFM.

“Nano par¢acik, en ufak parcacik, digerleri yok duymadim — Nano particle is the

’

smallest particle, I didn’t hear about the others.’

The other student stated that nano particle was something related to 10° scale. He

also mentioned he didn’t know the other terms.

In the question -7, students’ awareness about benefits and risks of nanoscience were
questioned. The question was “Nanobilim ve nanoteknoloji hangi riskleri ve faydalar

beraberinde getiriyor? Bir vatandas olarak bu konuda yeterli bilgiye sahip oldugunuzu
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diigtintiyor musunuz? - What are the benefits and risks of nanoscience and

nanotechnology? As a citizen, do you think that you are knowledgeable enough?”

Except one student, six of the interviewees responded from the category of “only
benefits” and two responded from the category of “both benefits and risks”. Among those
students, only one student did not give an example for the benefits. He only pointed out

that nanotechnology should have benefits for technology. He responded as follows:

“Bir risk getirdigini diigiinmiiyorum ama teknolojik olarak illaki bir faydasi vardir. —
I don’t think that it brings any risks. However, I believe that it certainly has technological

benefits.”

In other responds, the benefits of nanotechnology were revealed as its benefits for
producing more durable and efficient products especially military equipments such as
bullets, improving health technology to overcome diseases like tumor easily, enable us to
do things in microscopic scale. Two students pointed out the benefits about human health.

One student stated the benefits about military. The respond that was about military is here:

“Yapilan seylerin esya olsun, kiyafet olsun, daha dayanikli daha verimli daha ¢ok
alanda kullanulabilir seyler olmasimi saglayabilir. Savasta kullanilabilir diye tahmin
ediyorum. Kullanilan her teknoloji sonucta kullanilyyor askeriyede o yiizden belki
merminin daha verimli daha fazla hasar vermesini saglayacak birseyler yapilabilir. — It
might make things be goods or clothing to be more efficient, used in many areas and be
more durable. I guess that can it can be used in battles. Ultimately every new technology is

used in military, so projectiles might be more efficient to give more damage.”

Two responds that were about human health were:

“Riskleri konusunda suan birsey soyleyemiyorum da yararlari insan saghgi ile ilgili
cok biiyiik yararlari olabilecegini diistiniiyorum ama, viicuda girerse ne bileyim tiimoriin
nerede oldugunu daha net bulabilir diye diisiiniiyorum. - I can not say anything at the
moment about the risks and benefits but I think it might be very useful for human health. 1

think it can find the tumor’s place more accurately.”
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“Bilim ve teknolojinin mi, yani yararlar olarak insanlarin hayatini daha da
kolaylastirabilir. Mesela en 6nemli sey olarak saglik, tipta ilerleme insanlarin saglig icin.
Mesela eskiden insanlar ¢ok daha kolay hastaliklar icin élebiliyorlarmis ama simdi daha
da mesela kanser falan onunla élebiliyor. — It can make people’s life easier. For example,
the most important thing is health, progress in medicine for people's health. For example,

people in the past died from simple diseases, but today many die from cancer.”

One possible risk stated as decrease of amount of human work, decline in human

work capacity. In other words, it would reduce the efforts of human being to work.

“Bilim kétiiye kullanilabilir. Gelistirilen herseyin yan etkisi de oluyor. Zarar olarak
da soyle kolaylastirtyor kendi ¢abamizi azaltiyor ¢ok ilgi uyandirmiyor. Olmam gerekir
ama yeterli bilgiye sahip degilim. - Science can be exploited. Every development leads to
side effects. It makes it easier and makes it more effortless reducing our interest. But I do

’

not have enough information.’

From two students who gave answers for both benefits and risks, first student
exposed that nanotechnology could ease people’s life; however at the same time it brings
some risks. These risks were about production of weapons, shielding clothes, nano things
that may attack. This student also mentioned that he has not enough knowledge about
nanoscience and nanotechnology. He also compared himself with the society. Although he
found himself more knowledgeable than the rest of the society, he still felt that he was lack
of enough knowledge on this subject.The other student gave answers for both benefits and
risks described that the risks would be in the area of military, whereas the benefit would be

about practicality that nanotechnology would bring to people’s life. One example was:

“Daha ¢ok askeri alanda bu teknolojiyi gelistireceklerini diistintiyorum ¢iinkii
insanlar hani biitiin devletler kendilerini savasa hazirliyorlar veya disaridan gelecek
tehlikelere karsi korumak istiyor boyle yeni bir teknoloji bulduklari zaman da hani en
azindan deneyecek yani askerlerin itizerinde bakalim etkisi nasil olacak daha iyi bir asker
olacak mi diye bence bu zarari olur. Giinliik hayatta pratik olarak ¢ok fazla seye yardimci
olabilecegini diisiiniiyorum ben en azindan eger gelistirilirse bazi seyler. - I think more to

develop this technology in the military field. Because of the people and the states are
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preparing themselves to war, or they want to be protected against threats from outside.
They will try, at least when such a new technology is developed. So they will look at the
impact on the soldiers. I think that would be the loss. I think in practice it can help so many

other things in daily life, at least some things will be developed.”

In question -8, students were asked “Nanobilim ve nanoteknoloji hakkinda ne merak
ediyorsunuz? Ne ogrenmek isterdiniz? - About what aspect of nanoscience and

nanotechnology are you curious about?”

Two categories were formed. These categories were about being curios or not about
nanoscience and nanotechnology. Categories were “not curious about nanotechnology”,

“curious about nanotechnology”.

From the first category, there was only one answer. One stated that he was not
curious about things relate to technology. From the second category, the answers varied
according to interviewees. The first interviewee was curious about how to obtain a nano
particle, what to produced and developed by nanotechnology, the laboratory environments.
The second student said he was curious about definition, application areas, benefits and

risks, especially learning the basis of nanotechnology.

“Oncelikle tanimi hangi alanlarda kullaniliyor, yararlar zararlari, en azindan
temelini 6grenmek isime yarar. - First, the definition, areas it is used in, losses and

benefits. At least I could learn the foundation.”

Another student was curious about the connection of genetics and nanotechnology,

especially the subject of stem cells.

In another response, students said they would have liked to learn about what

nanotechnology with application areas, benefits and risks, its place in their lives.

One other respondent included that he would have liked to learn why

nanotechnology was used to produce weapons. He would have liked to learn about harms
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that would have been given to people. He also added that, taking answers to such questions

was the reason to attend this workshop. His response was:

“Teknoloji hakkinda silah yapiminda ne i¢in kullanildigini ogrenmek isterdim, daha
¢cok insanlara verecegi zararlari diisiinmek isterdim. Yani benim amacim bu, ¢alismaya
girme amacim. Bunlari merak ediyorum. - I would like to learn about how technology is
used for making weapons. I wish more people think about the harmful effects. So it is my

intention to enter the study.”

The Question -9 was, “Nanobilim ve nanoteknoloji hakkinda okulda bir ders almay:
ister miydin? Ya da bir dersin igerisinde ogrenmek ister miydin? - Would you like to take a
nanotechnology course at school? Or would you like to learn about nanotechnology in
your science lessons?” The response categories were formed as “No, not would like to
attend such courses”, “Yes, I would like to attend such courses”. There was only one
student said no. He mentioned that, he was not interested in science in general. The

answers from the category “yes” had some detailed explanation.

First student said he had not attended such activity before and he added that it would
be interesting for students. Another student shared that he would also like to take
nanotechnology courses at school, he also added that he was already curious about

nanotechnology and would like to search more about nanotechnology at home.

The other interviewee also added that since nanoscience was about science, he would
have liked to be informed more about nanoscience. He also stated that getting information
about nanoscience would enable them to learn where to use and how to use it and learn the
possibilities of integrating nanoscience to other work areas. Attending such a course

considered as useful to get information about benefits of nanotechnology.

“Evet yani yeni bir sey sonucta bilimle ilgili isterdim: Iste nerelerde kullanildigim
biliriz, biz ilerde iste is alanlarumizda bunlart sey yapabilir miyiz?, kullanabilir miyiz?
bilmek ne kadar yararlidir bizim icin béyle seyleri?. - Yes, something new about science
that I wish: Here we know where they can be used. Can we use them in our fields we work

1

in the future? How useful to know such things for us.’
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One student looked through a different perspective. He mentioned that, in public
schools there were not enough facilities such as science laboratories already. He thought
that having a nanoscience workshop was impossible since schools’ infrastructures were

inadequate. Therefore, he suggested integrating nanotechnology into science courses.

“Yani okulun altyapisi yetmez ki. Yani itilkemizdeki deviet okullarinin laboratuarimiz
yvok yani nanoteknoloji atélyesini nasil yapacagiz? Dersin igeriginde olmasini isterdim. -
So the school does not have enough infrastructures, there is no laboratory in public
schools. How would nanotechnology laboratories are build in schools? I wish that

nanotechnology was in course content.”

The last interviewee shared his opinion about taking nanotechnology courses at
school. He said taking such courses would be helpful although it would not be an easy

course compare to other courses they took at school.

“Ashinda iyi olur o kadar sagma dersler goriiyoruz ki belki agir gelir ama ilk basta
bir siire sonra alisiriz. - "In fact, we see many absurd courses. Perhaps, it might be

difficult at first, but after a while you get used to at first”.

In the Question -10 expectations of students about the NNW were asked “Bu atolye
calismasindan beklentileriniz nelerdir? - What are your expectations about this
workshop?” According to the responses, two categories coded as “I have no expectations”,

“I have some expectations such as...”

Out of eight students, only two students answered that they had no expectations from
the workshop. First student gave the reason as having no information about nanoscience
and nanotechnology. Second student shared his curiosity and mentioned that he was a

volunteer attending this workshop.

The answers from the second category which was “I have some expectations such

as...” varied among the interviewees.
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One student from Prl stated that he was interested in seeing microscopes. He also

guessed that the workshop may require activities about nano fabrics.

One student from Pr2 and one student from Pul shared similar expectations as
spending time and learning new things in a laboratory of a prestigious university. Student
from Puland Pu2 mentioned that they were willing to learn more about new technological
developments happening in the world. The student from Pul also added that learning
technological development would also increase his awareness. The student from Pu2 also
told that attending this workshop would affect some of students’ decision on future work
areas, may be few of them would choose to work in areas related to nanoscience and
nanotechnology. Another student from Pu2 shared his interest to learn about technological
developments and applications especially in Turkey. One selected response from Pul

student was:

“Evet, goniillii oldum. Ciinkii merak ettim sonugta bir yerlerden birseyler
duyuyorsun ama ne oldugunu bilmiyorsun merak ettim, 6grenmek istedim. Iste dedigim
gibi hayatimizda nelerde var mesela bizim bilmedigimiz belki de birgok sey de vardr.
Onlart bilmek, daha bilingli olmak, ona gore davranmak tabi.- Yes, I volunteered.
Because, you heard about things that you ultimately do not know. I was curious about it
and would like to learn about it. Here's what's on in our lives, for example, as I said there
are many things we do not know, perhaps. Knowing them, become more conscious and

subject to act accordingly”.

In the last question, students were asked whether they had additional things to add to
this interview. “Sizin de eklemek istediginiz birsey var mi? - Would you like to add

something?”

Out of eight students, six of them said “No, thanks”. However, one student from Pr2
and other student from Pul shared similar opinions. They suggested that it would be better

to have nanotechnology activities in their schools before they visited the university.
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4.3.5.2. Post-Interview Results. Post-interview questions included twenty questions

which consisted of pre-interview questions, Nanoscience and Nanotechnology Workshop
Evaluation Questionnaire (NNWEQ) and few additional questions to get more detailed
information about students’ views on the workshop. The results obtained from the
responds to these questions will be compared to pre-interview responds and NNWEQ

responds and the similarities and differences will be discussed in the discussion chapter.

Similar to the pre-interview questions, for each question answers were coded and

categorized.

In Question-1, students were asked the question “Nanobilim ve nanoteknoloji
atolyesine katilmis olman, nano ile ilgili kavramlari anlamani arttirdi mi? - Does
attending Nanoscience Workshop increase your understanding of nano related concepts?”
The only answer category that was obtained was “Yes, attending workshop increased
understanding about nano”. Four students, two from Pul and the other two from Pu2 gave
similar responds. They mentioned that, before attending the workshop, they had almost no
ideas about nanotechnology, whereas after workshop they gained new information about
nanotechnology. Addition to that answer, student from Pul told that the presentations and
activities led them to get informed about basic terms of nanotechnology. Pu2 also pointed
out that they learnt new things by doing activities. From the Prl, two of the students
mentioned that they learnt about different applications in the field of nanotechnology. In
Pr2, one student responded that he had some basic knowledge about nanotechnology
before the workshop; he also learnt new things and increased knowledge of
nanotechnology. The other student from Prl also gave some examples of nanotechnology
application that were discussed in the NNW. The applications were about technologies of

war, stain-resistant clothing and things in the medical field. The respond was as follows:

“Genel olarak nanoteknolojinin hangi alanlarda c¢alistigint anlamami saglad
ozellikle genel katkisi o oldu. Mesela savas teknolojileri tekstil tarzi seyler hani kiyafetti
leke tutmayan seyler, tip alamindaki seyler. - In general, the overall contribution of
nanotechnology in particular that helped me understand what working areas of
nanotechnology are. For example, war technologies, like textile style stuff like stainless

clothes, things in the medical field.”
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The second question was “Nanobilim ve nanoteknoloji terimleri senin icin ne ifade
ediyor?- What does nanoscience and nanotechnology mean?”. Same question was asked in
the pre-interview too. It was repeated in the post-interview to see whether there was any
conceptual change or not. The categories formed in pre-interview were also used in the
post-test. These categories were “scientific”, “scientific with alternative fragments”,

“nonscientific” and “no answer”.

For this question, there were no answers from the category of “no answer”. For the
other three categories, there were some similarities. Each respond mentioned “nano
particles” as small particles. They used the term “nano particles” in their definitions. There
were two answers, one taken from a student of Pr2 and Pu2 described nanoscience and
nanotechnology separately. These two answers placed in the category of “scientific with
alternative fragments”. The Pr2 student responded as nanoscience is the field of science
that is about nano particles. Add to this, the same student described nanotechnology as the

technology that uses nano particles.

“Nanobilim yani ufak parcaciklardan olusan bilim. Nanoteknoloji parc¢aciklaria
yvapilan teknoloji. - Nanoscience the science of small particles. Nanotechnology is

technology that created by particles.”

The other answer from this category was from Pu2 student as nanoscience was the
field of science that investigates nano particles whereas nanotechnology was about the

application of nano particles such as stain-resistant fabrics.

“Nanobilim herhalde yani nano boyuttaki parcalart arastiran bilim dall.-

Nanoscience probably researching the science of nano-sized pieces.”

“Nanoteknoloji de o bilimin c¢ikardigt seyler uygulama gibi... O gordiigiimiiz
kumaglardaki seyler gibi falan olabilir mesela. - Nanotechnology is the things like the

application of science...For instance, it might be something that we saw in such fabrics”
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The other Pr2 and Pu2 students also mentioned about nano particles as nano-sized
particles. However, they did not explain nanoscience and nanotechnology separately. One

example response was:

“Nano boyuttaki parcaciklar ile yapilan arastirmalar. — Research on nano-sized

particles”

Two of the other students from Pul explained nanotechnology by only giving an
example that they learnt in NNW. Their answers were placed into the category of
“nonscientific”. The examples were about nano-fabric applications and nano sprays that

enable water-resistant surfaces.

In Question-3 was asked “What nano-related concepts did you understand? -

Nanobilim ile ilgili hangi konular: daha iyi anladin?”

2% ¢

The answer categories were formed as “applications”, “applications with examples”,

“no answer”

From Prl, both students responded as daily life applications. They did not mention
specific examples. Their answers placed in the category of “applications”. Pr2 students’
answers were placed in the category of “applications with examples”. First student of Pr2
gave the examples from the activities done in NNW related to hydrophobic property;
“water drop activity” with leaves, nano material coated napkin. One interviewee from Pu2
also mentioned the “water drop activity” in which water stayed on the hydrophobic surface
in shape of a drop. Second student of Pr2 gave example of nano robots and applications
that take inspirations from nature. One of Pul student also gave example of water-resistant
materials and nano-sprays for coating a surface and makes it water-resistant. She also said
that, after attending NNW and gaining information about its daily use applications, she
bought a nano-spray for her shoes. The other student from Pu2 gave examples of military

clothes that are durable. Only one student from Pu2 responded as “I do not remember”.

One new question was asked as the fourth question “Which nano-related concepts

challenged you? - Nanobilim ile ilgili hangi konular: anlamakta zorlandin?” The
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categories formed were “didn’t have difficulty, everything was clear”, “I had some

difficulties where...”.

Out of eight students, three students from Pu2 responded that everything was clear in
NNW. From Prl, first student mentioned information about the process of production of
new materials, how to do applications in nanotechnology were not informative enough.
The second student also pointed out that information about production of nano materials
and how these materials were used in nanotechnology were incomplete. From Pr2, one
student said information given from videos about electron microscope and AFM were
exceeding their understanding since they were in advance level. The other student of Pr2
stated that he did not understand the terms such as “bucky ball”. One student from Pul said
that he had difficulty to understand Richard Feymann’s saying “Why cannot we write the

entire 24 volumes of the Encyclopaedia Brittanica on the head of a pin?”

In the fifth question, students were asked “Nanobilim ve nanoteknoloji konusu
hakkinda aklinda kalan Nanobilim ve Nanoteknoloji arastirmalar: var mi? - Are there any
research studies that remain in your mind?” Two answer categories were found. One was
“nothing”, the other was “I remind some examples such as...” In the answer category of
“nothing”, two answers were placed. One from student of Prl and the other from student of
Pu2. The rest of the students gave examples that they kept in mind. The other student of
Prl said research relate to microscopes were interesting. From Pr2, one student mentioned
nano suits as an example. The other Pr2 student gave a general answer as daily life
applications. From Pul, both students gave similar answers. One other Pu2 student also
shared the same answer. The answer was about the short film “The Man in the White Suit”
that was shown at the beginning of the NNW introductory presentation. In that film, the
main character was the researcher and making research about a new fiber. One sample

respond was given as follows:

“Aklimda kalan arastirmalar beyaz elbiseli adam diye bir sey hatirlarsiniz
Film O gergekten ¢cok seydi sizin onun hakkinda yaptigimiz arastirmalarda ¢ok eski
tarihlere dayanmasina ragmen gergekten ¢ok ilgi ¢ekiciydi. - Remember one thing which
was about the man in white suits. Although the research you done about that movie was

form old times, it was still really interesting.”
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In the question 6, it was asked "Sizce Atélye Calismasimin en bilgilendirici yani
neydi? - What was the most informative part of this workshop?" This question was also

b1

asked in NNWEQ. The categories were “all informative”, “the informative part was...”

One student from Pu2 stated that NNW was informative as a whole. The respond

was:

“En bilgilendirici... Sonucta yasadigimiz zamanda ¢ok onemli bir bilim hepsi
bilgilendiriciydi ve hi¢birsey bilmeyen bir insan i¢in ¢ok iyi bir ¢aliymaydi. — The most
informative...it is one of an important field of science in our century and it was a great

study for the ones who do not know anything”

The rest of interviewees gave different responses. Prl students found application
examples informative. First student said the part that the microscopes were informative.
Second student said nano textile part was informative. From Pr2, one student mentioned
about benefits and risks discussed in NNW were informative. He gave details as
applications in health for benefits and military for risks. Second student from Pr2 said
applications and their use areas. No specific example was given. From Pul, both students
revealed that activities conducted in NNW were the most informative parts. Second student
from Pul also added that activities part were the most informative since they had a chance

of learning by doing. One of Pu2 said presentation parts were informative.

The Question -7 asked “Sizce Atolye Calismasinin en etkileyici yani neydi? -What
was the most impressive part of this workshop?". According to the responses, the

99 ¢c

categories obtained were “nothing”, “the exciting part was...” and “all”.

One student from Prl found nothing exciting in the workshop. This answer formed
the category of “nothing”. In addition, there was one student from Pul found all parts of
the NNW interesting. The rest of the students’ answers varied. The other student of Pr2
found Lotus effect interesting. Two more students from Pr2 and Pu2 shared same interest.
They also gave example of Lotus effect. The student from Pu2 stated the similarity of
Lotus flower and nano textile products. The gecko example also found very interesting by

Pr2. The other student from Pr2 found nano-coated napkin activity interesting. From other
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interviewee of Pul the respond was taken as nano-coating examples. This student also

mentioned that he saw nano-coated textile advertisements on TV after attending NNW.

In the Question-8, students were asked "Bu atolye c¢alismasi nanobilim ve
nanoteknoloji ile ilgili goriislerinde nasil bir degisime sebep oldu? - Does this workshop
make any changes in your views about nanoscience and nanotechnology?". "Knowing
wide range of application areas", "being more knowledgeable about nanotechnology" were
two of the categories obtained from this question. Two students from Prl mentioned that
attending NNW gave them opportunity to realize different application areas of
nanotechnology. The rest of the students stated that attending NNW increased their
knowledge about nanotechnology. As an example to the responses given for this question

was:

“Yaratti, ben ¢iinkii daha once bir film izlemistim onda da nanoteknoloji
kullamliyordu ama cok ufak béyle. Ismini hatirlamiyorum ama ¢ok ufak capl cipleri
kullanarak onu da yapryorlardi. Ben hani sadece o sekilde o tarz bir sey saniyordum.
Halbuki ¢ok genis bir alanmis. - Yes, indeed, because once I watched a movie, where a
little in it was used the nanotechnology. I do not remember the name, but they were doing
nanotechnology by using a very small-scale chips. I thought that nanotechnology was only

about that kind of things. However, it is a very rich field of science ™.

In the Question 9, the question was “Nanoparc¢acik, karbon nanotiipler, STM ve
AFM terimlerini sizin i¢cin ne ifade ediyor? - What do nanoparticle, carbon nanotube, STM
and AFM mean?” This question was asked in also asked in NNCUQ and pre-interview.

99 <¢

“Don’t remember anything”, “only remember some of the terms”.

From the category of “only remember some of the terms”, the answer of students
varied. One student from Prl only defined nanoparticle and carbon nanotube. He stated
that he could not remember STM and AFM. Second student from Prl gave similar
definitions to nano particles and carbon nanotubes as the first student of Pr1. They defined
nano particles as nano sized particles. They also defined carbon nanotubes as cylindrical
shaped structures. The second student from Prl could also define STM and AFM as

microscopes used in nanotechnology. From Pr2, first student defined nano particles as
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small particles without mentioning how small they were. She could not remember carbon
nanotubes and STM and AFM. Second student from Pr2 tried to explain how small nano
particles were. However, he could not remember how small they were. He could not
remember carbon nanotube too. He tried to explain the difference between STM and AFM.
However, he could not remember which one was about scanning with a prope from a short
distance and which one was about touching the surface with a sharp prope gently. The
student from Pul tried to describe nano particles with nano factor 10”. However, he could
not remember. Carbon nanotube was described with its cylindrical form. STM and AFM
were described in details. For STM, it was stated that it was used for scanning the surface.
For AFM, it was mentioned it was used for making some calculations. The other student
from Pul could give a detailed and scientific explanation about nanoparticle. Nanoparticle
defined as small particles with nano factor of 10™. It was also added that there are smaller
particles than nano particles. Carbon nanotubes described with their property of being
easily folded and their carbon structure. Their resistance also mentioned. STM and AFM
were described as one was used for scanning the surface, the other was for touching the
surface. One student from Pu2 could not remember anything. The second student from Pu2
defined nano particle with nano factor 10” correctly. However, carbon nanotube could not
explain. About STM and AFM, they described as microscopes but no details were given.

The quota that shows all the explanations of terms was the following:

"Nanopar¢acik en kiigiik birim ama daha kiiciikleri de var. On iizeri eksi dokuzdu
galiba. Karbon nanotiip o kivrilabilen olandr degil mi? Dayaniklyydr ama sekil
alabiliyordu. Dizilimi karbondu. STM AFM Onlar, biri yiizeyi tarayarak biri de dokunarak
mi 6yle Bir seydi? - Nanoparticle is the smallest, but there are other smaller particles. 1
was ten to the power minus nine I quess.. Is not that carbon nanotube the one that can be
bend? Tough but it could take shape. It was made up of carbon chains. STM, AFM; one by

tapping, the other one of the scanning surface, isn’t it?”

In the Question -10, it was asked “Nanobilim ve nanoteknoloji hangi riskleri ve
faydalar: beraberinde getiriyor? - What are the benefits and risks of nanoscience and
nanotechnology”. This question was also took place in pre-interview. In the pre-interview,
the answer categories were formed as “only benefits”, “both benefits and risks”. In the

post-interview, the only category formed was “both benefits and risks”. The answers of
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this question had similar benefits and risks. In Pr1, one student gave example to risks from
the military field. “Invisibility” issue stated as risky. Same student gave medical field as
example to benefits of nanotechnology. The second student from Prl also gave similar
answers. The only differerence was, he did not specifically give example to risks, only
mentioned that risks would be about military field. One student from Pr2 mentioned war
technology in risks and medical field in benefits. The other student from Pr2 mentioned
war in risks, and making life easier in benefits. In public schools, Pul students also gave
examples to risks from military field, production of special weapons; health was given as
example of benefits. The other student from Pul mentioned that risks and benefits could be
about same field, such as medical field, health. According to the other student from Pu2,

benefits were about textile industry and risks were about development of arms industry.

In the Question -11, students were asked “Nanobilim ve nanoteknoloji hakkinda ne
merak ediyordun? Atélye ¢alismasinda ogrenebildin mi? - What were you curious about

before the workshop? Were you able to learn about it during the workshop?”

There was only one category obtained which was “I was curious about...” One of
students from Prl was curious about application areas and processes of applying or doing
nanotechnology. Pr2 answered similar, he was also curious about application part. In Pr2,
first student was curious about nano itself, since she had no initial idea about nano related
subjects. The other student from Pr2 was also curious about applications and impacts on
our lives. In public schools, Pul students were curious about its applications. One of Pu2
students however, also mentioned that he would like to do some experiments in NNW and
he did some during NNW. The other student from Pu2 revealed that he gained new

information about nanotechnology after attenting NNW.

In the Question-12, students were asked "Sizce Atélye Calismasinin en az

bilgilendirici yani neydi? - What was the least informative part of this workshop?"

Out of eight students, half of them answered from the category of "No, not exists"

n

From "the informative part was..." category, students' responses were varying.

Similar to the previous answers of the student Prl, the least informative part was how we
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apply this technology. The other Prl student also mentioned about the process of the
applications, more technical parts. One student from Pr2, found NNW as very informative.
But he also added that although NNW was informative, the information shared was a bit
advance level. The other Pr2 student said there would be more examples related to
application areas. First student from Pul found NNW very informative. She also added
that the level of information given suited to high school students. The other student of Pul
and two of the students from Pu2 shared the same opinion. They thought that NNW was

informative enough.

The Question-13 was asked as “Nanobilim ve nanoteknoloji hakkinda okulda bir
ders almay: ister miydin? Ya da bir dersin igerisinde 6grenmek ister miydin? - Would you
like to take a nanotechnology course at school? Or would you like to learn about
nanotechnology in your science lessons?” In the pre-interview the categories were formed
as “no, not would like to attend such courses”, “yes, I would like to attend such courses”.
However, in the post-interview results it was revealed that there was only the category of
“Yes, I would like to attend such courses”. Most of the students gave short answers like
“Olsa memnun olurdum. - I would be happy about that”, “Kesinlikle isterdim. - I would
love to attend” *“, Kesinlikle — Absolutely”. .Only one student from Pr2 had a detailed
suggestion. He suggested that, since their school was a small one, nanotechnology could

better to be offered as an elective course. For crowded schools, he also suggested

nanotechnology club activities.

In the Question-14, it was asked "Bu atélye ¢alismasindan beklentileriniz nelerdi?
Beklentilerini karsiladi mi? - What were your expectations about the workshop? Were your

expectations met?"

The categories were "No, expectations were not met", "Yes, expectations were met".
Except one student from Pr2, the rest of the students' expectations were met. They

suggested similar expectations such as learning about nanoscience and nanotechnology.

In the Question-15, students were asked "Bu atolye c¢alismasindan sonra
nanoteknoloji ile ilgili baska arastirmalar yaptin mi? - After this workshop, have you done

other research about nanotechnology?”
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Out of eight students, three students did not make additional research about
nanotechnology. Two of these students were from Prl, one of the students was from Pul
and the other student was from Pu2. Another student was from Pr2 searched for gecko
from the internet at home. The second student from Pr2 searched for applications of
nanotechnology from the internet. One student from Pul made research about nano textile
products and also nano-coating materials. She also bought a nano-spray after NNW.
Another student from Pu2 also mentioned the Internet search that was done about

nanotechnology applications.

The questions from 16 to 20, same questions were asked at NNWEQ.

In question 16, students were asked "Atolye calismasinin igeriginden ¢ikarilmasini
onerdigin sey var mi, var ise nedir? - Is there anything that you recommend to remove
from the content of the workshop?" The categories obtained from the answers were

"Should stay the same", “The part that can be changed was..."

Four students, three of them from public schools and one from Pr2 said they enjoyed
the NNW. They shared that all parts should stay same. From the second category “The part
that can be changed was..." different answers were obtained. From Prl, one student gave
the answer of “scale activity” in which, different pictures were given to students and they
were asked to put them in order. The other student from Pr2 stated that filling out activity
papers should be omitted. From Pr2, first student explained that videos about electron
microscope and AFM could be removed from the content. The same student mentioned
that without videos the duration of workshop could be less. One student from Pul said

video recording during the workshop could be omitted.

In the Question-17, it was asked "Atélye calismasinda mutlaka kalsin dedigin sey var
mi, var ise nedir? - Is there anything that you recommend to keep within the content of the
workshop?" The answer categories formed were "hands-on activities", "nano-product
design". The answers of the students pointed out the hands-on activities done during
NNW. Only one student recommended nano-product design activity. From the answer
category of "hands-on activities", first student from Prl recommended that “The Black

Box activity” should stay in NNW. The other student of Prl and two students from Pul
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and one student from Pu2 gave a general answer as "all activities" rather than stating a
specific example. One student from Pr2 gave detailed information about the hands-on

activities suggested to remain in NNW. The quota was as follows:

“Daha ¢ok videoyla degil de hani zaten deneyerek bizim de yaptigimiz gordiigiimiiz
seyler o yapraklari, peceteyi, kutulari, onlar mutlaka kalsin. —not seeing by video but the

hands-on activities we saw and did like leaves, napkin, boxes...they must remain”

The Question-18 was, "Atélye ¢alismasinda keske olsaydi dedigin sey var mi, var ise
nedir? - Is there anything that you wish to have within the content of the workshop?" The
answer categories obtained were "It was adequate", "no idea”, “I wish there was..." Three
students stated that they had no idea. One student from Pul said the workshop was
successful and enjoyable. Both students from Prl stated that they would like to see real
microscopes. One student from Pr2 suggested adding some cartoons about
nanotechnology. The other student from Pr2 recommended having more application

examples. Another student from Pul said the break time between the sessions of NNW

could be longer.

In the Question -19, students were asked "Bu atolye ¢alismasindan baska nanobilim
ve nanoteknoloji ile ilgili atolye ¢alismalarina katilmak ister miydin? - Would you like to
attend other nanotechnology workshops?” Two answer categories were "Yes, I would
attend" and "No, I wouldn't attend". There was only one student answer from the category
of "No, I wouldn't attend". This student gave the reason as not having advance knowledge
about nano. The other students mentioned that they would like to attend. Add to this, one
student from Pr2 also suggested to have a discussion platform as a workshop about

nanotechnology.

In the last question of post-interview, it was asked "Bu atélye ¢calismasini gelistirmek
ve daha etkili kilmak i¢in sizin onerileriniz nelerdir? - What are your suggestions to make
this workshop more effective?” Two categories were "No, I do not have any

nn

suggestion","yes, [ have a suggestion".
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There were two students who did not give any suggestions. One student was from
Prl and the other was from Pr2. The other responds from the category of "Yes, I have a
suggestion" differ from each other. One student from Prl suggested giving more
information about technical background of nanotechnology. One student from Pr2
suggested giving advertisements about NNW and making more people to hear about it.
Similar suggestion came from student of Pu2. It was recommended to conduct many more
workshops in other schools to inform more people about nanotechnology. The same
student also added that since attending NNW, he admired nanotechnology. One student
from Pu2 suggested including more daily life examples. The other student from Pu2

recommended adding more presentations to NNW.
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5. DISCUSSION AND CONCLUSION

The current research study was designed and conducted to investigate 11" grade
students’ awareness and conceptual understanding of nanoscience and nanotechnology
through a nanoscience and nanotechnology workshop (NNW) while introducing such an
important emerging area of science to high school students. The NNW was designed and
implemented at Bogazici University, Istanbul. This was a mixed-method study, which
involved qualitative and quantitative approaches. The quantitative part was planned as pre-
experimental design (pre-test and post-test design without a control group) and the
qualitative part included the interviews, observations and artifacts. In this study, a sample
of 79 students from 11™ grade was included. The students were coming from two different
private schools and two different classrooms of one public school. The sample included 18
students from the private school 1 (Prl); 19 students, 6 of which were grade 12, from the
private school 2 (Pr2); 17 students from public school 1 (Pul) and 25 students from public
school 2 (Pu2).

This study was as an attempt to introduce nanoscience and nanotechnology education
opportunities to students as citizens and also as future scientists. The NNW can be also
considered as a helpful entity for teachers to direct their students’ attention to an emerging
area of science and technology, nanoscience which could also be connected to some
important scientific concepts such as surface area to volume ratio, covalent bonding,
intermolecular forces, surface tension, the concepts of hydrophilic and hydrophobic
surfaces covered in regular chemistry curricula. However, as Greenberg (2009) mentions,
finding connections between curricula and nanoscience is not an easy task and these
connections are not always apparent for high school teachers. Nanoscience education
projects enable successful integration of nanoscience into secondary school classrooms. As
it was pointed out that in NanoSense project which is an example of nanoscience education
projects with appropriate preparation and guidance, engagement with well-designed
activities could help students to conceptualize core principles that explains the particles in
nanoscale and improve students’ awareness about science by introducing them to emerging

ideas of science and recent real-world applications of science (Schank et al., 2010).
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As Schank et al. (2007) points out that nanoscience education can promote students’
scientific literacy and also prepare them for their further studies. On the contrary, Osborne
(2007) reveals that being a scientifically literate citizen by covering the basic concepts of
science is not enough in the 21% century. In fact, more opportunities to provide advanced
science studies are needed. Moreover, Greenberg (2009) states that nanoscience and
nanotechnology education and the training of the new generation mean skilled workforce
in those areas in near future. The Vision 2023 project, Turkey classified nanotechnology as
one of the strategic technology fields. This could be considered as an evidence of a need
for nanoscience and nanotechnology education in high school level. Roco (2003a) also
argues that nanotechnology education has an effect on the advancement of
nanotechnology. Meaningful and relevant experiences in nanoscience and nanotechnology
topics should be introduced to high school students so that the number of students who
develop an interest in nanoscience as well as think nanoscience related careers for the

future will increase (Schank et al., 2010).

In this study, the first hypothesis was “There will be a significant increase in 11"
grade students’ awareness of nanoscience and nanotechnology after attending the
Nanoscience and Nanotechnology Workshop (NNW)”. Student awareness before and after
attending the NNW was evaluated through the NNAQ. The 5 point Likert-type
Nanoscience & Nanotechnology Awareness Questionnaire (NNAQ) was composed of one

part with 20 items.

In order to see the effect of the NNW on students’ awareness of nanoscience and
nanotechnology, different comparisons between the participating groups were done. Before
testing the hypothesis, the participant students were compared with respect to their initial
awareness of nanoscience and nanotechnology. Since no significant difference between the
students was found, all students were considered as one single group, and the pre-NNAQ
and post-NNAQ scores were compared. The whole sample was used to evaluate the
NNW’s effect on students’ awareness of nanoscience and nanotechnology. In the second
comparison, public and private schools were compared with respect to their pre-NNAQ
and post-NNAQ scores. Two classes from the public high school were compared with the
two classes from the private schools to evaluate if there were any differences between

public and private schools. In the third comparison, four classes were compared separately
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to evaluate the effect of the NNW on students’ awareness of nanoscience and
nanotechnology in different classes. The analysis results of the hypothesis 1 are based on

these three comparisons ended up with different conclusions.

First of all, before the instruction, both public and private school student groups
demonstrated similar level of awareness about nanoscience and nanotechnology. It was
found that both groups had similar level of prior awareness about nanoscience and
nanotechnology. One way ANOVA test results showed that there was no significant (<.05)
level effect of school background on pre-test scores of NNAQ for the conditions. Based on
this result, all the classes were considered as one large sample for the first comparison.
This was an expected outcome when students’ prior learning about nanoscience and
nanotechnology was considered based on the current science curriculum. The interview
questions related to awareness of nanoscience and nanotechnology also showed that results
were in line with NNAQ. It was found that 13% of students had prior awareness of
nanoscience and nanotechnology but could not remember where they heard the two terms.
It was revealed that 87% of students were aware of nanoscience and nanotechnology
concepts from the media such as the Internet and the news as well as some nanotechnology
products such as sport products like clothes. This was also consistent with some previous
studies, which have aimed to highlight where most students learned the term “nano”.
Studies on public awareness of nanotechnology showed that pointed mass media is
currently a key factor influencing public awareness about nanotechnology. The study of
Waldron et al (2006) showed that most individuals surveyed had heard about
nanotechnology from popular press. This finding has been consistent with the current
study. In that study, 1500 individuals were surveyed in which teens (aged between 14-17)
comprise 5% of the sample and it was found that about 40% of respondents across the age

grade of 14-17 were familiar with the term nano.

As NNAQ-pre test scores of student groups did not significantly (p>.05) differ from
each other, all participants were also considered as one group. The effect of workshop on
the students’ awareness was analyzed by paired sample t-test to compare NNAQ-pre and
NNAQ-post scores. There were 20 items and the total score of the test was 100. As alpha
(2-tailed) value showed, NNAQ-pre and NNAQ-post scores on NNAQ differed
significantly (p=.000). The descriptive study results also showed that the mean of the
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scores had an increase in the NNAQ-post scores of participants; it was found to be
M=83.6456 as the NNAQ-pre scores of participants was M=40.2658. These results
revealed that, attending workshop had increased the awareness of students in terms of
nanoscience and nanotechnology. This result was consistent with the results obtained from
the previous studies, which also aimed to increase the awareness of nanoscience and
nanotechnology through specific workshops (Akaygiin, 2010a, b; Schank ef al., 2010). The
results and the conclusions of the evaluation of Nanosense project reported that students

made significant gains in understanding of nano-related concepts, (Schank et al., 2010).

The results obtained from the second comparison of the Hypothesis 1 revealed that
when private schools were compared with public schools in terms of their NNAQ-pre and
NNAQ-post scores, the mean of the scores showed an increase in the NNAQ-post scores of
both private and public schools; they were found to be M=81.0541 for the private schools
and M=85.9286 for the public schools. Moreover, the mean of score of the private schools
in the NNAQ-pre-was M=40.9459 and the mean of score or that of the public schools was
M= 39.6667. In order to determine whether there was a significant change in both private
and public schools paired samples t-test was used between private and public schools.
Paired samples t-test was conducted for private schools and a significant difference in the
scores for NNAQ-pre (M=40.95, SD= 12.636) and NNAQ-post tests (M=81.05,
SD=11.597) for public schools; t (36) = -15,543, p=.000 was found. Paired samples t-test
conducted for public schools revealed that there was a significant difference in the scores
for NNAQ-pre (M=39.67, SD= 13.359) and NNAQ-post tests (M=85.93, SD=8.764) of
public schools; t(41) = -21,375, p= .000 . In order to determine whether there was a
significant difference between the NNAQ-pre mean scores of private and public schools,
independent samples t-test was used. As a result of the independent sample t-test analysis,
pre-NNAQ mean scores of private and public schools showed no significant difference
(p>.05). Similar to that, NNAQ-pre mean scores of private and public schools showed no
significant difference. The analysis of NNAQ-pre and post mean scores of each student
group were also calculated by nonparametric tests. Nonparametric tests were used since the
sample size per each school was small. These results were summarized and concluded as
school difference in terms of private and public did not create any significant difference
between either NNAQ-pre or NNAQ-post test results. All in all, the analysis of the

hypothesis 1 revealed that there was a significant increase in 11" grade students’
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awareness of nanoscience and nanotechnology after attending Nanoscience and
Nanotechnology Workshop (NNW). In other words, NNW was effective in promoting both
private and public students’ awareness in the aspect of scientific concepts such as
nanoscience and nanotechnology. Studies comparing nanoscience and nanotechnology
awareness of private and public high school students could not have been found from the
literature. However, there were some studies conducted to examine public awareness of
nanoscience and nanotechnology (Cobb and Macoubrie, 2004; Scheufele and Lewenstein,
2005; Burri and Bellucci, 2008; Waldron et al., 2006). Lu’s study (2009) mainly focused

on undergraduate students’ awareness regarding to nanoscience and nanotechnology.

In order to test the second hypothesis, different sample groups were formed for data
analysis, which was similar to the sample groups used in the data analysis of the NNAQ.
To analyze the effect of workshop on conceptual understanding of all participants’ both
descriptive statistics and paired sample t-test were applied. Descriptive statistics was
carried out in order to compare the students’ mean scores in the Questionnaire of
Conceptual Understanding of Nanoscience and Nanotechnology given before (NNCUQ-
pre) and after (NNCUQ-post) the workshop. The mean of score of the students in the
NNAQ-pre was M=13.56 and the standard deviation for that scores was SD= 6.057. The
mean of the scores showed an increase in the NNAQ-post scores of participants; the mean
and the standard deviation for those were found to be M=22.73and SD= 7.216,
respectively. In order to determine whether the difference between the NNCUQ-pre and
NNCUQ-post mean scores was significant or not, paired samples t-test was used. As a
result of the analysis, the difference between NNCUQ-pre scores (M=13.56. SD=6.057)
and NNCUQ-post test scores (M=22.73and SD=7.216) of students were found to be
statistically different (p=.000), t (78) = -11.796, p=0.000. It was concluded that both
descriptive statistics and paired samples t-test showed that NNCUQ-pre and NNCUQ-post
scores of all students improved after attending the NNW. As it was analyzed for hypothesis
1, descriptive statistics and independent samples t-test were carried out in order to compare
private school students’ and public school students’ mean scores of NNCUQ-pre and
NNCUQ-post. It was found that, the mean of NNCUQ-pre scores showed a significant
increase for both private (p=.000), and public schools (p=.000) after attending NNW. The
mean of NNCUQ-pre scores for the private schools was M=16.16 and that of the public

schools was M=11.26. The standard deviation of scores of the private schools in the
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NNCUQ- was SD= 6.067 and that of the public schools was SD= 5.095. The total score of
the NNCUQ-pre and NNCUQ-post test were 43. The mean of the scores showed a
significant (p=.000) increase in the NNCUQ-post test scores for both private and public
schools; and they were found to be M=25.65 for the private schools, and M=20.17 for the
public schools. The standard deviation of NNCUQ-post scores were SD= 7.436 and
SD=6,008. NNCUQ-pre and NNCUQ-post scores of each private and public schools were
compared with nonparametric sign test and descriptive statistics were obtained for

students’ pre and post test scores in NNCUQ.

For data analysis in this part, nonparametric sign test was used to determine if there
was a significant difference between NNCUQ-pre and NNCUQ-post test scores. The
reason for nonparametric sign test being used was the small sample size in each group. The
number of participants from Prl, Pr2, Pul and Pu2 were 18, 19, 17, and 25 respectively.
When the NNCUQ -post test mean scores were compared, it was found that NNCUQ-post
mean scores for Prl was higher than the mean scores of other groups. It could be suggested
that, this difference might be due to the readiness level of this group to the workshop based
on the observations of the researcher about this group. It was observed that, the mentor
teachers who took Prl to the workshop showed their interest to attend this workshop and it
may also have a positive effect on students to actively participate to the workshop and took
more benefits compare to others. After attending the workshop, the Prl also mentioned
about the workshop in their school newspaper and they made a short presentation at their
school about what they had learned in NN'W. On the contrary, NNCUQ-post mean score of
Pul was found lower than the other groups’ mean scores although, there was not a
statistically significant difference between the post test scores of the groups. The reason for
observing lower mean score of Pul in NNCUQ-post may be due to missing data. In other
words, the number of students from Pul who did not response to NNCUQ—post test was

high in number so that, it resulted with a low NNCUQ-post means score.

The results support the hypothesis 2 because a significant increase in conceptual
understanding of nanoscience and nanotechnology of 11" grade students who attended
Nanoscience and Nanotechnology Workshop (NNW) was found. Overall, the findings
showed that the workshop increased students’ conceptual understanding of some

nanoscience and nanotechnology related concepts. This was evidenced by the significant
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NNCUQ-pre to NNCUQ-post test gains. Nonetheless, students’ responses in NNCUQ-
post and in post interview questions showed that students still had difficulties with
scientifically describing nano-related concepts such as nanoparticles, carbon nanotube,
buckyballs, STM and AFM. Based on the results, it appeared that students had difficulty in
understanding of why properties of a substance differ in nanoscale. Add to this, students
also had difficulty to understand the scientific background of nanotechnology applications.
This was clearly seen in students’ responses that were given in the post interview question
number 4. The question was “Which nanorelated concepts challenged you?-Nanobilim ile
ilgili hangi konular: anlamakta zorlandin?” The frequency distribution showed 62% of
students stated that they had some difficulties in understanding. Two of the students from
Prl stated that they had difficulty in understanding of scientific mechanisms of
nanotechnology applications and nanotechnology products. Another student from Pr2
declared that he had difficulty to understand the mechanisms of the microscopes
introduced during the workshop, such as electron microscope, STM and AFM. One student
from Pul mentioned that it was difficult to visualize how small nano is. Therefore, these
findings were consistent with the findings of Schank et al. (2010) where NanoSense
Project including four different nanoscience related curriculum units were developed,
pilot-tested and revised. These units were suggested that nanoscience related concepts need
to be inserted to the whole or in part of the high school chemistry curriculum. In the final
year of the project, evaluation of the curriculum was conducted based on implementations
in six different high school classrooms. Short tests including 4-8 questions were developed
to assess students’ knowledge of concepts covered in the NanoSense units. A six question
survey which was adapted from the study of Siegel and Ranney (2003) was implemented
to assess the changes in students’ attitudes. The goal of the evaluation was to investigate
whether the curriculum accomplished its purpose or not. First, students’ understanding
about nano-related concepts and the nano-related concepts that challenged them were
evaluated. The results of the study showed that by NanoSence project implementations,
students’ understanding of some nano related concepts increased. However, a need for
improvement was also mentioned. It was found out that students were challenged by
understanding nano-related concepts and the scientific background of their applications. It
was also revealed that students’ perceptions changed in terms of seeing usefulness of

science in daily lives.
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The analysis of the research question three examined whether Nanoscience and
Nanotechnology Workshop (NNW) includes various outcomes obtained from students or
not. The analysis was done for five different outcomes. First one was, analysis of the open-
ended question in NNCUQ (the second question); second one was the analysis of group
discussion of benefits and risks of nanoscience and nanotechnology; the third one was the
analysis of nano product design poster; the fourth one was the evaluation of NNW and the

last one was the interviews done before and after the workshop.

The analysis of the open-ended question in NNCUQ which sought for answer to
students’ awareness of any nanotechnology applications showed that the students’ answers
for the second question of NNCUQ could have been categorized into seven categories
which were nanotechnology products, textile products only, military/defense, health, hi-
tech products, ethical/political/socio-economical issues, more than one category answer
and no answer. The frequencies and percentages of the pre and post test answers were
found for each school. The frequencies of response categories for the second question
showed that the answers in the categories of “nanotechnology products” and “textile
products” were more than the others. The other category which was remembered mostly
was the “hi-tech products”. The percentage of the response of “textile products™ category
answer’s percentage was 9 % in NNCUQ-pre test and the percentage was increased to 41
% 1in the post test. The increase in the percentage of answers for this category could have
happened both due to the presentations and the activities of the workshop included the
example of “nanotechnology textile products”. To investigate possible differences among
the students' NNCUQ-pre and NNCUQ-post answers for the second question, first the
categories were formed and then chi-square analysis was conducted. “No answers” were
taken as missing data. As the expected value in any category was found to be less than 5,
the Chi-Square could not be run for testing with these categories. Therefore, for these cases
the categories were merged under two categories; individual benefits and global benefits.
Individual benefits included sub- categories of various nanotechnology products, textile
and hi-tech products. Global benefits had sub-categories of “military / defense / health /
ethical / political / socio-economical issues”. Answers that fit into more than one category
were classed under new categories according to number of response types. Students’
responses showed that frequency of answers given from the category of “Individual

benefits” were higher than the frequency of answers given from the other categories. It was
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consistent with the frequencies of prior categories since individual benefits included sub-
categories of various nanotechnology products, textile and hi-tech products. These were
the popular answer categories. The answers for both initial and merged categories revealed
that “global benefits” category that included “military / defense”, “health” and “ethical /
political / socio-economical issues” was not represented at a higher frequency. This result
could have been because of lack of integration of examples discussed in the NNW related
to this category. On the other hand, it could be summarized that, students showed more
tendency to give examples which were mentioned in the workshop. The number of
responses given for the second question in NNCUQ-pre was 31, and then it increased to 47
in NNCUQ-post. Chi-square test was run for the number of responses given in the second
question of NNCUQ-pre and NNCUQ-post. The test statistic was no statistically
significant: x> (1. N=78) =0.39. p=.532. Therefore, it could be concluded that there were no
statistically significant difference in the number of NNCUQ-pre and NNCUQ-post
answers for the second question. This could have been due to missing data in NNCUQ-

post. Students might not have wanted to fill in the NNCUQ-post instruments.

As a second outcome, group discussion activity on “Risks and Benefits of
Nanoscience and Nanotechnology” was analyzed. The activity was implemented in two
different ways. To compare the effectiveness of these two different implementations of the
same discussion activity; the first implementation done with Pr1 was repeated by Pul, the

second implementation done with Pr2 was repeated by Pu2.

In the first implementation done with Prl, an introduction presentation that included
some examples of benefits and risks were shared with students to give them some idea
before group discussions. After the presentation, each group was asked to discuss the risks
and benefits of nanoscience and nanotechnology as a group. It was followed by sharing
ideas with other groups. The implementation revealed that, students discussed only the
benefits and risks shown in the presentation. Their answers were limited by the content of
the presentation. Although, group mentors tried to encourage them to come up with new
ideas, students had difficulty to think of other examples of benefits and risks of
nanotechnology. Based on this observation, it was decided to revise the implementation
and compare its effectiveness with the first implementation. The second implementation

with Pr2 started with forming new discussion groups. This time, whole class separated into
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two big groups. The idea was that, sharing ideas with other members of workshop may
enrich the benefits and risks examples. One group was assigned to list risks of
nanotechnology; the other group was assigned to list benefits of nanotechnology. When the
group works completed, groups discussed benefits and risks, shared their opinions and
made a list of benefits and risks of nanotechnology. This discussion part was followed by a
short conclusion presentation that summarizes some of risks and benefits of
nanotechnology. The products of the activity showed that, students’ answers varied
compared to the implementation groups of Prl and Pul. Since only the Pr2 and Pu2
schools were asked to list the benefits and risks on a poster, the frequency table included
the answers obtained from these two groups. It can be concluded that, the second
implementation was more effective when compared to the first implementation in terms of
various examples of benefits and risks given by students. For example, the common
categories from the discussion presentation and the students’ discussion responses were
“nanotechnology products”, “health”, “hi-tech products”, “ethical / political / social /
economical issues”. Students’ responses also included “hi-tech products” and “textile
products” category. These categories were only mentioned in the introduction presentation
of NNW. It can be concluded that, students could remember the examples given in the
previous parts of NNW and built discussions on the benefits and risks of these examples.
The products of the second implementation also showed that, students gave some examples
for each category which were not mentioned during the presentations at the NNW. Some
examples from nanotechnology product category were “‘fon daha kalict olur- Straight hair
will be more permanent”, “hergiin ytkamaya gerek olmayan saglar- women do not have to
wash hair every day if nanotechnology is applied”, “tadi bitmeyen sakiz- chewing gum
with non-ending taste”; from the category of textile products an example was “su ge¢irmez
kiyafet-waterproof cloth *, from the category of health, some examples were “yaslanmay:
geciktirir-prevents aging”, “kirisikliklart onler-prevents wrinkles”; from the category of
military and defense, one example was “goriinmez tank-invisible tank”, from the category
of hi-tech products, one example was “molekiiler bilgisayarlar ortaya ¢ikar-molecular
computers will be used”, from the category of “ethical / political / socio-economical”
issues, some examples were “Turizm gelisir-development of tourism”, “giinliik hayatta
kolaylik saglar-ease daily life” , ”zamandan, yoldan enerjiden tasarruf-energy efficient in
terms of time and distance”, “geri doniigiim bakimindan ¢evre kirliligi azalir-interms of

recycling it reduces environmental pollution”. These examples for each category pointed



160

out a common idea that, students’ beliefs about nanotechnology was “to make life easier”
with its products. The examples of nanotechnology products also revealed that
nanotechnology was considered as a solution for daily life problems related to health,
economy, energy and environment. The results of the analysis of interviews revealed that
the categories about benefits were found to be “health”, “textile products” and “ethical /
political / socio-economical issues”. The percentage of respondents stated their beliefs
about benefits of nanoscience and nanotechnology was 75%, whereas 67% of them gave
answers related to “health” category. Ho ef al. (2011) identified seven items to measure
perceived benefits of nanotechnology. Some of these items showed a similarity to the
categories formed in this study. The common items were “Nanotechnology may lead to
new and better ways to threat and detect human diseases”, “Nanotechnology may lead to
new and better ways to clean up the environment”, “Nanotechnology may help use to
develop increased security and defense capabilities”, “Nanotechnology may lead to the
technologies that will help solve our energy problems”, “Nanotechnology may
revolutionize the computer industry”. There were two more items in the study of Ho ef al.
(2011) that were not included in the current study. The items were “Nanotechnology may
give scientists the ability to improve human physical and mental abilities” and
“Nanotechnology may lead to a new economical boom” The similar category items
obtained from these researches and the current research that might reveal that there were

some common benefits of nanotechnology perceptions in general.

Similar to the new answer categories of the second question of NNCUQ, for Pr2 and
Pu2, initial categories of benefits were merged into two categories; “individual benefits”
and “global benefits”. “Textile products” were merged into “individual benefits” category;
“military/defense” and “health”. “Ethical / social / political / socio-economical issues
merged into global benefits category. The frequency of these answers also suggested that
the frequencies of answers coming from global category were the highest for both Pr2.
However, for Pu2, frequencies of individual category were the highest. However, the
number of examples coming from Pr2 and Pu2 differed. The total number of answers
coming from both individual and global categories was 52 for Pu2 although the total
number was 14 for Pr2. It can be concluded that Pu2 students were more engaged in the
discussion activity than Pr2 students were. On the contrary, the workshop evaluation

results did not support this conclusion. Addition to this, 49 % of students from Pr2 stated
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that group discussions were one of the most fun part of the workshop. This was 13 % for
Pu2. Then, this difference may be due to the group dynamics during the discussion of
benefits and risks. Secondly, it should be noted that group discussions took parts during

other activities too.

Similar to the analysis done for benefits categories of nanotechnology, the risk
categories were formed and their answer frequencies were calculated. The analysis resulted
that similar to the benefits category frequencies, the highest frequency was for
“ethical/political/socio-economical” issues category. Other than the categories of benefits,
examples from category of nanotechnology products did not include the risks. It can be
interpreted as nanotechnology products were not considered as a risk factor by the
participating students. Only their benefits were taken into account by students. Again,
some examples which were not mentioned in the presentations of NNW were given by
students. About the risks of nanotechnology, the examples from “military / defense”
category were about wars and weapons. Some of the examples were “soguk savas -cold
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war”, “savaglara neden olabilir —may cause wars”, “silahlar ve yol a¢tigi i¢ ve dig
savagslar-weapons and cause of internal and external wars”, “yeni gelistirilecek kimyasal,
biyolojik silahlar daha ¢ok insanin 6lmesine sebep olur- invention of new chemical and
biological weapons will cause more people to die”. From the category of health; risks for
human health was mentioned with the examples of “Alerjik —Allergic”, “nano par¢aciklar
¢ok kiiciik oldugu igin viicudumuza ¢ok kolaylikla girebilir - nano-particles are very small,
so they may easily diffuse to the body”. Regardless of students’ answers, in the discussion
presentation, examples to health issues of other species than human being were
emphasized. One example was “Bucky ball baliklarda biiyiik beyin hasarlarina yol
acabilmektedir- Bucky balls can cause brain damage in fish” (American Chemical Society,
2004). In the hi-tech category, from Pr2 no examples were stated. From Pu2, there was
only one example from this category. It can also be interpreted as, the benefits of
nanotechnology on “hi-tech products” were considered more compared to its risks. The
examples of benefits for the “hi-tech product” category from Pu2 explain this situation.
The examples were “Molekiiler bilgisayarlar ortaya ¢ikar- Molecular computers will be
used”, “kiiciik boyutlardaki belleklerde ¢ok fazla datalarimiz saklariz - small-sized
memory to store too much data”, “bazi frekanslarda goriinmez olma olay: giizel - it is good
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to be invisible at some frequencies”, “zamandan kazanir islerimizi daha kolay yapariz -
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saves time, makes it easier to make work done”, “daha kii¢iik maddeler hakkinda bilgi

edinmemizi saglar -helps us learn more about small sized particles”.

As the highest frequency belongs to this category of “ethical / political / socio-
economical” issues category, the examples given from these category varies accordingly.
The examples related to the ethical issues were “gizli hayati riske atiyor -secret life in
risk”, “ozel hayata tecaviiz -no private life”. Examples of social issues were “insanlar aylak
aylak dolaswr —laziness”, “hirsizlik artar-the increase in number of theft”. About the
political issues, the examples given were mainly about wars and the relationships between
countries. Two examples from Pu2 were “devietle arasi iligkilere zarar verebilir ve hig
beklenmedik anda savaslar agilabilir-damage the relations between the state and
unexpected wars”, “devletler bunu kétiiye kullanip sivil insanlarin 6lmesine sebep olabilir-
misuse of nanotechnology by the states may cause deaths of many civilian people”. About
the environmental issues, there was only one example given by Pu2 which was “gevre
kirliligi -environmental pollution”. The interview results also revealed that 88% of the
respondents stated that their beliefs about risks of nanoscience and nanotechnology; the
answers were from the category of “military and defense”. Only 14% of students
responded from the category of “health”. The answers in the category were in line with the
category items found in the study of Ho et al. (2011), where risk items were
“Nanotechnology may lead to the loss of personal privacy because of tiny devices”,
“Nanotechnology may lead to an arms race between countries”, “Nanotechnology may
lead to new human health problems”, “Nanotechnology may be used by terrorists against
the country”, “Because of nanotechnology we may lose jobs”, “Nanotechnology may lead
to more pollution and contamination”. Different from the current research, one more item
was found in the study of Ho ef al. (2011). That item was “uncontrollable spread of very
tiny self-replicating robots”. In that study, researcher aimed to compare public and
scientific experts’ differences in their perceptions of risks and benefits about
nanotechnology in the US. They measured the items with experts samples on a 5- point
scale ranging from 1=strongly disagree to 5=strongly agree. For the public sample, 10-
point scales ranging from 1= do not agree at all, to 10= agree very much was used in the
measurement. The same items were also used in the study of Cacciatore ef al. (2011). They
examined risks and benefits perceptions interacting with specific associations in shaping

attitudes toward nanotechnology. The similar category items were obtained from these
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researches and the current research might reveal that there were some common risks of
nanotechnology perceptions in general. The common risk perceptions were about the
category of “military / defense”, “health” and “ethical / political / socio-economical”
issues. From the category of “military /defense, some of the common examples were
“nanotechnology might lead to arms race between countries”, “unexpected wars”, “misuse
of nanotechnology might cause death of civilian people”. From the category of “health”,
some common examples were “nano particles may diffuse to the body”, “damages skin”.
From the category of “ethical / political / socio-economical” issues, the common examples

2 ¢

were “private life in risk”, “loss of jobs”, “environmental pollution”.
b b

Cacciatore et al. (2011) stated that the perceptions of risks and benefits might
influence people’s attitudes differently when nanotechnology was associated with issues
like human health and issues related to medical field. Similar to that, when people
associated nanotechnology with leisure activities, they could associate- it with sports
equipments. Based on this, Cacciatore et al. (2011) hypothesized that mental associations
of people would affect the perceptions of benefits and risks on support and usefulness of
nanotechnology. The authors also suggested that the importance of associations with
machines and computers were also led to more technophile respondents to associate
nanotechnology to machines and computers and likely to have more positive attitudes to

nanoscience and nanotechnology.

At the end of the workshop, in order to evaluate the NNW, students’ feedback about
the NNW was taken by administering Nanoscience and Nanotechnology Workshop
Evaluation Questionnaire (NNWEQ). Ten open-ended questions were asked to get detailed

information.

The answers collected from each participant were coded accordingly to the question
numbers. Based on these categories, a frequency table showing the percentages of answer
categories obtained from each school was formed. The analysis of this frequency table
showed that “the most informative part of the workshop” was selected as presentations that
were followed by activities and experiments. None of the students suggested any non-
informative part of the NNW. They either said “no, not exist” or they did not respond to

this question. The answers for “the most impressive part of the workshop” were “use of
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nanotechnology areas”, “benefits and risks” and “nano textile and water activity”. These
answer categories were also consistent with the answer categories taken from the
interviews. “The most fun part of the workshop” stated as the activity parts including nano
textile and water test, product design, hydrophilic and hydrophobic activity and group
discussions. This result indicated that, students enjoyed hands-on activity parts where they
actively involved in learning more than the other activity parts. The frequency of the
answer of “the most boring part of the workshop” question also supported this result since
presentation part indicated as most boring part with the filling in papers including activity
papers and the instruments. Similar to that conclusion, the suggestions about “to be
avoided part” also showed that, students suggested to omit long presentations and filling
out papers during the NNW. However, their suggestion was not about omitting the
presentations completely. They also suggested that presentations should stay as part of the
NNW within the activities, videos about electron microscope, STM and AFM, product
design, contact angle measurement and discussions. Moreover, students indicated that they
would have wished to visit a real nanotechnology laboratory and use real electron
microscope rather than watching how it works from a video. They also said that they
would have liked to see more nanotechnology products and learn more detailed
information about how nanotechnology products were produced in laboratories. Students
were also asked, “if they would like to attend further workshops that could be implemented
about nanotechnology”. The percentage of students from each school responded to this
question as “yes’ were 85% for Prl; 66% for Pr2, 53% for Pul and 80% of Pu2. Students’
suggestions about developing and redesigning of the NNW were about adding more
visuals and activities, shorter presentations, seeing real electron microscopes, STM and
AFM part. Except Prl, the rest of the three schools, there were students who commented

this question with the answer of “it was good and effective”.

The answers for the questions were quite expected. As the workshop was about
nanotechnology and it took place in a Bogazici University campus, it was normal that
students imagined attending a workshop in a real nanotechnology laboratory at the
university. Since these expectations of students were taken into account while designing
the workshop, in the introduction presentation, it was emphasized that not all universities
have a nanotechnology research laboratory. A video was attached to the presentation that

showed a real clean room and how the researchers work in that clean room. Also, students
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were willing to see and use real electron microscope and STM and AFM. Originally, while
designing the NNW, it had been planned to have a visit to Bogazici University Advanced
Technologies R &D Center where an electron microscope and an AFM was located.
However, permission for visits to that center could not be verified since the devices were
only in use of researchers from the university and they were fragile. Therefore, conducting
a visit to that laboratory with 18 students at least was not an option. For that reason, an
interview was conducted with the laboratory assistant. She gave a brief explanation about
the use of electron microscope while she examined some examples with electron
microscope. The visuals taken from that electron microscope were also shared with
students. With another research assistant in that laboratory, AFM device was checked and
the functions of the AFM were explained via video record. These videos were edited and
attached to the second presentation, which was about the microscopes that are used in

nanotechnology.

In the last activity, student groups designed ‘““a nanotechnology product”. Each group
of students was asked to come up with a new nano product idea, with a slogan and an
explanation of their product. Each group created a poster representing their product design
idea. An activity having students design their own nanotechnology products was used to be
engaging, focused, and offering many design possibilities. As Kirby (2008) mentioned in
such a design project students tried to differentiate their designs from others to gain a sense
of individuality. Kirby (2008) also added that this activity helped students to identify new
perspectives about design challenges and solutions for the future. In Kirby’s study (2008),
students were asked to design a pinhole camera to give high school students an opportunity
to design a product, which they did not have the experience of. Although, in the current
study students only had an opportunity to create a design idea, it shared similar
perspectives with the study of Kirby (2008) in terms of trying to help students to use their

potentials to create new ideas and to gain different perspectives.

After the group poster design activity, each poster was analyzed and the product
ideas were placed in the categories that were used in the second question of NNCQ and
group discussion results. The reason for categorizing the product design ideas was to see if
there would be any similarity or difference between the design ideas and benefits and risks

perceptions of nanotechnology. The categories that most of design ideas for all groups took
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in a place were “nanotechnology products”, “health”. The category of “Textile products”
was only observed in Prl and Pu2. “Military and defense” was observed in all groups
except Pr2. “Hi-tech product” category was observed in Pr2, Pul and Pu2. No products

took place in the category of “ethical / political / socio-economical issues”.

The results showed that the NNW increased students’ awareness and conceptual
understanding of nanoscience and nanotechnology. On the other hand, the post- interview
results showed that students had difficulties in scientifically describing nano-related
concepts such as nanoparticles, carbon nanotube, buckyballs, STM and AFM. They had
difficulty in understanding why properties of a substance differ in nanoscale. Students also
mentioned in both post-interviews and NNWEQ that they would like to learn more about
the production process of nanotechnology applications. The results also supported that
students’ benefits and risks perceptions showed similarities to the studies of Cacciatore et

al. (2011) and Ho et al. (2011).

5.1. Limitations of the Study

The limitations of the study related to the sample were the sample size and the types
of schools. The sample size was 79 students (Pr1= 18, Pr2= 19, Pul= 17, Pu2 = 25). There
were three different schools; two of them were private schools and the other was one
public school. Students from two different classes of the public school attended the NNW.
Because of the small sample size and convenient sampling, the results of the study cannot
be generalized to all grade 11 students in Turkey. In other words, the findings of the study

were valid for this sample and similar ones.

Since the workshop was planned to be held during a weekday at Bogazici University,
schools had to plan this activity as an extra-curricular activity and followed the same
procedure of a field trip including the arrangement of service buses and getting parents’
permission. These procedures required time and extra work for teachers. Moreover, most
of the schools plan their field trips at the beginning of the year and integrate them into the
yearly plan. Attending such activities during the year may cause difficulty when making

arrangements.
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The other limitation was about arranging activity place and time. Although the
activity was supposed to take place at the secondary school science teaching laboratories at
Bogazici University, the laboratories were not available on the weekends. Therefore, the

NNW had to be planned on a weekday.

Another limitation was timing. Since schools were invited to Bogazici University,
their arrival and return time were limited to a regular school day’s schedule. That is, they
had about six hours to complete the NNW. As the NNW was engaging with various
activities, presentations and paper fill-out forms, students were asked to give short breaks
during the day. As the school groups did not have a flexible time for the NNW, students
had difficulty to fill in the post instrument papers. This led to the loss of data for the
analysis. Another reason behind data loss was that students were not willing to fill in the
forms. The NNWEQ results indicated that filling in the forms was the boring part of the
NNW.

Another limitation was not being able to visit the research center. Although there was
a research center, Bogazici University Advanced Technologies R & D Center, that
includes an electron microscope and and AFM, no permission could be taken to have a
visit. It would be better for students to see a real electron microscope in a research

laboratory of the university. Also, there was not a contact angle measurement device.

A follow-up activity could not be done effectively for the following reasons. One
reason was that students were searched on Facebook according to their names. However,
they could not be easily found since there were many research results that showed the same
name. Although students were told that they could also find the BU NANO group on
Facebook and be a member of it, no one joined the group by themselves. One teacher
suggested that when BU NANO name was searched on the Internet, the group name did

not appear. Therefore, Facebook group did not function as expected.

The mentors played an essential role in the NNW. Without their voluntary
participation, the implementation of the NNW could not be done. This group of mentors
participated in Akaygiin’s (2010a,b) study, which was about the design and

implementation of a nanotechnology workshop for pre-service teachers. They took active
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role in the nanotechnology workshop, which took place in the ILKYAR organizations in
2010 and 2011. In that organization, schoolteachers were the participants of the workshop.
Although the mentors had experiences in another nanotechnology workshop, they took

active part during the planning and design of the NNW. They attended regular meetings.

5.2. Recommendations for Further Research and Implications

In this study, a visit to Bogazici University Advanced Technologies R&D Center
was planned in the design process of the NNW. However, permission for a visit could not
be taken. Therefore, the visit had to be cancelled. The researcher had an interview with the
researcher, who was responsible from the use of scanning electron microscope and other
devices such as AFM, in the R&D center. The researcher intended to video record the
interview as well as the electron microscope and AFM. However, the quality of the
recording was poor. This could have a negative effect on the students’ understanding of the
tools used in nanotechnology. In further studies, it will be to the researchers’ advantage to
have permission to visit the R&D center with students. This will enable students to have
experience with tools such as electron microscopes. Video recording and editing can be
done professionally. Long presentations in the workshop can be avoided. The number of
hands-on activities can be increased. As for the NNEWQ and the post interview results,
more detailed information about the production process of the nanotechnology applications
should be added to the NNW. According to the NNWEQ results, it is recommended to
integrate hands-on activities, especially the ‘Solving the Mystery of Lotus Effect’, ‘Nano
Product Design Activity’ and the second implementation of the ‘Benefits and Risks of

Nanoscience and Nanotechnology Discussion Activity’ to the further implementations.

For further studies, the NNW can be planned for two days instead of one day.
Invitations to schools can be sent out at the beginning of the year and schools can easily
integrate the NNW into their yearly plan. Implementation of nanotechnology education in
schools is an opportunity to increase student awareness of nanotechnology as an emerging
field of science (Greenberg, 2009). To reach more students in Turkey, the NNW could be
redesigned as a nanotechnology teaching kit and it could be offered to schools. Teachers
could integrate the activities in that kit into their curriculum. Within the interdisciplinary

aspect of nanotechnology, teachers may also make connections between chemistry, physics
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and biology lessons. A nanotechnology course can be offered to high school students.
Collaborative partnerships between high schools and universities should be developed.
Universities should give opportunities to high school students to experience

nanotechnology education in laboratory environment with hands-on activities.
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APPENDIX A: NANOSCIENCE AND NANOTECHNOLOGY
AWARENESS QUESTIONNAIRE (NNAQ)

Degerli Katilmecy,

Katilmeist oldugunuz bu anket, sizin nanoteknolojive iligkin farkmdaliklarmizi belirlemek
amactyla hazrlanmigtir.

Calismanm diger bir amact ise anket sonuclart 15;133mda okul disi nanoteknoloji egitimi ile
ilgili hazwlanan bir atélve calismasmi gelistimmelketir. Génilld olarak katdmanizi umdugumuz
bu ankette, nanoteknoloji ile ilgili maddeler bulunmaktadsr.

Maddelere ictenlikle, en uvgun buldugunuz cevabi vermenizi umuvoruz.

Maddeler hakkmmda vapacagmiz derecelendirmeler sadece bilimsel amagli kullandacak olup
kesinlikle sizi vargilama amach degildir.

Anket Oncesinde sizden isteden kisisel bilgileriniz de baskalan ile pavlasimawvacak, gizlilik
hakkmiz kormnacaktw. Gizliligin  saglanabilmesi, &n test ve son test uvgulamalarmm
eslenebilmesi icin ankete, size agiklandigi seklivle bir kod vazmaniz istenecektir.

Yapacagmiz derecelendimmelerle ile galismawva katki saglavacagmiz icin simdiden tegekldir
ederim.

Savgilarmla,

Bemra Sagun

Ortaggretim Fen ve Matematik
Alanlari Egitimi Master Ogrencisi



Okulunuz: Cinsiyetiniz: K/ E
Simifiniz: Dogum Tarihiniz: __ 1/
Not Ortalamamiz:

Bu anketin amaci nanoteknoloji hakkindalkd farkindaldine belidemektic. Asajpda 20 adet Gnarme verilmigtir.
Her énermeyi pkuyunuz. Her bir énerme ilgili goriginizi 1'den 5'e _size uygun olan numaray: yuvarlak

igine alarak belirtiniz.
[ katilmayorum] s 3 [ tamamen katihyorum) olacak sekikde).
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1. MNanot=knoloji terimini tamm layabilinim. 1 5
2. Dergi, gazste, kitap, intemstvb. kaynakladan nanoteknolojihakknda bir seyler okudem. © 1 3
3. Daha Snce nanoteknolgi ilz ilgili ders, kulip, seminer, yaz okulu vb. etkinlilers katildim. 1 5
4. Nanometrenin teknik bir uzwniuk Skl birimi cldugunu biliyorem. 1 5
5. Manoboyutta bir madde Srmadi versbilirim. 1 5
&. Manoteknolojinin hayatim dojredan etkileyisine ek verebilinim. 1 5
7. MNanopargacik terimini mmlayabdlinim. 1 5
%, Harbon nanotip haklkinda bilgi versbiirim. 1 5
3. MNanot=knolojinin topluma sajladd faydslara Srnek varshilirim. 1 5
10 Manoboyutta Slcimier yapimasin sajlayan araglars Srnek versbiliiim. 1 5
11 Bucky ball terimi hakkinda bilgi versbililirim. 1 5
12 Nanoteknolojinin sundudu yeni kariyer imkanlanns Srnek vebilinim. 1 5
13 Manoteknokojinin beraberinds getirdigi ris erden birini 2¢iklayabilnim. 1 5
14 Nanot=knoloji slaninda yapilan bir uygulamay sdyley=bilinim. 1 5
15 Nanoteknokojinin hangi farkh alanlards wegulandigim s oyleybilinm. 1 5
16 Manobilim terimini agiklayabilinim. 1 5
1T Nanoteknoljiile ilg i'I'iaragurmalalr yiiritiidigi aianian ornekiendirabiirim. 1 5
18 Nanoteknolojinin gelecekte hayatimi nasil etkileyecedini agklayabiliim. 1 5
19 Manoboyuttaki nesnelerin dreimi icin uygulanan sirecleni Srmekiendirzbiliim. 1 5
20. Yeni geligtirilen nanoteknolgik iriinlers Grekier versbdinim. 1 5
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APPENDIX B: NANOSCIENCE AND NANOTECHNOLOGY
CONCEPTUAL UNDERSTANDING QUESTIONAIRE (NNCUQ)
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APPENDIX C: NANOSCIENCE AND NANOTECHNOLOGY
WORKSHOP EVALUATION QUESTIONNAIRE (NNWEQ)
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APPENDIX D: THE INTRODUCTORY POWERPOINT
PRESENTATION
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Manoteknolaji bu filmin neresinde?

Py

Bilim kurgu kataplan ve filmler gecrmisten
bugiineg bilim insanlaninin ¢alismalaring
ilhzrm almuglar mdir?

Kimyagerin Blyik Kesfi

Kir tutmaz
Yipranmaz
Kingmaz

Karanhkta
parlayan

| Dzal fiber sayesinde;

1951°deki film karelerinden
gunimize ne degisti?

‘Bugiiniin bilim kurgusu yanmin gergesidir’
Stephen Hawking

Terminatdr 2

4

St rmetal robot, amorf yapeda goklu alasim®,

ve milyonlarca kiiclik nanobots lann kendiligindan
birlesmesi (seif assembly)

Ile olusmus.

i
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Meden Teknolojik Gelismeler?

RTINS TR - T Mler B

L. -]

Turn gdzler nanoteknologi werinde peki neden?

= Google arama motorunda nanoteknoloji

kelimesi: yaklagik 5.990.000 sonug sl |
Gq@[q

= 2045l icin "Global Manoteknoloji Piyasas”
hacminin 3 trikyon dolar olarak tahmin edilior.

Feki DOnya buna hazir mi?

veterli bilim insam var mi?

2015'de 2.5 milyon insan ihtiyaci!l!

= Siz de gelecekte nanobilimde yerinizi almak
ister misiniz?

Pdike Roco, MSFManckilim, pihendisik Teknoboj
Cahigma Grubu Bagkan 2003

Manoteknoloji ne o zaman?

Mancboyutta
« Glgme
= Komntral
+ igleme

= Birlesme(Entagre)

Caha ayrntih bir tamim?
Nanoboyut?




177

18 XUzyil Gncesi
Renk degistiren vazo
= Roma Ddnemi

13 X¥lzyil oncesi
Vitray Boyalar

19. ¥izy

Fotograf
Manoteknolojinin ilk drneklerinden
- 1827

= Iz duyarh, gimiis nanopargaciklarn
olugmasi

Louis Dagusrre 1839

ilk Nanoteknolaji Fikri

Bongo calan bu kisivi tamdimiz mi?

Aichard Feyman, 1959
‘Ternelde bir cok oda var”
Thera's Plenty of Raom at
the Bottom”

‘24 ciltlik Britannica
Ansiklopedisini

bir toplu iZnenin bag
biviiklaginde bir alana
sigchrabiliriz”

Manoteknalo]i kelimesi ilk defa ne
zaman tammlandi?
« Mario Taniguchi (1974, Tokyo Universitesi]
= 1 nm dogruluk ve ultra ince dretim teknolajisi
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Manoteknoloji terimiilk ne zaman
kullamildi?

= DrEric Drexler | biyobojik sistemlerden
esinlenilerek molekil yapdardan makineler
vapilakilic) 1977

Mano'yu ilk gdzlemley

= Manoteknolojinin babasi
» ProfDr. Heinrich Rohrer
= Taramal Tunelleme Mikroskobu [5TR), 1981
= Mobel Fizik Odiili

Buckyhall {C&0)
. 1085 B
= Fullzran

= Kiiresel Sekil
= Grafit

= vuksek dayanikhilk
Gogle

-

Karbonun Allotroplan

Grafit Elmas Buckyball

Karbon Nanotlp

= Slindir seklinde katlanmis grafit
= Calikten yiiz kat daha saglam

= e ook esnek

= -190°C il 1600 °C dayanikl

ad’'larda Nanoteknoloji

« Atomiara Rudahale

35 Xenon Atormu nikal kristalinin dzennde
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2000°lerde Manoteknoloji Mano
On ek

» Mano Litografi ‘nanos’ Clice | yunanca)
= Mano boyutta yapdar elds etme; elekironik

gletlar

107% |1 milyarda bir)

Manometre (nm) Mano boyutu anlamak
1mM=1000mm=100000 pm=1000000000nm

; ) o = PowerofTen
= Metra, metrik sistemin teme! uzunluk dlgu

birimi
= 1 metre'yi gozumiizde canlandirmak kolay
mi?

= 1 metrenin milyarda birini gozimizde
canlandirmak kolay rm?

dakro Boyut

BOYUT AKTIVITESI

10m | 10"m  10"'m 1m
Tar twrmsl Eilpn lywrgried bt
L & e >
\ o Pre I

1000 kat daha zoomladiginda,
Tuz tanesinin kutu boyutunda oldugumu distn,
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hikro boyur ™| 0
o )| A AN
> ) “&,i (DA
~ W 1Y

1W0*m | 10"m 0% m

i reierm | 1180 e 1=
abporear sag il RuF Bl

10060 kez daha zoomladik,

Bzkterinin kutu kadar kaldigim diligin,

Manoboiut

10%m | 1%m

Bl v ) Peetalndar n.
ik dlbar Enlapll
kil ket

s s Tr Ta ﬂ'" 'f"l'l |:: II:"'I' #'a| in

R W e

i L T ]
Al “-m L

WIW;.
=

Bu vitrayda altin Cozeltisi ile
boyanmis kisim hangisidir?

Manoboyuttz ilging olan ne?




Au Nanotanecikleri

L aunanotznecik »
> " e e
ilge  giars larmeze |

Altin
AERC.

Ma ﬂab?yutta Madde ve Sanat
| | | -

Ferrasivl Heykeller, Japon Biim insam ve sanatg
Sachiko Kodama

SN LS

Manoboyutta ilging olan ne?

= ‘YUzey Hacim oram artar
= ¥izey ile daha gok temas
= Daha iyl katalizorler

L. sl

=

-

Manoteknoloji
« ki farkh yvakiagim:
« asagidan yukariya (bottom-up)
= malekiler nanoteknaoloj

ve organik veya inorzanik vaplan, maddenin
en esas birimi olan atomlardan itiharen atom
atom, molekul molakil insa editmeasi

Az kullamilie.

« vukandan azagya (top-down). Makineler,
asitler ve benzeri mekanik ve kimyasal
yantemler kullarmilarak nano boyuta getirmek

{ Heykel yapmak gita)

g

Manoteknoloji Masil bir Ortamda
Gelistirilir?
= Temiz odafclean room)
= httpcs S youtube. com, watch Pw=NZE0shEr
R-g
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Manoteknoloji Uygulama Alanlan

Manomateryaller

= Karbon nanoctup
= Mano gubuklar

= Buckyball| Fullzren)

OLED

= I3ik yayan organik diyot

« Elekerik varildiginds gk

yayan organik molekillerden

vapiimig ince filmdir.

LED,LCD ye gdre az enerji

Dzha parlzk, daha canl gdrinti

hitp:s feerwpolabs com tr/2008,/10/27 foled-
nedir-nzsil-calisic’

Enerji Muhafaza Eden Kumaslar

= Karbon nanotiplerden olusan boya ile
hayanan kumaslar enerjiyi muhafaza eden
birer pile daniistii. [

=

r

‘giyilebilir elektronik cihaz’

Mano Gines pilleri
ian

[T Eioriode
S S
P S S|
P -
fari iletken polimerin igine
yerlestirilen Incrzanik nano
cubugun, ikl elektrodun arasing

sikistinimasi
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Saghk

= Mancpargaciklar,
« Manorobotiar
= Euantum noktalan

Anti kanser altin nanoparcaciklar

= Radyasyon wyzulandikian sonra enarjiyi
emerek kanser hilicresini dldirdyorlar

Ameliyatlarda Manorocbhotlar

Erken teshis

= UV isiEinda parlayan quantum nokialar

= Bu nokialar Uy m2mda serbest elektron icerir
va faton yayar.

Farede arken timdr teshisi

Teknolaoji

= Teknoloji
= Dizha iyl data saklayabilmek
= Diaha kiguk aletler ve cipler lretmeak

OVD mizde 1.000.000 kat daha fazla bilgiyi
saklayabilmek ister miydiniz?
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Korsan Dwd'nin Sonu

= CDvve DWDler, nanoteknoloji tabanl parmak
izine dayal kripto sistemi ile korunacak. wear
nanoteknolajinedircom, 8.20.09

Gida sektdrinde Nano
_._._,_,.-'
,._,_.='"‘—'
H....;d""

Uzun raf omri

Manopargaciklar vitamin ve minerallerin
taginmasim saglyorlar

Tanm sektdrinde

Mineral Su Tutuculan

Kozmetik Alaninda

Mano partikilld Gines Kremleri

WA wa UWVBYi engelleyen
titanyum oksit ve cinko oksit

Tekstil Alaminda
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Dayamkh nanaboyalar

= Eirve su tutmaz

= Cizilmeye karg dayanikl

= Mano tozlar igerenboya ile
dzha acik ve parlak renkler

Manoteknoloji ile Otomotiv

Tekne ve Gemileri Kizaga Cekmeye gerek
kalmniad

Mano silgi ile Bina Cephelerini Temizlemek
mimkin mi?

Havayl temizleyen nancboyalar

= Ultravicle isimina maruz kalan

Boyadaki Titantum dickst

nano parcalan

organik ve inorganik gavre kirliligine yol agan
migddeleri pargalnor.

Formaldehit gibi maddelar

ayristirnyor

Suyu Temizleyen Mano Filtreler
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antibakteriyel Camasir Makinesi ve
Buzdaolahi

Bakier clusumuna karg
Gumids iyonlar

Sibver Nano

Torkive'de Meler Oluyor?

Manolitografi teknigi ile dinyanin
en kigik Turk bayragin cizmek

Gizgileri

100 nanomeatra
ganigliginds ve
2 nanometre
yiiksekliZinde

TNT Patlayicilar Glbreye
Dandstirebilir mi?

Ulusal Manoteknoloji
Arastirma
rderkezi'nden
((TLE

Silinen Parmak lzleri Tespit Edilebilir mi?

Hacettepe Universitesi
Kirmya Balumi

florasam ozellikli spray
seklide ortama sihilan
nanopartikiiller
parmiak izinde bulunan
aminoasitler ile
etkilegime girer va
florasam Gzelligi
sayesinde parmak izler
kolayhikla garileibiliyor.
WL Cnnturk, com

Radyasyona dayamkli malzeme

* Llzay projesi [Savunma
Sanayi Mistezarhg)

* Uydulann elektronik
devrelerinin, uzaydaki
radyasyona kars 100
kat dayamkhhgim
zaglwyor. TURKSAT SA da
da kullamilacak.

* Uzayda ilk kullznan
ulke, Turkiye




Harry Fotter’in Garinmezlik
Pzlerinine sahip olmak ister
misiniz?
= Cizimler belli frebanslarda gorinmez olabiliyor.

= Askeri arag ve wgaklann ustu kaplanabilyor.
=~ 31.07.08

Tarihi yapilar nanoteknoloji ile
koruma altina alabilir miyiz?

~ Mano ranacikli
__ kalsiyum hidroksit cGzeltileri

P w1
T, T T T silika gozaltileri

e 2 K Manoteknalaji trind
- = . ‘1_-.'

T tekstiller ile koruma

131210

Manoteknoloji Arastirmalarn
Universiteler
» Gabze Yiksek Teknoloji Enstitusa

Manoteknolaji ile ilgili
Lisans ve Lisansisti Balamler
= Lisans baldmi yok

= ITU = Yikseklisans ve doktora
« ODTU — Bilkent Universitesi Malzeme Bilimi ve
- Al Manoteknoloji
« Fatih Uni — Hacettepe Universitesi, Nanoteknoloji ve
Hanotip
— 00T, mikro va nanotzknoloji
— anadolu Universitesi nanoteknoloji
- 2011'de

Sabanc Universitesi
Manoteknaoloji Merkezi agliyor.

Manoteknolojinin riskleri var midir?

= Mangparcaciklar vicudumuza solunum ve deri
yiolu ile girebilirler mi?

. EEhI! nanoparcaciklar, yiksak vamio dzallize
sahip

= Gevre kirlilizi, meveut filire sistemlarin etkisiz
hs1

= Gizlilige saldin
= Silah
= igsizlik
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Gelecekte Neler Olacak?

Gelecek de bir gin gelecek

= Daha giiclu bilgisayarlar, bilzi depolama

birimleri

= Daha hzh kiryasal analizler

= Tip, tedavi tam ve ilaglarda veni yaklagmiar
= Daha dayanikh malzemeler

= Emerji Gretim we dandisdimler icin yeni

teknolojiler
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Gelecek de bir giin gelecek

= Maolekiiler bilgisayarlar
rAukemmel bir geri dondsim

= avre kirlenmesinin dnlenmesi, kirlenmis
kaynaklanin temizlenmesi

= ‘Yaslanmanin yavasiatilmas

vapay baZizikhik sistemi olusturan nanobot
ardular

rdolekiiler seviyade hicre tamiri

Gelecek de bir gin gelecek

= Asfalt yerine solar yollar ile enerji dratimi
= Modekiiler gida sentazi ile kithg) dnlemak

Ekonomik, lektronik fonksiyvonlar
Gilimiis w2 altin nanctup ile kaplanmes plastik
Ezzit esnekliginda dokunmatik ekranlar

Glines paneli sensdrleri
24.05.10,

hitp:/ news. discovery.com v

Aynaya bakuginizda
kan sekerinizi Slgen lensler
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Manoteknolojik Telefonlar

= Mokia borph
= Fonksiyonuna gire
= sakil va boyut degistirebilir,

Atdlye Calismalar




APPENDIX E: SCALE ACTIVITY

Tuz Lamesi Baye beyzhal kulu

lazdiey

Tren®, | g

Sy

PagEL LILR LT

ALari e Proteinler ve winiis
mipdekiller Blyik molekiller

10* m 10° m 102 m 10" m |
m
(100 mikron) (1mm) (1cm) (10 cm)
10° m 10®% m 107" m 10°m 10° m
1 (10 (100 (1 (10

nanometre) nanometre) nanometre) | mikron) | mikron)
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APPENDIX F: INDIVIDUAL & GROUP ACTIVITY SHEETS

Grap No:
lsim Kod:

MNanogehir'de [sinma Turlan
Yer: Bilim Merkesi
Aktivile lstasyonu I

Maokasl Kescrek None Boyoaha Ki¢hlvebsdli miybe?

Kesmeden Onee

Bireysel Tahminim:
. 1 nansmwire vzunluSunda bir kaZit cloe eirmek ivin kagnh defa kesmcniz
Eerekin
I Sew wmbhm kagdn kasaowek -mikamaz clma kislar ke kescchili rmimis,

iiib.l-dl prap mrkadaglomasda birdikle Eadioh bhlye kesmese buglayahillrsmbe

Kestikten Sonra

Akitin ileden Calard fion Sonng:



i
Grap Neo:
Sizcl im kod;

Manosehir'de Isinma Turlari
Yer: Bilim Merkez
Akiivite |stasyenn 1

¥akmln Keerck Sane Beywin Kbl lebi lir miyi?
Cirgvinke; Some verilen kziwin promink Goiilen 150 mn « § mun Eip kagodh, oni s Eplbecad.
sehibde bor dethsmda ki <5l pargaya bena. YVaklesk | mm usonheio nleans kel beananiz
Bdeuiyor
Xptrcrinizi mmonie ek ice hosap oeakcinesi, cotvclion de prarizaabiliedniz
Kesmeden Onee:

! Girap pahsmancs eglamadan Sece, Mrersel shmlo kefiterous doburmalrans:.
Ronra, Laghd Tkive besoveye Eeaglayabilicabiod .
Hubriatme: kg defa Seciiinkd ve chie oXidmis kufa enmluklzrmn mi imels = saecmene
chisiiden verilen tabloy a nnf elmes | unotmayioe.

Kestlkten Sonra
Grup Cevaplinme;
I. Kapwh keanck ok olana kader kg bore besebilding®
3. Resenck o cuidiniz ca kichk kefit panges: Youg pasemawedir?
2. Yuooe mals asnboyuce wlesmek un knllamosh cldw aus® Agbiayme:

A Keiwh cbic cuiding on bick kepn paroueasden da. Sacid bosrmtlae Eeaneni:
yirakEn i T o vabariis el e, siein Soormee s

5. 1 am exmlogends b ki okl conck icm kaginl ke defa kesnoniz genciand’?

! Grap sonuraneza yrarmadan dnce, bireysel sooug kafllan oo doldwrnlmn.
Akiirlioden Cikardrarz Soowgp:

Grup :

192



Kajixl Kesme Sanm

Kesllien Kafid Uounloga
Ll Mt e}
150 rmm

Kexllen Kafinl U rundugiu
[imnsmeire)
152 050 (200 pm
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Grup No:
lisim Kod:

Manogehir'de Kesle Devam,.
Yerz Bilim Merkes

Akt te binsyone 2

Nanshoyutta Nasl efriornz?

Crdrevl
(iGrevilen {ince:

Bireysel “Tabminim:

1. Updak mukrrakery la piremeseeefions beden kisak bosaloaka mackdekers sl incel reine?
Cilremediginez il nesrenin sek i e boeubunm sl Bolobi lzF

iy imdi grap arkadeglarimzia birlikie kurm akcishesine basiaabilisiniz.

Aktiviredmn Ckarddmoz Semme:

Bireveel @



Grop No:
SEeeii im kod:
MNanpsehirde Kesfe Devam...
¥er: Bllim Merke=t
Altirite hiasyonn 2
Xummborwile Naxil Giirkromo®
GBrevl

CBrerinkz Ellnize be kdm qubslk, bir gl wce ponesd kaph odhwk alarak, ol ot letelaro idee
syl ssinm Halsmvelerin uorda boinsom Esbanm yavasea brayarak inocleyin Siwce Kntunun

trbamnda pe var? Tabmininkd selil clzerek gisterin.

{Liitfen smdver sk verilen puloblar e norbwne yapmd

Kustunmn Tabamonda e var?

" Kalin gubak lie
inceleme

Pamwk wgha
Kutu 1 cubuk e
Incclemie

5t lle Ineleme

Girevden sonra:
Grup Ceraplarmz

1 Ewtmrmm taban kaldonda nasl b bikgiye ulstine?

L [kl guivilk, lashuiiam talan pliscyind diliol syminhil slarak incdemealse pandmaa obdu?

1 Cubalda badarm wrwsdold nemed lncolerlen Gl kevvet wypulbroedne: ne ohrdu?
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Gdrey £ Kapah kutunen igindekinin boyutune bulahm
Gdrevinke: Elinkee bir ifine ahp kutunwa yizeyine baliciack buten e igindski ossnenio gkl

Grmp Cerabine::

1. Evouman kindckd resaenin sekdl ned k?

2 Kulunun kindeki nesnenun boyutkrim igoe ve oelvel yandii the bului

L}
w Yhieoyu Lebedllkien sonra agagnlakl sorakin cevaplayimes,

Grup Cevaplinune
2 Shece grirey 1'deld kuhn ve gubaldar ney temsil ediyor?

4. Stece ghrey Zdekd ne ve ko neyl temsil ediyor?
! {irup snmuenmesu rremadkan dnee, blreysel sonug kufitlnonn deldsooabs.

Aktivitckrden Cikardifinz Sonug:

Grup ;



Grop No:
isim Kod;

Y ie*de Ismma Turlan
Yer: Uretim Merkesi
Akalivile istnsyponu 3
Giirevden (nee

Blrevsel Tahsilndn:

2] Letusyapraf [nilifer yaprafh) yizeyinde su tanecikierinin yuearlak
sehalda durabilmesicin sebebl ne olabilr?

1 Ko ko itmoyun, 0 gegirmeyen vikreyler pmsal 2de odilivor?

thib i di grup arkedeslarmels birdikle su peeirmezllk. Icke testlerine
baylnynbllirsinkz,

Akl vikeden Cikardufion Somig:

197



Cirup Moz
wwel sk kod:

Manoschic'de Lanma Turlan

¥er: Uretim Merkezs

Akivite rlasyonn 3

Bu pllivite isteommmldo <izi X (k] sy beklivoe

Crrwls Su Cregirancalib i Civnxwd: Semlmi Temiskeons Tindi

Gxiirey | S wsti

By tectinni 2 frartls wepraik ve o farkh bioneg Boedamle gk,

1. Her bi- yapraga tizerlne mraayvi plpet lle bir damls su demlatin
Ne giizomledini? Damlalan kargilashirr. Rir fark girehiliyor musunme?

Evet ise bu fork nediry
En damlasn yaprak Jzerinde naml
girfiniyoriiekll nawl? Fark var pa?
¥aprak 1(asik yoyil}
Yaprak 2(koyu yegil)
Grua Ceraplarmo:s

= Rudandacdinim vaprak Geerindd: alchi gokil sbeme Foye vwoya nelers haj?

= Ru darnlacifnim deerine parmafinrels hashirn Sa damilaimn sizk] deg g1i
mi¥ Siz=e neden?

% She verilen 4 fakh komxan besrins sras: s s damlaiin, Damlakr
karyilastinn Bir Brk porchiliyor musmnz? Evel inebu fork nedie?

Su gecirdl mi? { KvetHayir
_ 5 dumlusamp okl nsal?
Pamukln 5Kumzig
Senietik Kumes
oy Bovnmy )

Man o Kaplama Kumnes

198



Grus Complnme:

= Wapraibe we frkh boweder izeciade duras an dambalan ik deil vaprEnc
girlenler waamis bewaciik var m ? Apkdayme.

= Siaoe ey 2 povionseron ke savn kewss ae?

w!ullm Lalcdiklen znara OBrer 277 gueinke.

GirevzZ: Kendini Temizleme Testi

L Skndide hidrofobik yizeye schip olas yaprajn ve npano kemasine:
fizarine ek az miktands oprok keyun Takrar pipoinix ik Hrloomig
vaprak ve nae by vioeyioe  bickag domla su Jdomiabn. Yopra®
yavaga =i dunlamm yieepd: haeket eitirecek seldkie =fin He
gdemlediniz? boprak parganklanna ae okiu? (Gemnk pislennte

Su damilzs) ve loprak pargacthlan ile
ligill ne ghzlemledinkz? Lotus ethdsi®nl
gizlemlcyobildiniz mi7

Yapcak(Hldrofillk ylzcyl)

Nan kinag

| PA—

Gras soancunney raernaidan Suce brepsel seaue ka@dlarmn dol dermalsamz.

Akticitodon slourlifiers: gy
Grux
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Crup bslm:

lsim Kod:
manayehr de Tarngiyornz

Ranagehr Filae Faylagnn Platformm
AKtivita Istasyonu 4

Tarhigma Kouuse: Nanoteknolofinin Risk ve Fapdalan
“Tarbgmadan Onee:

Hirersel Takm nim:

11 Sixce mnohd in ve anosckeolog) e redleni bemberinde potim?

21 S rencinl e v ranckcsmbg g vareskan o seaiyes?

Snndi vamvlilig v sunslehoolejinin 1nblerd se poeae baro ibe dgli
grup mrtgomesm rapobiliosiek.

Suklvileden Crkardefim Sowur:
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L
Grup Isim:
Sizeid Isim kod:
NanoSakir de TarhsiForuz
Nanogchir Filkir Paylagm Platiormn

Aktivite Istasyonu #

e rey sel takmininizden sours prup tartymas s baglavsbitirs ke,

Tartgma Dosyas::
Nanoteknolojinin Gedrdigt Risidervwe Faydalar

Grop Tarsmas)

1) S=den Istenet nanateknoloji haklanda Girondilderinizl dosGnerak, bu
tekralainin saygolasnasin fayda ve riskpdninden  grup arkadaglanmz Oe
tarksmantz.

(lp ncu: Toplumada yer alan farkh lnsanlan g8z dodne alarak, @b o
wapin. wetid , TiWelc”, Eevre Erimilerd, Tanmve Balilefil gibi alanlan go=

fnfade bulurdurun. Tarosmalamnrada; cevre sa fhik, ghveallk, chonoml etk
gitd alarlar: digl nebilirsinkz).

Favdalar:

“ﬁ'nlrl-rl nizi diger gruplar ile <o paylagn,

(]
Oér Sunumy lzledikien somrn torfsgmadny o kand ez grop sonmesesu
Vim,

Tarngmsdan Cilcardsfimez Somouc:
Grap:



APPENDIX G: PRESENTATION: “TOOLS IN

NANOTECHNOLOGY”

Manoteknoloji Araclan

» Araglar degigtikoe pirebildklerimiz ve
yapabildiklerimiz de dejEsiyor

Garmek

= Colak gizle yaklagik 20 mikron’s kadar
rirebiliyoruz.

Optk mikroskop yaxlagik 1 mikronu
sdrmemizi sazlar.

Gormek

= Ciplak gdzle

= Dptik mikraskoala

—5perm hicres
—Kar kdcresi
—&mio

—Paramesyum

* Dptik Mikroskop ile goremeyeoegimiz kadar
kiiglk boyuttaki bir nesneyi nasil inceleriz?

= Seldini nasil bdlebiliriz?

Elektron Demeti ile Malzemeyi
incelemek
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Silisyuem Nano parcaoar

Ificro organizma

Elektron MikroskobulSEM)
15935
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MIKROSKOP KOLONU

B s derek ,, I T
Ll

L

—— rpdas T e

Sy br mimi e
Amealia

™,
Bairdl s arca dedaitnad

o B TRS —— e

Yizeye Dokunmak

* Taramah Ug Mikrossabu

\Scanning Probe Microzcope)]

I

Taramah Lg Mikroskobu

* Taramah Tinelleme Miroskobu Scanning
Tunnefng Mikroscope [5TH]

= Btomik Kuveet Mikroskobu [AFRA)

P —

NTDR gl - c—

ST in Kullamm &lanlan

= Atomlan manipdle etmek icin|yerlerini

defistirmek igin}

* Metzalerin yizeylerini 3 boyutiu gorintilemek

igin

» Yiizeylerin plniz iMEdnd dlemek icin
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YWideo

= htpa/fwwwdsilymiction.com/videovz7dx na

notechnologie-stm tech

Atomik Kuvvet Mikroskobu [AFN)

» Mano boyuttzki olaylan, yizeyleri
sorlirtilemek ve anlamak

v Yizeydeki kuvvetlersi clpmek

Atomik Kuvwet Mikroskobu [AFR)

» Yizeyden izrenin ucuna [silisyum veya
silisyum nitrat] etki eden el=kromanystik
ket

» izmenin uce agag ve yukan hareket edar

'

S—
|- —

amenaay

-

Video

» httocffwarw.azonano.com/na notechnolosy-
videa-detzils.aspVidID=101

Bogazici Universitesi ArSe Balimi
AFM cihaz

Manosehir Bilim Merkezi

Manoboyutta Masil GErihworuz?
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Gorevl: Kutunun Tabaninda Me
varr?

* Kuturun tabar hakkndsz ras

Tarama yintemi

bilgi elde ettik?

= Hangi cubuk daha aymrsd bilgi stmemizi
sagladi® Gig

* Fazla kuvwet uygulasaydik?
—Tabar ylzeyi bozulabilisd

—Cubuk zarar garesilind

GarevZ: Kapah Kutunun icindekinin

poyutunu nedir?
* Kzpsh kutu resmi

Aktivite Sonuclar

= Goreyl:
= Igindeki nesnenin resmi —Kutu: Incelenen yilizey
=Qubuklzr: STR Ui
= Baoyutu: = Girevd:
— Kt Irpele ey gy

— e AFR g
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APPENDIX H: PRESENTATION: “LOTUS EFFECT &
ITS APPLICATIONS”

Nanosehir Uretim Merkezi
Alktivite 3
Su Gecirgenlik Testi

Kendini Temizbeyehibme Testi

GGorev 1: Su Testi

5u damilas yuzeyde
yayildi ma? Sekli masil?

Yaprak 1 {2k renk) Hagir § Yuvarlak
Yaprak 2 (koyu renk) Evet

Pamuklu Eumag Evet
Sentetik Kumag Hayiruvarlak
Mano Kumag Hagprfuvarlak

Eaplanmes Eumas HaprMuvarlak

= 5u damlasimin baz ylizeylerde yuvariak sekiide
kalmasi nasil apiklanabite?

Hidrofobik/Hidrofilik Yizeyler

» Hidrofobd ylzey??¥

» Hidrodilik yizey??7

Hidrofobik/Hidrofilik Yizeyler

* Hidrafobik yizey: hydre” phobos’

» sudan korkan, suyuw sevmeyen

* Hidrofilik: 'hydro” * philia’
= Suyu seven

Cogadan Hidrofobik Yizeylers Bir
Ornek: Lotus Yaprag

Videa




Dogada Gozlem
* Blmanys, 1975
* Barthlott, Winelm, -
Chriztoph Keinhuis
v

lotus yaprag yizey

ince bir kitfoula (kitintmum] Se kapl

Hidrofobik Yam Su Damlasinin
Yuvarlakhgim Nazil Saglar?

A

-+ I

= Wi

FLaEy puris ibige: &0 ] mikrem e papends aga tnaeck et
i

E-' Eidrzlathk puey: ioT japmced v dofhdc masa
rdien s kg gliray inbanknm yliress nn areeds boss
vilcpriar i s, ek sl spinl ol plrin
T 0u Cewirs g flvd @esy meufires B r ynarss
L
Temas Agis|

& Hidrofobik/ Hidrofilik Yizeyler

S

Hidrofk yilizey Hidrofob® yuzey

Temnas Agisi (Contact Angle)

= Temas g1 T
Etwileyen faktorler: l!/ﬁ

—Vlzey enerjisi TR T T T TR

ylizey perilimi sonucu)

—fiZzey Pirlzl0ICED

Temas Agis
& Hidrofobilky Hidrofilik

= Yizeyler temas apisna gore
siniflandinlzablirler.

.
=

m—l?r
-

Temas Agist Nasil Olgalir?
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Lotus Etkisi (1)

Superhidrofobik Gzellik

Lotus Efektin Dayandig Temel
Prensip

= Kati yiizey Gzerindeki siiya etk eden kuwwet.
Bu kuvvetler nelendir?

M Ennmt_ﬂ
‘i g MaE ikl i

BVl ARA B DR PR AL

[ Ievaler Kire yiowy pesimind
M Ty

Mokl L Dl wn Fabriieds eyl diw
e darkon ey

= Worl of Gohes i [LIL]
= Werk of hdbeaizn S

S -

Baska Bitkilerde de Hidrofobik Yap
Goruldr mi?
Cimen, &slan pencesi, latin cigeEi,
sinzko lahana, akasya...
Oriak ooelf:
Mikro ve nanc boyutta yizey parizliiigi

Baska Bitkilerde de Hidrofobik Yap
Garalor ma?

Yaprak
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Yaprak 2

E—

T
< 1 BE

Manokumas

111111

P

Mano kumas 2

Mormal pegete

‘

Normal pecete 2

Mormal pecete 3
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MWormal pegete 4

Mano pecete &

E I
i i = i -~ i -fm -]

Mormal Kumas

Mormal Kumas 2

Mormal Kumas 3

Mormal Kumas 4
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Mormal Kumas 5

I
|
-.’
| i
= L

Kaplama kumas

-

Ponza Tas

Mormal Cam

Polimer Kaph Silikon Yuzey

Lotus Etkisi (2)

» Kend® kendin’ ternizleyebilme dzelliF
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Lotus Yaprag taklit edilirse..

o Vil ] o i
L T ]

Sl B [Wofual Wi ey puitn vl OS] i il el ' Ly e

Farkh Yizeylerde Lotus Etkisi ...

Gdrev 2: Kendind Temizleme Test

Hidrafilik Yaarak
Ezalarmag Kumag

Nano bumag

Farkl Yapraklarda Lotus Etkisi
» Kendin temizleme ozelFziicin:

— '¥mpra& ydzeyinin hidrofilik almes

—Su Damiasinin 38C den daha kgl bir keyme aps

ile k2ymasn

Tekstilde Nanoteknoloji

Of Karisimi eshasinga nano
boyutlandirma

Mano Kumag:

(Lif Cretimd sirasinda polimer cdzeltizice nano
partikiiller katilarak polimer iperizinds
hapsadilir].

—Gdmig,

—ginka iyanlan,
—karbion karssi,

— titamyum diokst
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Lif Karisirmi Esnasinda. .

i;lem Eparmicyg

50 nem kalinhigndz
titanyum diodsit filmid
ile kaplanmg

TEkEtl Diom GIEmINge materyal
icinde boyutlandirma

[ Eumag Yizeyinin nanopartikiller ile
kaplanmasz).

—MNano &g Antibakterive! czelikler
—Nana Tidy: UV Koruma, Srtutmazhik

—MNano Znd: UV Koruma, Antibakzeriye
ozellik

Eaplanmig Eumias Lifleri
SEM Gorintd

Mano kumasta Lekes Kalir mi?

. w2

o Kano

i el

H whiskears

Mano kaplamanin Kullanldig diger
alanlar

Sekil, Nana boyutta a)TIOZ kaplanmis n
b TIOZ i$I02 (TIO2 kaplanmis mika.
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Morvecli bir firma, sprey ofarak cam ve dzer
yizeylers uyzulanan ince solar bir film gpeligtirdi.
Boylece kaplanan ylzeyler glnes enersini
hapsedebilecek. 20.09.10, hitp://students.egfi-klZ.ong

Blomimetis
zecko

= Yiizeyde tutunmak igin
Setae ve ylzey arasinda Van der Waals
Euweetleri

Her mmd'de ':,l:kl-= gik 14.000

Gecko bant

Siper yapagkan
karbon narotio materyal
bt weanwe rsc.ore, 10010008

Ziplayan Orimcek

Sentetik iplik ile atmosferdeki suyu
tutmak

* Pekin, Manohbilim we Manotweknobo] Merkeszi

» Su damlaciklars etkdi bigmde tutan drimcek

af liferi

* Yapay I peligtirmek

* Havadaki ash suyu wutmak

= Sanayi Gretiminde filtre gorevi

» 03.02.10 - et
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APPENDIX I: PRESENTATION: “RISK & BENEFITS OF

NANOTECHNOLOGY”

Manosehir'ds Tartisryoruz

Manoteknolaji

Faydalar???

Riskler???

Manoteknolojinin Yararlan

#Hastzliklann teghis ve tedavisinde yeni yollar
* Cevre kirizini engellamek igin yeni yoliar
#Tiketiciler igin daha ucuz ve kaliteli driinlers

¥ Ulusal givenligin we savunmanin ylkseltimesi

#|nsanlar igin fiziksel ve zhinsel gefsmeler

Cevre ile ilgili

» Bakterilere ayrgmayan gevee kidiligine neden
olan rano pargaciklar bulunmakta;

Gidneg kremlerinde buluran titanyum diokst
nano pErgECIEinn stk sulada beraber
deniziere, gillere ve nehirfere

Titanyum dioksit nano parcacklanmn fare
beynindeki sinir hiorelerinde hiicre glim'erini
tetikbemesi

Nanocanticakterivel Urinlerin
Yayginlasmas!

ik

saghk ile ilgili
Nanooargaciklar cand hikcrelerin igine girebilir
we arganlarda birlkebdlirler{Ervironmenta
Protection &gency, 2003)

* Protein‘erin nano pargacklara eklenmesiyie,
protein seklini ve kan pibtlagmasing neden
olan iglevini deEigtrabilic

lano parpaciklar besin zincirine gifo; insan
saghnda bilinmeyen etkilere yol agabilirler.

Saghk ile ilgili
» Kimyazal ve yapizal Gzellikierinin degigmesi,
zehirli ve kanzerojen stkilerin olugmazsna,
hicrelerde upuculuk, yarabilirlik, sdreklik w=
yigdmalara neden ofabilir

Yiksek mikterda neno- porgock sslunumy
okcigerlars zeror verebilic (Metional
Asronoutics ond Spoce Administration, NASRL,
2002)

< Bucky bail bohkigrda biyik beyin
hasgrigrne yol epobilmektedin (American
Chemica! Societ) J004)
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Govenlik ile ilgili

* Vlssex mikmnda ale™ sfahlar
* miryatdrlestinimig, robot silzhlar ve slivenits
uzaktan kapama olmadan yaplan akilh

* hede® aramaya yonelik askeri mihimma

Sosyo-Ekonomik Durum ile ilgili

= zengin ve fakir ya da gefigmi; ve zeligmekte
clan dlkeler arasinda wgurum

= Nano Cretim tekniklerinden kaynaklanan
miilyonlarcz igten pkanlma

Mano etik Boyut

Toalum Farkindalig:

= YVararfann farkinda oldugu kadar olas risklerin
we alumsuz seruclanin da farkinda almalidie

= bimsel ve tefnolojik olarak okur-yazar
wvatandaghk bilinei

Mano drinler kullanim konusunda ne
kadar bilingliyviz?

s Badm Glan ke pema gl mi

L
A

[T ap
Duiekes o ol phin e o o Bt ey a i

Stk e d mikm i (el a8 ayasd dena

Sizin nanoteknoloji Uriir Fikriniz ne®
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APPENDIX J: INTERVIEW QUESTIONAIRES

ATDLYE (ALsMAS DwcEs] DERENCILER ILE GOROSME SORULARI

Olkul:

Clinshyets Yam
Sk Not Orialamas:

Apklama: Eanhmas oldefunes ba gSrigne, Boe Sdreaclorinin nancheloa koji
ve naosbilime diskin Tarondzhibdzrie  anlamalk dezenlenmislic
Sorulara igtenlille covap verece@inis wndugamuz bu ganksmeden dde edillecek
bligler sadace il imaed amcagh kalladacakiw. Yerdiinlz cevaplar the gal pmaya
kalla s lahiiomz icin gioakiden teyeldosc ederinn

L
2.
1.

1.

Kemlind keaca mir men?

Grelecelde haagl alanda calgmagn difinliyorsum?

Nomobilm v oosclckeolofi corimlori ilz daba dnec Earabesimr mr? Foot ise
mercde ksl

Nonobilm ve » asolckmobofi cerimberd ~in kin ne iFsde odipec?

Hwoblim w  rosobcimclofi  komesn  holdamda meler
bilporsume?Bildgini Nanchilim ve Xanobckioloji ssedamalan ver me?
Nomopargank, Karboa assclfipleri S18, AFM drimben dan icin me ifule
ediyor? Daha dnec Eaeslasine m?

. Mawobilin ve Nasodekaokogi bami isklen ve yanstan berabennic pelicheT

Bir vaamiay chunk b kowmmi yelorh bl sl obdug v oo JF i por
mesme?

Hanobdim v nancleknalgi haldanda ne meroak edivorsane? He
ofireamek mlecdiniz?

Golecchie iangl alamda cahs magn b=ind orsum’

10. Hanobiin ve nanohckwalofi hallanda clukds ders slmak ber milpd inks?

¥a da bir dersin igerisinde Gfrenmck isier miyding

L1. Bu alye alpmasindan bekdentileruniz neler?
1 2.5kzin de cklemek isted@iinl: birgey wir m?
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ATOLYE CALISMASI SONRAS] OGRENCILER [LE GORIISME SORULARI

lsim: Cinsiyel: Yag:
{Memk Simrf: Not (rtalama=a:

Apkbamae Eabhhmoss gkdujiimue o gdriigre, Lise Sgronc levirin nanofcknalogi
ve ranchilime iliskin farlandshklanm  anlamak amacyla  diz=enlesmistir.

Sorulary ivtwnlkly wyap vereceginizi wmnduiume: bu girismedon dde edilecuk
Jilpiler sadecs ilinse) smack kul anlacaklr. Yordiginis covaplar Le cabsmaya
<atkn sajil adifoarz I nogimdiden tegekkor ederim,

1. Hanobil.m awslyecine kalimg olnan onoile dgili kavramlar aolamam
ariard: mt Acikler musn?

Z. Morokilim ve Mameicknoloji erimlen sodn icin ne ifede edizor™

3. Wanobil m we nan stekuolafi e Hlgili hangi konular dahaiyi anladin?

1. Hanobil.m ve nanatekaolagl de thgill hangl tonulan anlaw akia zorlzndin?

5. Nanobll.m ve napoteknolafl konusu Faklosda aklinda kelan Manobilim v

Morotcknokyi arasummalen ver o'

f. Apdye alopeanny en bilgilmcdici yaon neydi!

7. Buatilye calsmasindan Dfrendiiin on etld] eyicl oy neydi?

8. Buakolye cabymast napvbilim ve nanelekeolojiile igili gorayl=rindes na=nl
birdefisi me s ebyx olda?
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U Mok, Kades meeSiphel, STRH AFM wunler sSmn bon w2 ke
wxlipyor:
18 Maobilin we Namoscesk § ey rbtkai v pauter: boodbuisde golapor?

1 L Fanchillim ve vaesicinslall hallancs e meral codiperden™ Sbilye
gahoncms s 3ivemchildl v T

12 e e oo st nolimaes e s sbem bt ko sllef i i il Pulac
A T

1 4 Navsinkm v sasstc-hoslap lmablnocn shndkda sies el plor mone=™
Vo ol lelrdowsis ipedsind s Efremanek livr mipllaT

1. Be e capma wiam beldent] el welardi Belionti evind ke
s’

15 i il s ol sonrs e felosdof] Dr Bpll g srapmmals-
PP m§

L&
17 Rk moor rallermmcrrom Eovril e culcwry mmeemn S disglin sy oar 7 mr e
mol®

12, Al o coleamrsarsin. el Lobas ol wry v oo sy b aoll o

15, Ade vt colnmesarlin wtalic plban b doc i 30 o . e el

A i ishor sl vk Peiion saieils B o soniele onc el Be dpill Bonion b
oy bolion Beostel il o e ©

T B el Colrmaurenh el g e o ookl ol i - 7 vacrilloiniy



NANOBILiM ATOLYESINE
DAVETLISINIZ!!!

Aklinizdaki

sorulara cevap bulmak
ve

aklinizda

yeni sorular olusturmak
icin

Nanobilim Atolyesi
sizi davet ediyor.

Atélye Hakkinda Sorular

Katiim Ucretli mi?

Nanobilim Atolesi Deretsizdir

Sadece Gfle yemedi Guney Kampls'te isteye bal
olarak yenecefinden katiimalarinyanlannda

bir miktar para bulundurmalari gerekir.

Kimler Katilabilir?

Atdlye kanlim kanterjan simirl olup,
wveli izin formunu deldurup zamaninda teslim eden
ofrenciler katlabilir.

Atiilye Calis 1 Nerede Gerc 5 7

Botjazici Universitesi Kuzey Kampiis'ie yer alan

Etjitim Fakiiliesi Kimya Ofretmenliti Labaratuvar'nda

gerceklasecektin

Atdlye Calismalan Kim Tarafindan Yurutllecek?

Atiilye calismalar) Bofjazici Universitesi Ortaiijretim Fen

Maternatik Alanlar Balimi'nden;

Ofretmen adaylar, yikse klisans Sfrencisi Barra Sagun

wve DOr. Sevil Akaygin;
Boijazici Universitesi Kimya bolimii’nden;
Wrd. Dac. Or. Amitay Saniyal tarafindan yuratilecek

Daha fazla bilgi igin : berrasgn@gmail.com

APPENDIX K: BROCHURE

NIVERSITESI'nde

BOGAZICI
BIR GUN :

 LISE GGRENCILERINi
BEKLIYOR | Hafta ici

9.00-15.30
Kuzey Kampus

Efitim Fakiltesi Binast -

Katilmel sayist 25 il sinrlidie
Atitye calrsmast iicretsizdic
Atlye sonunda sertifika verilecektir,

Jynintil bilgi icin: berrasgnBgmail.com
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