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ABSTRACT

The purpose of the study is to raise awareneskpofentary school students and to
train them about nanotechnology and biotechnoladpyests, and to encourage educators
in integrating these subjects to curriculum. Nadot®logy and biotechnology are new
and key technologies. Nanotechnology and bioteclyyoare developing and spreading
with a great speed and nearly all of the countaiesmaking great investments in these
technologies. Consequently, education and raisiwgreness of public about these
technologies gained great importance. Studentedmptesent are potential workers and
consumers of these new technologies, and schaoleegrfactor to raise awareness about
advantages and potential risks of these young t#abies. We prepared nanotechnology
and biotechnology lesson plans and students gaatex in nanotechnology lessons in a
public school. We worked with 47"5yrade students. Effects of the study are evaluated
with interviews and observations in this qualitatigstudy. Interview answers of the
students were analyzed through developing them#s aointent analysis method. The

themes were, “What is Nanometer?”, “I Heard It fie First Time”, “Became
Interested”, “Manipulative Characteristic of Matd&r“Atoms”, “Future”, “Smallness”,
“Easiness-Simplify”, “Modeling from Nature”, “Sciee and Technology”,

“Hydrophilic-Hydrophobic (Permeable or Repellent ', “Self-cleaning”, “Can
Nanotechnology be Harmful?”. At the end of the gtwk concluded that students are
very interested and motivated against the counsedreey can easily learn the subjects.

Key Words: Education, Nanotechnology Education, Biotechnoledycation, Science
and Technology, Nanotechnology, Biotechnology, €ulum Development
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0z

Bu cakmanin amaci ilkgretim (ilkokul ve ortaokul) grencilerini nanoteknoloji
ve biyoteknoloji konularindaggmek, bilingclendirmek ve bu konulari mifredataesgre
etme konusundaggmenleri cesaretlendirmektir. Nanoteknoloji ve digknoloji yeni
ve stratejik 6neme sahip teknolojilerdir. Bu telajibér hizla gelsmekte ve yayillmakta,
neredeyse tum Ulkeler bu alanlarda buylk yatiriny@apmaktadir. Dolayisiyla bu
teknolojilerin  gitimi ve bu konularda toplum bilinci kazandirmak yiilk 6nem
kazanmgtir. Bugunun @rencileri yarinin potansiyel nanoteknoloji ve biknoloji
tuketicileri ve caanlarndir ve okullar bu teknolojilerin faydalarn viskleri ile ilgili
toplum bilinci olyturmada anahtar 6neme sahiptir. Bu nitelsgada nanoteknoloji ve
biyoteknoloji ders planlari hazirlangnive nanoteknoloji ders planlart bir devlet
okulunda uygulanmgtir. Arastirma 47 tane 5. sinif gencisi ile gercekigirilmis,
sonugclar réportaj ve gozlemlerle gbelendirilmistir. ROportaj cevaplari tema analizi
yontemiyle analiz edilerek, “Nanometre Nedir?"ilk* Kez Duyuyorum”, flging
Olmak”, “Maddelerin Ozelliklerini Dgistirmek”, “Atomlar”, “Gelecek”, “Kiigukluk”,
“Kolaylik-Kolaylastirma”, “Dogadan Ornek Alma”, “Bilim ve Teknoloji”, “Su
Gegirirlik-Su  Gecirmezlik”, “Kendi Kendini Temizleal, “Nanoteknoloji Zararli
Olabilir mi?” temalari olgturulmustur. Osrencilerin derslere kar yilksek motivasyona
sahip ve cok ilgili olduklari, konular rahatlikigrenebildikleri sonucuna wdmistir.

Anahtar Kelimeler: Egitim, Nanoteknoloji Eitimi, Biyoteknoloji Egitimi, Bilim ve
Teknoloji, Nanoteknoloji, Biyoteknoloji, MufredateBstirme
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CHAER 1

WHAT IS NANOTECHNOLOGY?

1.1 SIGNIFICANCE OF THE STUDY

As a new field, nanotechnology has become a cesftenterest, thanks to its
significant promises since the late 90’s. Experésseh compared the technological
breakthrough of nanotechnology with silicon andspita their effects on society and the

wide range of new products, which emerged fronrtheage (Luther, 2004).

Different from substantial areas that have commaéreffects developing around
core discipline areas; nanotechnology is identig#h its interdisciplinary structure and
predominance of research and technological innonstat the frontiers of science and
engineering. It has a very important role in irdeseiplinary research, whose discoveries
and inventions promise to have powerful commerarad societal impact (Tiwari and
Chattopadhyaya, 2004). This new “small” method ahipulating materials guide us for
emerging young research areas and improvement wf preducts that are already
available on the commercial market (Luther, 2004& have already seen its effects on
commercial areas like electronics, materials aratiegs, catalysis, and some areas like
biotechnologies, mechanical technologies, and offredds are expected to show

significant improvement in the near future (Tiwand Chattopadhyaya, 2004).
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Figure 1.1 Gth of innovations (Poire, N.).

Organizations and companies such as NSF(Nationan&: Foundation),
Cientifica and Lux Research Companies searchedmiarketing, made surveys and
predicted that nanotechnology would reach 3 tnlkimllars marketing growth in the next
10 years, and would be the industrial revolutio2bdt century (Nanobulletin09, 2010).

Ever-increasing demands arise from industry to ra@sie new ideas and
nanotechnology based products and to protect eatell property. In the next decade,
diversity of industrially developed nanostructureoqucts and societal effects of
nanotechnology are probably going to increase hagiRloco, 2003). Nanoscience will
be a crucial component for understanding natureenobearly in the future decades.
Significant subjects contain great cooperationsinterdisciplinary studies, specific
education and training, and transferring of opisi@nd people to industry(Roco and
Bainbridge, 2001). Well-equipped workers that hawdtidisciplinary aspect are main
need for rapid progress of new technology; thessfohe new generation should be
educated and trained in a short time about nanotdayy, which is the main challenge
for progress of nanotechnology. And, that kind déi@tion should be introduced not
only in collages but also in the kindergarten levele to the similar reasons that
microscopic approach has made dominance in the 38stears, the concepts of

nanoscale (atomic, molecular and supramoleculagldgwshould be introduced in the



education system in the next decade. Additionalygople from scientists to
nanotechnological audiences who may contributeetostbn making in nanotechnology

use and financial support should be informed (RG0663).

One of the most significant scientificdai@chnological progresses in twenty first
century has been biotechnology and its applicationsrious areas (Ozel et al., 2009).
Informing the students about scientific and techhigspect of biotechnology and to
qualifying them as the future’s decision makershamdle with innovations and risks of
biotechnology using senseful ways is a respongikifarms, 2002). Like Hurd (1994)
stated, could be much better forwarded in schoetime modern science curriculum

and “prepare new minds for a new age” (Hurd, 1994).

The purpose of the current study is tseraawareness of elementary school
students and to train them about nanotechnology aoidchnology subjects, and to

encourage educators in integrating these subjeatementary school curriculum.

1.2 WHAT IS NANOTECHNOLOGY?

Indeed, there is not a shared and expléfinition of nanotechnology. However, a
general concurrence emerged that nanotechnologybeadescribed as a technology
connected to the production, research and appitatif lateral structures, layers,
molecular units, inner boundary layers and surfacesritical scale or fabrication
tolerances that enlarge from about 100 nanometexs do atomic rules to size (Luther,
2004). U.S. National Nanotechnology Initiative (NNéxplains nanotechnology as,
“Nanotechnology is science, engineering, and teldgyoconducted at the nanoscale,

which is about 1 to 100 nanometers.” (Web Page, 8).

Nanotechnology works at the atomic, mal@cand supramolecular levels, in the
scale of 1 to 100 nm space and this range allowts generate, manipulate and utilize
matters, tools and systems with basically new ptaseand functions because of their
tiny structures. Nanotechnology has the comprelmgnoli the phenomena and processes
at the nanoscale and integration of nanostructtivesigh larger lengths. All of the
substances and systems form and constitute themrdfdion at the nanoscale (Roco,

2002). A blood cell is nearly 7.000 nm wide, a watelecule approximately 0.3 nm



cross (Web Page, 11), a single wall nanotube isitab@ nm in diameter, molecules of
DNA are about 2.5 nm wide; proteins are betweemd 20 nm, an ATP biochemical
motor consisted in living cells is about 10 nm iardeter. By the size of a human cell, a
molecular machine like ATP biochemical motor maynbi@imized. In the same region

wide surface space and powerful reactivity are gnelprant (Roco, 2002).

1.3 NANOTECHNOLOGY SAMPLES FROM NATURE

As Dumanli and Yurum (2005) pointed out nanomalterteas been existent in
nature for millions of years, but people started rexognize beneficial use of
nanotechnology just nowadays (Dumanli and Yurun®520

1.3.1 Lotus Leave

Nature uses a couple of different manner to arratigegs hydrophobic or
hydrophilic. Lotus leaves keep very small, onlyeavfhundred nanometers size hairs.
These tiny hairs are hydrophobic and aid to keepvager. Thus, when the collected
water gets big enough, its form becomes a drop@ltsgldown the leaf (Web Page, 3).

Figure 1.2 Water droplets roll across the leafamefand pick up dirt particles (Web Page, 16).



1.3.2 Namibia Insect

The Namibia beetle lives in Namibia, a country ifnidga. The Namibia beetle has a
mechanism to collect water on his back. This meisharhas also very small bumps of
hydrophobic instrument that aid with collecting @emtThe drop of water slides down to
the back of the battle when the water drop getshimugh, so that the beetle can drink it
(Web Page, 3).

Figure 1.3 Namib insects collect humidity from #ieon his back as droplets and they fall down

to the insects’ mouth (Web Page, 10).

1.3.3 Gecko’s Foot

Geckos have very sticky nanometric size width péd$ cover their toes. With
these sticky nanometer-sized pads, Geckos cary etisib on walls. The pads are sticky
enough to allow them to hang upside down, but notdticky to prevent them from

pulling their feet off the surface (Web Page, 3).



Figurel.4 Geckos’ sticky nanobdifoot (Web Page, 3).

1.3.4 Butterfly Wings

The surfaces of butterfly wings are madelomg and thin parallel hair-like
structures that are just 150 nanometers thick aadeparated by air spaces. The fibers
and air have different refractive effects on ligsttjking the wings, causing interference

and producing bright iridescence (Web Page, 4).

Byy  KI@.eae IHn ROBZ JEM-S688

Figurel.5 aMorpho Didiusb) Oblique view SEM images c) A croos section gf@und scale of
Morpho Didiusbutterfly (Kesong and Jiang, 2011).



1.4 HISTORICAL DEVELOPMENT OF NANOTECHNOLOGY

The opinion of manipulating properties of a chemicgtially started with the
ancient alchemists. They investigated to get an antetity elixir or “get rich quick”
formula manipulating guide into gold knowing th&eeical reactions and purifications
could make such things occur. Those early alchenwsdre literally trying to make
nanotechnology via manipulating atoms to obtairuested compounds (Williams and
Adams, 2007).

Early nanomaterial samples were relied on craftsieRperimental perception and
manipulation of materials. One of the usual stagdbeir processes was usage of high

heat for producing these materials with new propeifWeb Page, 1).

4th century: A sample for dichroic glass is The Lycurgus Cuprtie). The glass
contains colloidal gold and silver; thus, provides opaque green appearance when the
light comes from outside. On the other hand, itobees translucent red when light

comes from the inside (Web Page, 1).

9th-17th Century: Glowing, shining “luster” ceramic glazes that unéd silver,
copper, or another metallic nanoparticles was fisstd in the Islamic area and then in
Europe (Web Page, 1).

6th-15th Century: Nanoparticles of gold chloride and other metaldesi and
chlorides provided rich colors to stained glass deins of European cathedrals;
additionally, gold nanoparticles behaved like plkatalytic air purifiers (Web Page, 1).

13th-18th Century: “Damascus” sword blades involved cementite nanesvand
carbon nanotubes, a very high carbon steel formoulathat provided them power,
resistance, and ability of keeping a sharp edge ,aamnapparent wavy figure in the steel,
which gave blades their name (Web Page, 1).

Examples of Discoveries and Developments Enabling aNotechnology in
Modern Area

1959: Entitled “There is Plenty of Room at the Bottolatture was presented by
Professor Richard Feynman in 1959 at the annuatingeef the American Physical



Society at the California Institute of Technologgynman presented the opinion that it
Is possible to manipulate and control matters orulmr@asmall scale by forming and
operating matter one atom at a time. He explainedcauld fit in 24 volumes of the

encyclopedia Britannica on the head of a pin (\Afiis and Adams, 2007).

1974: ProfessorNorio Taniguchi from Tokyo Science University usead term
nanotechnology for the first time to explain accyranachining of materials at the

atomic-scale dimensional tolerances (Web Page, 1).

1977: Eric Drexler started the concepts of molecular abechnology at MIT
(Massachusetts Institute of Technology) (Web Pape,

1981: Gerd Binnig and Heinrich Rohrer from Zurich Resbaraboratory of IBM
invented the scanning tunneling microscope whickms scientists to observe and
move each individual atom for the first time. Thexplored that they could move atoms
around into shapes according to their demands ing @ electrical area and a particular
nanoprobe with an ultrasmall tip (Williams and Adar@007). Binnig and Rohrer won
the Nobel Prize in physics with their inventionsafinning tunneling microscope in 1986

(Web Page, 1).

1985: Rice University researchers Harold Kroto, Seanr@t® Robert Curl, and
Richard Smalley found out the Buckminsterfulleref@60), usually known as the
buckyball, which is a molecule comprised complet&yarbon and looks like a soccer
ball in form (Web Page, 1). The novel carbon famibs termed the fullerenes (Williams
and Adams, 2007). For their contribution in thiplexation and that of the fullerene
molecules group more generally, the team won t/86 Mobel Prize in Chemistry (Web
Page, 1).

1986: First book about nanotechnology was published by Brexler named as
“Engines of Creation: The Coming Era of Nanotecbgg! (Web Page, 5), and atomic
force microscope was invented by Gerd Binnig, Gal@uate, and Christoph Gerber

(Web Page, 1).

1989: Don Eigler at the IBM Almaden Research Center im Sase, California
shaped the letters ®BM by using 35 xenon atoms; and photographed his aament
(Williams and Adams, 2007).



1990s: Early nanotechnology companies started to run, sashNanophase
Technologies in 1989, Helix Energy Solutions Grau@990, Zyvex in 1997, Nano-Tex
in 1998 (in US) (Web Page, 1). Correspondingly, ftfet journal about nanotechnology
was published (Web Page, 5).

1991: Multiwallet carbon nanotubes are discovered by Suhjima (Ak, 2009).
CNTs, similar with buckyballs, and their structu@mpletely consist from carbon, but
they have a tubular form. Carbon nanotubes denaipstrery unusual properties, like

strength, thermal and electrical conductivity (WRdme, 1).

1992: Single wallet nanotubes were invented by Sumiongjiand Buthene (Ak,
2009).

1993: Nanocrystals (quantum dots) synthesis was opevédeal method developed
by Moungi Bawendi of MIT. This method allowed fanplementations ranging from

calculating to biology for highly effected lightirand photovoltaics (Web Page, 1).

1998: DNA-based nanomechanical tool was invented foffitlsetime (Web Page,
5).

1999: An electronic key with a single organic moleculeswavented for the first
time by M. Reed and J.M. Tour (Ak, 2009).

1999—early 2000’s: Nanotechnological products began to appear in the
marketplace (Web Page, 1).

2000: In the U.S., President Bill Clinton established Nwetional Nanotechnology
Initiative (NNI) (Web Site, 5). The U.S. governmdatinded $422 million for the first

time for nanotechnology research (Ak, 2009).

2003:Naomi Halas, Jennifer West, Rebekah Drezek, anét@dPasqualin at Rice
University enhanced gold nanoshells. It providdgs lof advantages for breast cancer
discovery, diagnosis and treatment without invasieperations, radiation or

chemotherapy (Web Page, 1).

2004: Nanoscience and Nanotechnologies: Opportunities lamzertainties were
published by Britain’s Royal Society and the Royalademy of Engineering. This
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publication called attention to possible environtaén ethical, health, social and
regulatory subjects related with nanotechnologyd Arst college-level nanotechnology
education program was established by SUNY AlbamyGbllege of Nanoscale Science

and Engineering in the United States (Web Page, 1).

2006: A nanosized car was made by James Tour and coleagLRice University.
The car consists of four spherical C60 fullerengclyball) wheels and oligo (phenylene

ethynylene) with alkynyl axles (Web Page, 1).

2007—:Angela Belcher and colleagues at MIT inventedtadin-ion battery with a
usual virus type that is harmless to people, toausbeaper and environmentally benign

course (Web Page, 1).

2008: A great milestone through the protein arrangemeath pto efficient
nanosystems and advanced nanotechnology has beemg@ished. The design was
provided with computational ways of enzymes. Theyares catalyze reactions without
biological enzymes (Web Page, 6).

2009-2010:Nadrian Seeman and colleagues invented variousticohanoscale

assembly tools similar to DNA at New York Univeys{iVeb Page, 1).

2011: DNA molecular robots learned walking through branched roads in an
direction (Web Page, 5).



CHAPR=2

POTENTIAL RESEARCH AND APPLICATION FIELDS OF
NANOTECHNOLOGY

Because of two major reasons the properties of maltecan be unusual on
nanoscale. First, nanomaterials have larger sudaea accordingly the same mass of
larger formed materials. Thus, the materials cambee chemically reactive, and affect
electrical or strength properties of materials. &g classical physics laws turn off to
quantum effects below 50 nm, thus it promote optitegnetic and electrical behaviors
of materials different from their larger scale farnThese effects can make materials
gain very practical physical properties, like eamtdinary electrical conduction or
resistance, or a high heat storing and transferdgagability and can even modify
biological properties, with silver for instance aoing a bactericide on nanoscale
(OECD and Allianz Report, 2005). All these diffeces give us opportunities for new
applications. Thus, nanotechnology allows for yoomgthods of manufacturing. At the
beginning of the twentieth century, for buildingcessively small circuits and materials,
everything must be done with diligent sensitivitydacare in super clean rooms
(Williams and Adams, 2007).

2.1 APPROACHS OF NANOTECHNOLOGY INDUSTRY

Two main production methods were distinguished abhanotechnology;

2.1.1 Top-Down Approach

Top-down approach means that using particular efgclnd machining methods
like lithography and ultraprecise surface for figgr decreasing microscopic elements

11
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construction sizes to the nanoscale (Luther, 200y materials are etched with very

sensitive tools, chemicals, and a pattern ontoyardéal substrate to provide the correct
circuitry. Top-down manufacturing explains how cartgrs are manufactured at present
(Williams and Adams, 2007).

2.1.2 Bottom-Up Approach

Bottom-up approach means putting together atonmake greater nanoproducts,
thereby producing unique nanotechnological prodwiftshe nanoproduction course
(Elbadawi, 2010). Self-assembly of microcapsules$ @her nanoparticles are made with
the bottom-up approach. This is also how computerelectronics designers anticipate
making very small chips to put in a fingernail orglace under the skin (Williams and
Adams, 2007).

2.2 NANOTECHNOLOGY TOOLS

Manipulating atoms and molecules individually wasagined by scientists for a
long time. Eventually, scientists can project newtenals having specific properties
controlling structure on the nanoscale(1-100 nm@namenallyVarious tools have been
improved over the past 20 years, the tools namadnseg probe microscopes, allowing
not just “seeing” individual atoms and moleculestbe surfaces of materials, but they
provide opportunity for moving atoms and molecuwdesthe nanoscale at the same time
(Web Page, 12).

2.2.1 Electron Microscopes

Various types of electron microscopes were useddigntists for searching the
diverse properties of nanomolecules. There areethracroscope types that are
commonly used; Scanning Electron Microscope (SEM)yansmission Electron
Microscope (TEM) and Analytical Electron MicroscopdEM). To investigate
everything at the nanometer scale, these typesidiedent related tools are used based
on the sample and the information needed (Williams$ Adams, 2007).
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2.2.1.1. Scanning Electron Microscope

Scanning Electron Microscopes (SEMs) are utilizem ihspect materials
topographies via a magnification ground that cirsaribes that of optical microscopy
and enlarges it to the nanoscale. A SEM can scganmple surface by a finely focused
electron beam for producing an image from the auegons of beam-specimen detected
via a large detectors array (Web Page, Bhnerally, 5 to 10 nm or magnifications of 10
to 100,000 SEMs produce high resolutions of a diyerof samples. Besides, some of
the current SEMs with a resolution of 1 nm can hedc000,000 magnifications
(Williams and Adams, 2007).

2.2.1.2. Transmission Electron Microscope

Transmission electron microscopes use very this |(@n or less) samples lighted
up via an electron beam. The electrons pass thdlighsample with a system of
electromagnetic lenses that widen and focus image ftuorescent screen, photographic
film or digital camera and images are recorded étgcting these electrons (Web Page,
15). Although SEMs can only scan a surface of apsantransmission electron
microscopeg TEMs) can scan all the way along a sample. A TEM display images
approximately 500,000 times smaller than a humanand 1000 times smaller than a
compound microscope. TEM'’s resolution is abouttd.D.2 nm (Williams and Adams,
2007).

2.2.1.3. Analytical Electron Microscope

A TEM, which is supplied with analyticabols like X-ray and electron
spectrometers, is called amalytical electron microscop@@EM). AEMs can measure
and shape images from the X-rays produced by atehen they are bombarded via
many electrons. Additionally, when they move thrioumgaterials, AEMs can measure the

electrons’ energy loss.

Extremely high performance of AEMs allofes too much (up to 0.1 nm) high
resolution imaging qualifications to scientistso&iemical research, smart coating, fuel
cell research, magnetic nanostructures and semuctordquantum dots are principal
areas that take advantage of AEM scanning (Williams$ Adams, 2007).
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2.2.2. Scanning Probe Microscopes

Scanning probe microscop€SPMs) are a group of tools used to examine the

surface types of materials from atomic scale tooseale (Williams and Adams, 2007).

2.2.2.1. Scanning Tunneling Microscope

Depending on the type of STM probe tip, differeitds of images can be seen.
The tip is kept at a stable distance such as amaiatdiameter or 0.2 nm away, and the
tip is increased or decreased to keep the curlewing at a stable value, which means
the distance is continued. Generally, a voltagpregluced between the surface of the
conductive sample and the probe tip; and this geltaan cause a flow of electrons

across the gap, which is termed as tunneling (8§ and Adams, 2007).

2.2.2.2. Atomic Force Microscope

The atomic force microscopes (AFM) use a laseectifig off the behind of the
probe tip to determine the position of the prolgertiounted on an elastic beam. The
probe tip goes up and down as the tip moves aloagurface because of the valleys and
ridges on the surface of the sample. The AFM has tesolution measures: the
measurement plane and the vertical direction toplhee. Highermost AFM tip is an
ultra sharp carbon nanotube tip, which is able hase outline of a sample much

correctly (Williams and Adams, 2007).

2.2.2.3 Laser Scanning Confocal Microscope

For sweeping through a sample, a laser scanninfpcalnmicroscope (LSM)
utilizes scanning mirrors and a laser light (uliodet). All the things that you can view to
one focused slice are limited by a small apertAreomputer composes numerous single
slice images, thus 3-D picture comes into existemca monitor (Williams and Adams,
2007).

2.3 RESEARCH AND APPLICATION FIELDS OF NANOTECHNOLO GY

Expected developments in nanoscience anot@eamology carry out “big business”

potential obviously. Planned global market indoreeta of over than $1 trillion each
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year are anticipated in the fields of fabricatingc&ronics, health protection, pharry,
chemical plants, transportation and environmenmpeency over the future 10 to

years (Sweeny, 2003).
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Figure 2.1 Nanotechnogly patent applications percege by nine designed technology areas
(Daisuke, 2006).

As it is shownin figure materials, electronidevices and then medicine and
sciencesareas are mospatented nanotechnology applicatioBgveral nanotechnolog

based applications and elements are explicatedvbelehort
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2.3.1 Information and Communication

It is forecasted that this new area would be venpdrtant for especially

communication and information technologies (Lutt2€04).

Displays: Several nanotechnological flat-panel display tebtbgies seem
promising for the future; for instance, organichligemitting diodes (OLED) or carbon
nanotube based field emission displays (CNT-FED)d Awo of them have so much
anticipated marketing potential, if substantialhtealogical problems can be solved
(TUSIAD, 2008).

Data Processing and Storage:Nanotechnology creates the possibility for
development of very high integrated logics, imméndegh storage intensity in tiny
mass memories and top performance of non-volatdekiwvg memories for hardware
systems (Luther, 2004).

Mobile electronics: In the range of thermoelectric converters, batgrminiature
fuel cells, or solar cells, nanotechnology can werably develop mobile energy
fabrication. Mobile electronics applications witiilude wearable electronics woven with
textile fibres for health surveillance or teleconmuation goals. Additionally, increased
or virtual reality tools in the work place or fomasement as good as versatile handheld
tools with multiple uses as a personal waiting-ngmchronical translator, and mobile
library e.g. expected to be realized in the fu(gSIAD, 2008).

2.3.2 Medicine and Health Care

Engineering materials on nanoscale perrfots new medical therapies like
producing nanoparticle-based drugs that have a@ebsyecificity for target cell and as a
result diminished the side effects (Pautler anchBeg, 2010). Atomic force microscope
(AFM) technology is used to develop smaller andtdvesensitive microarrays for
utilizing in diagnostics and drug exploration. Fexample, AFMs can be used for
surfaces which have nanostructure, and it can nithlese surfaces much more

biocompatible (Roco and Bainbridge, 2001).

Many drugs are not marketed because tmeynat water soluble adequately.

Formulating drugs by using nanoparticles can alsr drugs’ solubility; enhance their
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endurance against enzymes and stomach acid to tpemch better uptake from the
small intestine and to allow manipulated release éxample, over days instead of
minutes and hours). Nanotubes associate with diitermechanism for drug
transportation both as a “container” and possiblyystem for “nano-injection” inside
cells. Many nanotechnology based drugs like Daxildvarian cancer and Abraxane for
breast cancer is being used for cancer treatmeptesent, and these nanotechnology
based drugs have been approved by the FDA. Additigrprogression in regenerative
medicine using nanofibers and carbon nanotubesydesigned extracellular matrices
and dendric nanopolymers are some instances ofgyoechnologies that are being
improved to effect different main causes of fayalgénd sickness rate in the USA

including cancer, Alzheimer’'s and heart diseas@t{Eaand Brenner, 2010).

Nanotechnology will provide us very quickly sequermt an individual DNA with
nanosequencing and consequently decide genetidbdignsto disease, medicine
intolerances and medicine metabolism progressidnsorsg last. Diseases will be
detected more quickly via progress in lab-on-atcpls, and individual biotic signs
could be screened with more detailed with simibeg (Luther, 2004).

Of specific importance is the US National Sciencairtdation’ emphasis on the
parallel research of appearing ethical and sockdtters emerged with rapid growth in
nanoscience or nanotechnology. The convergenceawnbtachnology, biotechnology,
information technology and cognitive science may esga novel scientific
methodologies, engineering examples and indugiraducts that would increase human
mental and conversational talents. Science wouldady to accomplish in a very quick
program to figure out the structure and activitésthe human mind and the Human
Cognome Project by combining these disciplines €wg2003).

Other progresses are being created in medical &smlgnaterials to use in surgical
procedures that are fewer invader, guiding to shaecovery periods and diminished
hazard of postoperative infections or differentligmges. These kind of innovations will
increase the quality of life; may decrease therentbst of health care and enlarge

expectancies of life (Pautler and Brenner, 2010).
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2.3.3 Chemistry

Nanotechnological fabrication and chemical-basedostuctured materials have
already begun in the chemical industry. Some chanmanotechnology based products
are in the market for a while and in the long temanotechnology based chemistry is
predicted to go further to develop beyond trad#@iomaterials. For instance, self
cleaning ceramics and paintings (lotus-effect),apanticle related sunscreens, biochips

working with nanoparticle markers, loader in careehor catalysts (TUSIAD, 2008).

Developed countries are targeting to exchange hwetahd semiconducting
elements with carbon based materials as tag aff@agement policy. For example,
organic semiconductor, involving carbon nanotubase investigated as potential
substitutes for semiconductor elements like selanigermanium, cadmium, arsenic,
gallium and antimony, of which China is the prpadi supplier for many. Additionally,
due to their unusual electric and thermic propsrt@arbon nanotubes are hoped as an
alternative for high-conductive metals in electosni like silver, gold and copper
(Schummer, 2007).

Generating “intelligent” materials withbiorn sensing and behaving properties,
adjustable optical, mechanical and thermal propexir even properties healable by their
own are some of the future aims of molecular nafotelogy. One purpose here is to
copy of biological processes for technological pcas by combination of biological and
artificial materials, buildings and systems. Thenobiotechnology area is still in the
condition of essential research at present, bistdbnsidered one of the most promising

research areas for future (Luther, 2004).

2.3.4 Food Sector

Nanotechnology can bring lots of potential advaesago the food industry
(Duncan, 2011). Lots of vitamins and their herdile cerotinoids are not soluble in
water. But, when smartly produced and developedaasparticles, lots of vitamins and
their precursors can quickly be combined with celdter; thus, their biological
effectiveness increases in human body. All arodredworld market, potential of such

micronized materials predicted at 1 billion doll@csther, 2004).



19

Nanocompound plastics could procure the basis darepful packages which have
high bar to oxygen and water vapor. Nanopartided &re silver and metal oxide are
strong antimicrobial actors which can put away tomthe pathogens; and nanosensors
suggest new methods to identify microbes, gaseh@mical waste in complicated food
matrices. And nanoencapsulation can aid strengstaple foods with fundamental
nutrients (Duncan, 2011).

2.3.5 Energy and Environment

Nanotechnology has a very big potential for altleff parts of energy sector such as
fabrication, storage, distribution and use of epexgpply of the world. Engineering solar
cells including nanorods or nanolayers might imgatlly raise the electricity amount
which is transformed from sun light by utilizing asore efficient light absorbers

nanostructured surfaces and nano porous electtbdtéser, 2004).

Nanotechnology applications for storifg tenergy involve producing batteries
and fuel cells by utilizing nanoparticles and namets. Currently patented lithium ion
batteries that contain nanosized lithium titanate procure 10-100 times better charging
or discharging degree compared to widespread hetteA number of groups are
studying hydrogen storage probability in nanostrredd materials like, carbon
nanotubes, nanocrystalline magnesium compoundsrganometalic compounds, and
they might be used for the sector of fuel cell (TAI3, 2008).

Metals can become lighter, harder and stronger;cmdmics can become more
shapeable and flexible by using nanoparticles. Thase materials can decrease fuel,
energy and materials (Luther, 2004). For envirortalesieanliness, the organization and
alteration of atomic and molecular scale matteesg@mt a lot of possibilities. Unusual
properties of current nanosize materials can makentost advantageous in cleaner
energy creation, energy capability, treatment ofewaand environmental remediation
(Williams and Adams, 2007).

Globally water distillation and desalinization aeme of the significant areas of
environmental security and preventative defenseesithey can supply the water
necessity in the future (Roco and Bainbridge, 200/jthout question micro- and
nanopourus filter production can help the clearohghe microbes and other pollutants
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from water (Schummer, 2007). Nanotechnology basatemdesalinization tools have

been architectured desalt sea water spending niiditnames less energy than state of
the art reverse osmosis and minimum 100 timesdassgy than distillation (Roco and

Bainbridge, 2001). Thus, new water sources canobad thanks to these desalination
plants (Schummer, 2007). Nanodesigned ceramic namabr could be stated in

alignment within traditional treatment systems fioal cleaning of contamined air and

water (Williams and Adams, 2007).

2.3.6 Textile

Nanotechnology has already affected textile ingystnd research that involves
nanotechnology to develop performances or gengratmque functions of textile tools
are amazing. These processes finish set up an isarlewel about textile performance
including stain-proof, hydrophilic, anti-static, rgtk-resistant and wrinkle-proof
gualification. Also, if they are worn close to thedy, these clothes can transform
courted mechanical pressure into electrical indicand can provide the monitoring of
somatic functions like pulse and heart beat. Mastufeng clever, sensible textiles with
immense qualifications and increasing, healingenirfunctions, productivity of textile
tools are two main important things for the futymegress of nanotechnology based

textile. This new qualifications in textile techogl to be developed contain;

-Wearable energy depot and solar cell,
-Knowledge acquisition convection and sensors,
-Civilized, multiunit conservation and detection,
-Medical-care and wound treating functions,

-Self-cleaning and mending functions.

Textile is going to have a very important rolefuure material market; thus, it is
expected that nanotechnology will provide aboutdnads of billions dollars effect on

novel materials within a decade (Qian and Hinestr@904).

2.3.7 Space Exploration

Nanobuilding is important to the engineering anddpicing of high-resisting,

thermally stable, lightweight materials for rockedgcrafts, space stations and planetary
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or solar discovery platforms. The increased netyesdiminimized, greatly automated
systems will guide influential developments in proehg technology also. Furthermore,
improvement of nanostructures and nanosize systieatan not be produced on Earth
may help by force of the low-gravity and high-vacugpace environment (Roco and
Bainbridge, 2001).

2.3.8 National Security

Particularly in national security applications @fnotechnology will create a power
that provides very big advantages and immortal cesfeFor national defenses and
security, nanotechnology applications and usagel@ermined in many fields. Some of

these are like follows,

-Miniaturized sensors, high speed processors amgntmication devices,
-Cyber artificial systems for education,

-Unmanned land, sea, air drives,

-High performance in military platforms,

-Developed chemical, biological, nuclear sensasigstems and care drives,
-Developed systems for observations and blockinguofear fall out,
-Enhancing human power performance,

-Creating systems which provide brain-machine sudsl@Ozer, 2008).

2.4 POTENTIAL RISKS AND BENEFITS OF NANOTECHNOLOGY

According to some, declared as starting in a new-thg “next industrial
revolution” nanotechnology is the latest in a Idimg of technologies (Hansen, 2009).
Currently 1317 nanoproducts are offered for saled ghe number of these
nanotechnology products increased 521% from MafBff6 20 March 2011. Health and
fithess category have 738 products, and it isdhgelst main category. This category has
like cosmetics and sunscreens products (Web Pagls2t is shown in the diagram the

number of nanotechnological products fastly inareagear by year,
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products inventory (Web Page, 2).

Besides the positive expectations, theeeirmportant concerns too; big proportion
of probable environment, health and safety riskBISE of engineered materials and
nanomanufacturing process are not clear (Ok, 2012).

2.4.1 Future Promises of Nanotechnology

With their interfacial layers, quantum energetissjall measurements combined
with extraordinary optical and electronic propestié is assumed that nanomaterials
would be stage breaking development in scientifeldé such as pharmaceutics,
knowledge archiving, chemical and optical compyteretals, ceramics, polymers,
catalysts, sensors, batteries etc. In additiorh&x tchemical, mechanical or structural
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actions, technologically functional properties @homaterials attract many researchers’

interest (Dumanli and Yurum, 2005).

Increasing technological novelties related to namose are likely to be
marketable as they allow for bigger control oveergnatom and every molecule building
(Sweeny, 2003). Instances of these innovationggpected to appear in a large variety

of fields like following:

- With the help of nanobots regenerating the strdtesp ozone layer.

- Establishing methods in nanosurgery, fixing damé&giisd.

- Establishing molecular circle boards, improving emoilar computers, developing
the data storage.

- Copying precious products like food and diamondsng new applications of
carbon nanotubes, enhancing the quality and dtabilimetals and plastics; producing
"smart” materials like, biomimetics, "shape memocgmposites (Sweeny, 2003).

Nanotechnology is expected to bring immense bengiitelectronics, medicine,
energy, consumer products and different applicatioand it is predicted that
nanotechnology will have 3.1 trillion dollars amasiof products by 2015 (Ok, 2012). In
the future 10 to 20 years; advancing technologidisamaze us (Williams and Adams,
2007).

2.4.2 Potential Risks of Nanotechnology

The trueness of nanotechnology is progressing yswhat serve us all things from
quicker and smaller computers, better tennis balls] stain-repellent clothing, to
transparent sunscreens (SPF60), molecular sensois, cell-characteristic cancer
treatments. Currently, hundreds of nanotechnologgetl brands are on the market
(Williams and Adams, 2007). Maynard (2006) relatdese products the tip of
nanotechnology practices iceberg because lots séarehers and nanotechnology
industry employee are creating and engineering materials continuously. And we
have a few information evaluating and leading ridRecause it will come with the
potential to present benefits and risks to peopteenvironment health at the same time,
we can not assume that nanotechnology will be mdiffe from other industrial
innovations certainly (Maynard, 2006b). Holsapple k&t al. (2005) stated that
environmental and other security worries related namotechnology have already
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increased. Because of their high persistence, tle surface area and the related raised
reactivity of some nanoparticles can enable widegport in the environment or they can
affect biological organizations from communicatiovigh cellular material (Holsapple et
al., 2005).

In the recent times, particularly following somadies that declared that a number
of nanomaterials can conduce to negative resulialobratory animals, benefits and
potential hazards of some nanoproducts have bepre@dr(Hansen, 2009). Number of
researches and experiments has been done on tiespieand dermal exposure to
nanoparticles and different ultrafine particles idapple et al., 2005). There is some data
about a number of nanoparticles may be able to mioem the lungs into the
bloodstream (Maynard, 2006b) and nanosized pastatgyregate in the inhalation tract
by diffusion mostly(Hansen, 2009). There is vetidiinformation about the disposition
and destiny of the nanosized particles (<100 nmjhm body. Toxicologists require
understanding the exposure and impacts of diseratesized particles for precisely

understanding nanomaterials (Hansen, 2009).

Fibre-shaped nanomaterials can cause unusualatidraldamage, and their
pulmonary toxicity should be utilized as an emeoyematter. Respiteing of enough
dose of asbestos fibres can start to the maligpatiénce mesothelioma. There is no
enough information about fibre-shaped nanosizetigies consisting from carbon and
other materials will act like asbestos or not (Margh 2006a).

Nanomaterials might impact other spices, probablgnging ecological balances
even if they are not harmful to humans. For examggsearchers are worried that silver
nanoparticles that use an antimicrobial agent caralpotential hazard to beneficial
bacteria in the environment. Matters adding thedmotof the food chain have a habit of

impressing organisms higher up the chain, thustifig humans (Maynard, 2006b).

In recent years lots of researchers and scientigt® were interested in
nanotechnology, international organizations anduleggry agencies have played an
active role against advancing risk evaluation fanematerials. As well as industry,
regulatory agencies, academics and scientists vergment all of them have a part in

these improvements, for instance under chemicalsméking with regard to
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nanomaterials(e.g. Registration, Evaluation, Auttagion and Restriction of Chemical
substances, REACH) ( Khara et al., 2010).

Exposure evaluation is prevented by difficultiesmionitoring nanosized material
exposure in the work field and the environment,tihg fact that nanosized materials
environmental and biological pathways, are stitgéy unexplained (Hansen, 2009).
Maynard (2006) argued that in the future 10 yeawssible effects of developed
nanomaterials on the people’s health and envirohncenld be predicted. People
generating and using nanomaterials could improwexpected diseases increasing from
their exposure without targeted and strategic tiskestigation. Civil reliability of
nanotechnologies could be decreased along trugpactable dangers and sue fears may
make nanotechnologies less interesting for finarame the security industry. If strategic
investigation is promoting sustainable nanotechgiel® in which potential hazards are
minimized and advantages maximized, the scienceetgoequires to move at present
(Maynard, 2006a).
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NANOTECHNOLOGY CONSTRUCTIONS ALL AROUND THE
WQR

Japan (approx. $800 million in 2003), USA (appr$X74 million in 2003), and
Western Europe (approx. $650 million in 2003) hagen the leading nations in terms of
funding support for nanotechnology. Other developaahtries, especially the nations of
Southeast Asia (Taiwan, Singapore, South Korean&@hhave also raised the funds they

provide for nanotechnology investigations (Lut#04).
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O China O W. Europe
O UsA O Japan

B Others

Figure 3.1 Governments nanotechnology funding fi®®7 to 2004 (Web Page, 13).
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The figure shows Japan followed by theAUS the leader government about
making investing in nanotechnology and governmemiagotechnology funds are
increasing continuously.
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Figure 3.2 Nanotechnology patent application numbamsidering applicant nationality and
submitted by four largest patent organizations $Diee, 2006).

3.1 UNITED STATES

The US plays a leading role in nanotettyo United States visioned the
importance of studies on nanotechnology early oréakthrough in the United States
was the establishment of the Foresight InstituteBoic Drexler to raise society’s
awareness about the future of advanced technologiee Foresight Institute held
conferences on molecular nanotechnology, produaesighted articles and newsletters,
and maintained virtual discussion forums in 198%Gken, 2004). US economists
advocated the significance of nanotechnology; afingty, Clinton administration
promoted nanotechnology as a priority and nanotelclgy became one of the most

supported programs in the US. As a result, big aie$e centers and university-
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company-community collaborations were establishEdBITAK, 2004a). In 2000,
Nanotechnology Initiative (NNI) was founded to prate nanotechnology as a national
priority. About 100 research centers for nanotetbmo were built in almost all large
technology universities. Additionally, numerous t&porations such as IBM, Hewlett-
Packard, and Motorola, established their own reseaenters, some of which have
collaborations with universities (Luther, 2004).

In the US, nanoscience and nanotechnology resdardtets reserved for public
agencies (e.g., NSF, DoD, DoE, NIH, NASA, NIST, QDd2oT, DoJ) were only $270
million in 2000, $467 million in 2001, $604 milkoin 2002, $710 million in 2003, and
more than $3 billion in 2004 (TUBITAK, 2004a). ToddaJS comes second, after Japan,
in terms of publicly funded research. Of the funitig, largest share goes to the National
Science Foundation (NSF) and seven ministries, saghMinistry of Defense and
Ministry of Energy, with nanotechnology budgetgtwgir own (Luther, 2004).

3.2 JAPAN

Japan has the first position in the wanlderms of the public funds allocated for
nanotechnology. Japan also has the leading positionotechnology development in
Asia. It has set up various theoretical and appliadotechnology research programs.
The Nanotechnology Research Institute (NRI) of thational Institute Advanced
Industrial Science and Technology (AIST), Instittde Physical and Chemical Research
(RIKEN), and Joint Research Center for Atom Tecbhggl(JRCAT) are among the most
important institutions that conduct research on otechnology. Moreover, some
business consortiums carry on nanotechnology relseguarticularly in the field of

nanoelectronics (Luther, 2004).

3.3 EUROPE

In the 5th framework program of the European Un&51) million were designated
to nanotechnology research projects under varisagrgmmes (e.g., IST, GROWTH
and QoL). Concerned with the nanotechnology devetogs in Japan and the US, the

European Union declared nanoscience and nanotegnas a priority in the 6th
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Framework Program and allocated 1.3 billion Eutosupport research in this field. Still
this amount was only a small portion of the Eurepeaion countries’ national budgets
(TUBITAK, 2004a). Lots of European countries, suat Germany, France, United
Kingdom, the Netherlands, Spain, Sweden, and Siaize, have set up private research

programmes in nanotechnology (Luther, 2004).

3.4 UNITED KINGDOM

National Initiative on Nanotechnology (NION) wadaddished by the Department
of Trade and Industry (DTIn as early ad4986. The aim of the NION was to raise an
early awareness of nanotechnology. A Nanotechno&iggtegy Committee (NSC) was
set up to inform the government about nanotechiyol@gganization of three technology
transfer centers was among the achievements oNtdN (Luther, 2004). England
granted 45 million sterling from 2003 to 2009 foanomtechnology research and
development studies (Nanobulletin08, 2009).

3.5 SOUTH KOREA

Korea strives for becoming one of the top ten coestin the field of
nanotechnology in the world. The Ministry of Scierand Technology (MOST) supports
this target with its 2001-2010 national nanotecbhggl program. MOST, some other
government agencies, and the private sector togatloeated ten-year budget of $1.1B
for work in nanotechnology. Among significant goatse to improve Korea’'s
nanotechnology infrastructure and build a Natiddahofabrication Center at the Korea
Advanced Institute of Science and Technology. Asmnsung and LG Electronics have
announced important nanotechnology programs, anmteraus little firms are focusing

on nanotechnology (Luther, 2004).

3.6 CHINA

In 2001 the five-year Chinese NNI started. Aftee 1.S. and Japan, and before
Germany, China had the third largest number of ipatdbns in nanotechnology for the

ten year from 1991 to 2001. In China 956 nanoteldgyo patents were exported
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between 1985 and 2001. About 9% of the world’sltoenomaterials patents, 3% of
nanobiotechnology patents, and 1% of nano eledsgratents were taken by China.

China’s government is investing 250 million Yuapgeoximately US$30M) for a
National Nano Science Center in Zhongguancun, ®BgijiThe center will promote a
technological field for nanotechnology efforts b&tnation and will be supported by the
Chinese Academy of Sciences (CAS), Tsinghua Uniyerand Peking University.
China maintains an attractive market for foreignegmrise, and China will potentially
become a leader as the nanotechnology productsjymanomaterials, supplier in the
future (Luther, 2004).

3.7 OTHERS

In addition to the countries mentioned above manyntries possess their national
nanotechnology plan and funding programs. For nt&ain Switzerland there are strong
nanotechnology activities like, “TOP Nano 21" (268003), a nanotechnology
investigation initiative targeting the effectiveamisfer of technological innovation into
marketable products and promoting mutual projedtsumiversities and industrial
partners. Nanotechnology has potential as a sicateghnology for novelty and
economic welfare in the 21 century, and governmentthe world have noticed this.
Nanotechnology is developing in an environment whiternational interactions in

science, education, and industrial R&D accelerat¢her, 2004).

3.8 DEVELOPMENT OF NANOTECHNOLOGY IN TURKEY

Since 1989 Bilkent University Physics Departmerd baen doing intense research
in electron transport in low sized quantum strugsurscanning tunneling microscope
(STM), and atomic force microscope (AFM), edge-acef interactions, nanotribology,
nanotube and atom chains. Additionally, Turkey ¢au@a-As technology which uses
properties of two dimensions electron systems ome tiand established Advanced
Researches Laboratory supported by the RepublicTatkey Defense Industry
Undersecretariat. Currently in this laboratory askmade very important optoelectronic
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and electronic tools and has developed new techmesdowvith AFM and STM based
microscopes (Web Page, 7).

“NanoManyetik Scientific Engines” was established 1999 as the first
nanotechnology company in Turkey, specializingnodoicing low and high temperature
scanning probe microscopes that can work underda vange of heat like 30mK-300K.
NANOVAK, which conducts nanotechnology R&D activitwas established in Ankara.
NANOVAK produces “nanovacuum systems” that atomizhe matter for
nanotechnological products and exports these sgstenvarious parts of the world
(Nanobulletin09, 2010). At the end of 2005 StatanRing Organization granted 11
millions TL for the establishment of National Naechnology Research Center (UNAM)
(Web Page, 7). Total amount of this center is 3lliani TL and UNAM will sustain its
R&D studies in 4000 meter square field laborato(danobulletin08, 2009). By giving
substantial importance on training and educatiomdi&chnology Research Center at
Bilkent University is aimed to exploration on expeental and theoretical
nanotechnology and nanoscience. The center istéardeeoretical study like the core
problems of nanoscience and practice of nanoteogggaih nanotubes form, quantum
dots, nanowires, anti-friction surfaces and magnetoblecules at the same time as

interest fields (Dumanli and Yurum, 2005).

In Turkey, some nanotechnological prodasts produced and marketed by some
companies. NNT Company is developing products Wwhiontain boron by using
nanotechnology. The company is producing MCDP bargstallites and injects them to
the motor oil. Their products extend oil life in tacs in proportion of %100 and reduce
carbon emission in proportion to %15 and providel avings selling in Turkey and
England. A dye company generated another signifioeand, "DYO-Nano”. Household
furniture company fstikbal” and its subsidiary company “Boyteks Textilhas
improved a nanotechnological fabric named “Biocaastl it prevents ionized radiation
spread form such as microwave owen, television, ilmgihones electronic tools in
proportion to %98,5 (Nanobulletin08, 2009). “AréeCompany” which is a white good
and electronics company, has produced two proddctt; one is for the hygienic
refrigerator and oduor filtering, and the secon@ @ to complete sheltering triangle
super hygienic refrigerator. Yesim Textile Companproducing stain resistant, quickly
drying and ironing nanofabrics (Dumanli and Yuri#@05). Damat Tween produced dirt
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and waterproof “magic” white shirts, and Elvin Tiéxt developed smart
nanotechnological curtains (Nanobulletin08, 2009).

Turkey’'s nanoscience and nanotechnology plansutoré have been predicted and
made decisions via the Scientific and TechnologiRalsearch Council of Turkey
(TUBITAK) which notifies the targets and objectivaél the year 2023 (Dumanli and
Yurum, 2005). According to Tubitak Vision 2023 Refp nanotechnology is the third of
the eight strategic technologies (TUBITAK, 2004b)n Nanoscience and
Nanotechnology Strategies Vision 2023 Report TUBKTAdetermined the
nanotechnology subjects of first priority as folkw

-Nanophotonics-Nanoelectronics-Nanomagnetism
-Nanomaterials

- Fuel Cells and Energy

- Nanocharacterization

-Nanofabrication

- Nanosized quantum information processing

-Nanobiotechnology

In the vision 2023 report TUBITAK suggested theldwuling science and
technology politics for nanotechnology development;

1) Immediately, interdisciplinary master and doat@rograms should be opened
in universities and students which study these narmmg should be funded by
government. Government should provide needed stugpompost doctoral researches

too. Thus, lack of qualified members should be Sadp

2) Universities’ small, medium and big sized indies research infrastructure
should be built up and developed, and became conwitbriegal arrangements.

3) There should be increasement count of reseaeritexs and they should
become more common. The surveys which are conduetgdided by industry should
be promoted and supported.

4) Developing and extending of technoparks are@aibeimportant for advancing
nanotechnologies (TUBITAK, 2004a).
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Into the next 10-15 years amazing outputs and navkets have been emerged by
nanotechnology. It is clearly seen that there hbsen hundreds of nanotechnology
research centers and departments in universittebleshied in Europe, USA and Japan.
And in there expert staffs are producing informatend technology for national and
commercial benefits in a big race. The gap betwdeneloped and undeveloped
countries will be increased as intolerable and agptially with nanotechnology. In this
sense, nanotechnology is becoming the last chanceedonomic and scientific
development and prosperity in Turkey which couldt reatched industrial and
microelectronics-informatics revolution on time. iddag this chance will be merely
possible; if the expert stuff is powered in natios&e, and if the educating and
promoting technological knowledge will be transéetrfrom generation to generation

(TUBITAK, 2004a).



CHAPTER 4

NANOTECHNOLOGY EDUCATION

4.1 NANOTECHNOLOGY EDUCATION IN TURKEY

Many universities like Bilkent, Bogazici, METU, Hettepe, Marmara, Gazi,
Anadolu University, Gebze High Technology Institltave nanotechnology master
programmes in Turkey. And lots of universities averking to remove laboratory,
supplement and lecturer deficiency for practicingnotechnological research and
education (Nanobulletin08, 2009). In addition tostea education, Doga College has
opened Yakacik Doga College Nanotechnology Laboyatmintroduce their students to
nanotechnology, which is the technology of futurel aleveloping biomaterials. This
laboratory is the first laboratory which is estabid within a high school. And Doga
College is conducting EU projects for integratingnatechnology in curricula (Web
Page, 17).

In Turkey, majority of nanotechnology exploratiomsve been theoretical studies
of individuals. On the other hand, the nanotechgwlsurveys are beginning to rebuild
and gain different aspects with 6th Framework ofrdpean Union. Turkey has
participated to the 6th Frame Programme of Europgaion and the programme
proposals relevant to nanoscience and nanotechnblage already being advocated by
the Programme. The first nanotechnology conferem@s organized by Bilkent
University in Ankara in 2005. Under this frame Nai@l Nanotechnology Research
Center (UNAM) was built by the supplement of TulkiState Planning Organization and
Bilkent University (Dumanli and Yurum, 2005).

Besides National Nanotechnology Reseaénter in Bilkent University

(UNAM), some universities are also establishingirttmevn nanotechnology research

34
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centers: For example, in Istanbul Technical Unitgrwith the partnership of Turkish
State Planning and Organization and Physical Eeging Department, Nanoscience and
Nanotechnology Advanced Research Institution wile Winished in 3 vyears
(Nanobulten08, 2009).

Nanotechnology studies are not a new field for dlte state universities such as
Middle East Technical University (METU) and HacetteUniversity in Ankara and
Bosporus University in Istanbul. METU has a Centraboratory and R&D Center in
which the nanotechnology study is focused on smaaterials, biomaterials, and
Nanocomposites primarily. Hacettepe University Hsen promoting the area of
nanocomposites, nanopolymers and nanobiomateritisite’ Departments of Chemistry
and Chemical Engineering by active survey groupyéars. Nanotechnology and Smart
Materials Advanced Technologies Research and Dpredat Center of Bosporus
University are promoting in nanotechnology and rsarence area internationally. Koc
University has Micro-Nano Technologies Researcht€@snSabanci University is one of
the leader universities in the field of nanoteclbigygl Nanotechnology researches are
conducted researches setting collaboration betwdiferent departments such as
departments of chemistry, materials science andneegng, bioengineering, and
microelectronic engineering there (Dumanli and Yoy2005). Fatih Univesity has Bio-
Nano Technology R&D Center and the center has A@rédories (Web Page, 9). There
are also greatly productive high technology ingt$uin the nanotechnology research
field such as Gebze Institute of Technology, I1zmstitute of Technology, and MAM —

Marmara Research Center (Dumanli and Yurum, 2005).

Studies which conducted in Turkey have just becomeersity level but giving
importance on these subjects in elementary and $ggbol levels such as aboard is an
urgent necessity. Turkish children and young peopteo will build the future of our
country, should know the basic information and aesle subjects of nanotechnology.
And they should enhance a positive attitude alipagturally it will accelerate studies of
universities and nanotechnology producing of indust our country. A qualified
nanotechnology education, which would be givenlementary and high school level,
will surely effect the development of students’ daaic self and future choice of their
profession. There should be nanotechnology educatiepartments established in

vocational educational institutions, particularly.universities and industries provide
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enough education to workforce of society about tectoology, they will sustain their
nanotechnology development. If it is too late tovyade this education, there will be an
unaware generation about technology of the futGuwch as Nanoaccess, Nanoquest,
Nanoed etc. web sites about nanotechnology canideradistance learning and like
Nanotruck trucks and Nanoworld game parks are tsiringg to raise the societal
awareness (Nanobulletin08, 2009).

4.2 STATUS OF NANOTECHNOLOGY EDUCATION ALL AROUND T HE
WORLD

Describing qualification involvements in the begimm level and supporting the
improvement of the require skills to take advantaighe commercial promising of
nanotechnology has been described as a signifisabfect in a lot of countries.
Nevertheless, considering nanotechnology thereaawery few studies can occur to
integrate university curricula. Although wide innge count of research universities
provide courses in the area; currently, few unitiess provide degrees in
nanotechnology (Luther, 2004). At present, sevaraversities in the USA, Europe,
Australia and Japan present elective graduate gmogrin partnership with research
centers in nanoscience and nanotechnology (Ozelamti 2008). Various universities
provide undergraduate practice in interdisciplinaepnter also. Additionally, there are
studies for nanotechnology programmes and degneethér countries as like Germany,
Denmark or Switzerland (Luther, 2004).

In the US establishing research centers, fedemhlstate governments, academic
institutions, industry and for profit and nonprofd@rganizations have promoted
collaborations. A number of research centers premotelated graduate program in the
patron university also. Besides the organizatickes NSF, DoD, NIH, DARPA, etc. in
the areas of nanotechnology and nanoscience acadasmber remote and conduct

survey programs foundation (Ozel and Ozel, 2008).

As Kristen Kulinowski stated, who works in Rice Maisity as professor and
interested with Nanoscience and Nanotechnology &dut, US has many research
centers and these centers investigate to inted¥arescience and Nanotechnology
subjects in K-12 (Kindergarten through 12th gradericula. For instance, the Center
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for Biological and Environmental Nanotechnology EMB and NSF Nanoscale Science
and Engineering Center in Rice University, studyhwiurrent curriculum and indicate
teachers how nanotechnology can be used in theirireel curriculum to demonstrate
concepts. The new Nanoscale Centers for LearningTaaching are communicating
education researchers, teachers, and nanotechnotsgwarchers to respond essential
questions on the most influential road to make acnbetween nanotechnology and
students in grades 7 through 16. These centergyeniérate education professionals for
the new generation to specialize in nanotechnoleducation that will help as a
possibility for everyone making educational outreacthese fields (Kulinowski, 2006).
NSF declared a new program, Nanoscale Science agohéering Education in 2003
which involving four parts high school, informalwegtion, undergraduate education and
education and learning centers. And nearly 7,000estts and teachers have been trained
by NSF in FY 2003 on the supply side (Roco, 2003).

In numerous European countries, contemporary legraind teaching tools on
nanotechnology are presently tested in the NANOY@tdject and financed by
European Commission. In the international literatihere are plenty of approaches and
schedules for NST (Nanoscience and Technology)attiucon science and engineering
teaching. Moreover, combining these subjects infthmal education system, all over
the world NST education requirements have generatgderous informal outreach
projects also. These kinds of enterprises contdircaional web-based tools that are
managed by the public, as well as science centatsnauseum exhibitions (Laherto,
2010).

4.3 IMPORTANCE OF NANOTECHNOLOGY EDUCATION

Currently nanotechnology is globally thought as® 2tentury technology
(Meyyappan, 2004) and during the former decade, dahea of Nanoscience and
Technology has become related to significant sakietconomic and ethical topics
progressively. As a result of this progressionhas been often suggested that NST
education should be supplied at various level. &hegjuests have been built from a
diversity of perspectives by a variety of supp@i@ontaining governments and public
administrations, industry and trade, civil orgatimas, social scientists, nanoscientists,

engineers and educators of science and technaladpe(to, 2010).
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Nanoscience education field is barely incoming scibmatter (Sullivan et al.,
2008). Besides, it is needed to support interdis@py links for reflecting harmony in
nature. It is predicted that nearly 2 million nasattnology employees will be demanded
all around the world by 2015 (Roco, 2003). Thesenlers will be promoted with
addition to 5 million employees (Healy, 2009).

In numerous situations, the demand of NST educdtias been definited with
related toscientific and/or technological literacgoncepts that have maintained notably
efficient in curriculum development projects alband the world. The main idea in these
assertions is that whole citizens will soon recgiigekind of “nano-literacy” to navigate
some of the significant science related to subj&gth their daily lives and society.
According to some, these requirements have also besponded not just introducing
education of NST at the academic plane, but alsant be succeeded by establishing
numerous projects targeted at integrate NST topittsn the primary and/or secondary

school curriculum (Laherto, 2010).

Reports which considering nanoscale research, Igfteemphasized the
essentialness of interdisciplinarity (Laherto, 2018nd because of nanotechnology is
very interdisciplinary, an interdisciplinary cumicm, which encompasses a wide
understanding of main sciences combined with in&diom and engineering sciences
appropriately, is fundamental for nanotechnologycadion (Ozel and Ozel, 2008). NST
has been connected with the reductionalism idetheiatural sciences, in a word the
scientific interest targets not just connecting hwijuantum mechanics, solid state
physics, inorganic chemistry and molecular biologye by one, however it is aiming to

combine them together equally or at least partialghe nanoscale (Laherto, 2010).

To create both of learning-centered and knowledgdered environments
nanotechnology should be considered in and outhef dlassroom. Activities that
promote creative and critical thinking and life-¢plearning should be prior because the
technology is progressing very fast. In nanoteabgwleducation interactive learning
must be the hallmark. Using the internet, studeats attend in laboratory surveys and
nanotechnology research development projects @linal the world. Additionally, to get
hands-on practice, students should be designeddtesions for studying directly with
all of launched nanotechnology research centensefocating and training students in

Nanotechnology area, university faculty memberstnocosperate with industry: It is
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very demandable that a group of academic membeishwépecialize in proper
disciplines to teach nanotechnology courses. Aaltkily, government, university and

industry bodies should grow a cooperatation ambegselves (Ozel and Ozel, 2008).

The area will demand the important scientific pesges in the direction of
integrative concepts of the wide diversity of lasred stables which used in analysis of
nanosize recently. A wide plan is required to trsehool children and technicians, fund
students and postdoctoral fellows which will tenspime qualified students available.
When planning these kinds of practices, schoolaiibs and school boards must be
include at every stage from the beginning. To ca@ifunding, long-time planning and
convenient dialog with the people and administeati@nd lawmaker government

departments are essential for systematic alteméf®oco, 2003).

Whoever speaks about subjects of nanotechnolodymididle school students can
tell you that nanotechnology subjects attract thdrhis attraction should be take
advantage of cause further attention in scientiésearches (Kulinowski, 2006).
Extending nanoscience concepts in elementary sshegdlanning by NSF in the near
future. A team which consisted from academic instins has started to procure local
and long-distance outreach programmes involvingeargents in laboratory by internet
and television in the area of nanoscale sciencetacithology. Academic institutions
without powerful basis and public at large, outreactivities are addressed K+12 (Roco,
2003).

Considering comprising nanoscience and nanotecgygoioto K-12 education,
there are multiple subjects. Teachers stated thacuola which currently they are
teaching is very crowded and can not attach mattdiish not piece of their needed
content standards on the negative siBlIN researches of teachers joint a current
(National Science Teachers Association) NSTA anmaakting and these meeting
showed that teachers have few or no informatiomandigg nanotechnology and do not
understand how nanotechnology could be integratetheir science lessons. These
teachers stated that if they attached nanoscaaxiand engineering in the lessons they
required professional improvement assistance imogesf professional workshops and
online support. They also reported that attachingsé lessons in their classroom
instructions, these lessons should be integratéu imvolved science learning standards
(Healy, 2009).
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The most widespread apprehension is that the agpragp deficiency of
researchers, engineers and other professionals, experted in nanoscale subjects
(Laherto, 2010). Linking and synchronizing elemeynta middle/high school,
undergraduate, graduate and ongoing education ahemn difficulty. And, this is
essential that connection, generalization of affitime conclusions and adaptation into
the conventional curriculum. And nanoscale engingesind science regimentation in K-

12 and university education is required (Roco, 2003

The effect of nanoscience until now has arrivetht students of higher sciences
and engineering related to the subject, whichdefaciency. These progresses should be
given to all of the students to teach them morees€hstudents will be appealed to
support upcoming scientific effort or to make aw#rat what kind of risks might be
found in the upcoming technology as citizens. Wa paovide exhilarate to more
students to choose science and engineering candegrecourage these gateway courses
by submitting these inspiring concepts at the plainentrance science courses (Sullivan
et al., 2008).

MichaelRoco (2003), senior advisor for nanoscale sciendesagineering at NSF,
described the specific requirements for nanoteauyoltraining and education as

follows:

« Stimulate a system approach for teaching nanosc&ace and engineering at all
levels.

» To emphasize interdisciplinarity; participate oé ttame main concepts from one
area to another. And generating the media in dited disciplines from biology,
electronics and materials to engineering systemptatian, for nanoscale R&D
progression.

» Containing titles on system architecture and mastufang developments at the
nanoscale, underline a combined scientific treatrmesimulation and theory.

* Providing promoted interest to technical and ong@&ducation.

* For reaching the requested social applicationsyeactutreach from universities
and other research centers is indispensable. Ashnasc to industry innovation,
international aspects and general public, the aalrés forwarded to K+12, ongoing and
undergraduate education.
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* Connection and dissemination of the affirmative alosions, their
synchronization into the conventional curriculundanstitutionalization of nanoscale
science and engineering in education of K+12 andeusity are some of the challenges.
Because of its system, unifying and interdiscipynenethod of research, engineering
must have very important role in this road.

NST openly represents whole key charetierof “postmodern science” and a
new world of information is be covered, will be ddey nanotechnology (Laherto, 2010
and Roco, 2003).
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BIOTECHNOLOGY EDUCATION

Biotechnology is a wide term for a grouptechnologies which based on living
systems and/or biological processes applicationsdtving problems (Garrett, 2009).
Particularly, discovery of recombinant DNA techrmdoy the end of 20 century and the
first decade of the 21 century, there was very ifgm development of biological
sciences (Darcin, 2011). Biotechnology has gre#é¢m@l for effecting human life as
one of the rapidly improving field of current sdific and technological disciplines
(Altiparmak, 2010).

Biotechnology is a strong, enabling tedbgy at present, with applications which
have the potential to make fundamental change®tsnof industrial sectors, as well as
for changing our essential understanding of whahetans to be a human being. It is
fastly building itself, becoming a cornerstone abdarn science, and one of the major
scientific fields of public concern presently. Biohnology produces health and
environmental advantages and is arranged to peréorrimcreasingly important effects
on the economies of nations and on their citizdéimes all around the world, while its
development and growing continue with a high-spé@drrett, 2009). The National
Research Council Canada (2005) states:

It is believed that the transformative nature até&thnology eventually will impact
most sectors of the global economy. Biotechnologies often regarded as the most
significant S&T (science and technology) of the reat century, with impacts
exceeding those of information and communicati@thnologies (National Research
Council Canada, 2005).

42
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Over the last decade the fast developmentbiotechnology have came into
prominence with medical innovations and other felly novelties like genetically
modified products in food industry. Biotechnologgvelops several subjects regarding
ethics, tolerable risk limits and practicability ¢fie new products. In parallel to
biotechnological innovations, students need to haeee knowledge about economic,
social and ethical applications like genetic engrimey, genetically modified food,
cloning and other aspects of biotechnology (Usak Brdogan, 2009). Biotechnology
needs less physical infrastructure of heavy intkswof the past, but surely detected that
from laboratory workbench to the capital suppliettse capabilities of scientifically
trained people, who understand science and bushwbs at all grades. It is building
important domain of knowledge in modern science hitdogy education reform at

school level is answering demand of qualified staffacity (Schuster, 2008).

The future headmen of the “BioCentury” gldo be trained warranting their
advancement of the various fields of science arwhn@ogy which will produce
innovations. Significance of Mathematics, Phys€eemistry, Biochemistry, Molecular
Biology, and Genetics is irrefutable. However, thawe suggested to provide their
colleagues, which our graduates can study effdgtiveteams, solve actual problems,
read and write about complicated scientific andaagubjects and become influential
and reformer leaders and have efficient criticahkimg abilities and skills to combine
massive amount of information. Biotechnology hgsadicular relationship with public
opinion related the social effects of science authhology, as the “applied” part of the
Life Sciences. Our students reach real world oidalas, from well-considered and data-
based, to the completely false and produced. Cuilrestances of scientific debate;
stemcell studies and genetically modified productsth the social organizations
agendas, which are not obligated and limited bgradic data or logical discourse. The
debate includes little critical assessment, intélial probity or regardful dialoge
(Schuster, 2008).

Sure as death improving scientific litgracf young people was important
components of science education (Usak and Erdog@09). Recently, aspects of
biotechnology and some related learning experieaceseing integrated and are built
into science curriculum around the world (Garr2@09). Scientific literacy defined by
Organization for Economic Co-operation and Develeptm (OECD) as follows:
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Scientific knowledge and development can be used rfot just understanding
environment and nature but for contribution to dosions that affect them (OECD,
2006). And in parallel of these, as a member of rmomty, for the making of better
individuals and social choices, people should lherimed about science and technology
(Darcin, 2011).

We prepared lesson plans aiming the tmginand raising awareness about
biotechnology of 5th grade elementary school stigfsee appendix B). They can be

implemented, and their effects can be evaluatadikgsnanotechnology lesson plans.
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LITERATURE SURVE

There are few researches in educatioranbtechnology and biotechnology in K-
12 education. Researches about nanotechnology temlucare comparatively much
academic education especially nanotechnology eiduncat engineering and majority of

biotechnology education researches are in highatdéeel.

Ak (2009) prepared a master thesis “Im@etation of Nanotechnology Education
in the High School” aiming to comprehend studentsanoscale and considering these
building science-technology and society connecftidrey used library-searching method
for indicating how nanotechnology was adapted ghhschool curriculum. And they
presented twenty-one activities in work sheet féomhigh school students. As a result
of literature library researches they suggestediagieg nanotechnology to high school

education level from university.

Ekli (2010) carried out a master thesis iftvestigating 6th, 7th and 8th grade
students’ basic knowledge and opinions about nahatdogy and attitudes towards
technology in relation to some variables. They wedrkvith 23 public school locations in
Mugla, Turkey total 1396 students, 708 girls an& 68ys. They used attitude scale and
questionnaire to collect data. They found majoofystudents have positive attitude
against technology and nanotechnology and they &adittle information about

nanotechnology and they mostly gained these infoomsvia television.

Batt and friends (2004) investigated dfeof It's a Nano Worlda hands-on
museum and hands-on traveling exhibition which areg for K-3 students and prepared
a summative evaluation report. The main goal of eRbibition was for children 5

through 8 learning about the world that is very kitmasee with bear eyes. They used a
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pre-post study to investigate what content childgamed and exit interviews to find
children’s understanding of concepts introduced vesll as any misconceptions
associated to the learning goals. Evaluators cdeduz two-part summative evaluation
at the Science center, a hands-on science museuithana, New York, and at

Innoventions Epcot®, in Lake Buena Vista, Floridaey found that the visitors stated
It's a Nano Worldwas a fun, inviting, and engaging hands-on exlubitiPre-test and

post-test findings showed increased understandindcey science vocabulary. For

example, “cells” and “nano”.

Blonder and Dinur (2012), prepared a pagféring a nanotechnology program
which was prepared for high school students witlilestit centered pedagogy. They used
student interview and semantic differential questamire and evaluated students
motivation and perceptions. They worked with thisty girls aged 15 in two 10th grade
classes. They had found students were gratefulittbeof LED (Light-emitting Diode)
and explored that it enhanced their motivatioretrth more about LED, nanotechnology
and chemistry. And the study indicates that athigg school level teaching advance

scientific subjects such as nanotechnology is natramportant task.

Yurick (2011) prepared a Ph.D. thesis maftdfects of Problem Based Learning
with  Web-Anchored Instruction in Nanotechnology dhe Science Conceptual
Understanding, the Attitude Towards Science, anel Férception on Science in Society
of Elementary Students”. They explored the effeft®roblem-Based Learning (PBL)
with web-anchored instruction in nanotechnology madatary students’ science
conceptual understanding, the attitude towardsneeieand the sense of science in
society. They used a mixed approach method. Ndadyand a half weeks subjects
(N=46) participated. Subjects participated withnfrahe southeast part of the United
States 5th grade elementary school students. Rpaisttest and interview was used for
evaluation. A web-anchor in nanotechnology was ugetthe study as intervention. A
pre-test was managed science conceptual undenstpadd for attitude towards science
after the intervention. Then a Nano Post-Intervieade with purposefully selected 6
interviewees. Pre-test, post-test data were andiyath a paired t test. The results of t
tests indicated that for science conceptual unaledstg and attitude towards science
were significant. Two independent rater coded araldyaed interview data and emerging
themes. “Risk and Benefits” and “Solves Problent&ntes emerged from interviewee



a7

students’ responses to perception in sciencesdietyoquestions. “Risks and Benefits”
theme suggests subjects have a positive percepidmanotechnology comes with risk
and benefits to society. And “Solves Problems” thsrsuggests subjects have a positive
perception that nanotechnology is managed by soaietuirements and can be using
for solving society’ problems. They reached thesemuence, PBL with web-anchored
instruction in nanotechnology had a positive effattscience conceptual understanding
of subjects, attitude towards science and socistyénce perception. Additionally,
learning of nanotechnology can be succeed in el@anenschool students and
nanotechnology can be integrated in science cuuntstudies at the elementary school

level.

Altiparmak and Yazici (2010) investigat8th grade elementary school students’
biotechnological concepts and processes of learrmng using recently designed
materials and activities and published an artiPlee-test and post-test, attitudes scale,
achievement tests and word association tests weee. ur'he sample of the study
consisted 30 students. 12 of them were in controug and 18 of them were in
experimental group. Experimental group practicedennal design with team activities
and control group practiced traditional instrucéibalesign. There was no significant
difference between pre-test of control and expemiadegroups achievement test results,
but there was significant difference between pest-tesults. Regarding attitudes test
there was no substantial difference between pteates post-test results of groups. And
in mind map control group made more connection betwconcepts. Findings indicate
that these kind of designed hands on activitiesigeogreat positive affects of students’
learning, academic achievement and persistencynofvledge. And attitudes against

biotechnology affected in a positive way also.

Usak and friends (2009) investigated Tshikhigh school and university students’
attitudes toward biotechnology and prepared arclartiHigh School and University
Students’ Knowledge and Attitudes Regarding Biotedhgy”. The sample of the study
consisted 352 high school and 276 university sttsdeBiotechnology Knowledge
Questionnaires (BKQ), which has 16 items, and Bimelogy Attitude Questionnaires
which has 37 items and five likert were data cdigec tools. More than half of all
participants answered correctly half of the knowkedjuestions. They found that, there
was no statistically remarkable difference betwaaiversity and high school students
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biotechnology knowledge but with respect to almaltitems, high school students
appeared to have more information than universuglents. They had similar knowledge
about meaning of biotechnology processes. Uniwersitdents had more positive
attitude toward biotechnology. Students’ most pesiattitudes were towards genetically
modified plants, and their most negative attitudese towards genetic manipulations on
genetic modification productions, shopping gendiicenodified products, animals at
risk of ecological consequences of cultivating GNanps, and civil awareness of

genetically engineered foods.

Garrett (2009) prepared a master thesiseda‘Professional Development for the
Integration of Biotechnology EducationThis retrospective study focused on a group of
educators teacher and laboratory technicians frbreet separate schools and their
development into modern biotechnology educatoroudpin their participation in
professional development events over a five yeaiogpeg2003-2007). These schools
selected about participating the study on the bihsistheir staff had joint at least one
biotechnology professional workshop through 2008720The staff had attempted
learning experiences implementation and they aeduifrom the professional
development. Three different school from threeedédht area participated to study. A
large inner city secondary school (A) located he tapital city of the state, a large
secondary school (B) located in the second largiggtof the state, one large regional
city secondary school (C). They used one-on-orervidgw, documents and focus group
discussions to collected data. For the interview &wcus group phases, individual
participants purposefully selected from these skshddese educators had experienced a
range of professional development initiatives antedgrated biotechnology in their

science curriculums.

They founded the educators approved iategr of contemporary biotechnology
into science curriculum there was a supportiveastiucture for these, but most of
educators identified that although having joineatéchnology professional development
workshop back, particularly in the content knowled@boratory skill acquisition, proper
pedagogy knowledge and curriculum management figheyy need to have more
acquisition to more complete including of this @mnporary science. Additionally the

educators thought that educated, skilled and darksfiooratory technicians were
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important to biotechnology education at schoolseylisuggested that there was a
requirement developing a biotechnology professideakelopment model.



CHAPTER 7

METHODOLOGY

7.1 INTRODUCTION

In academic and professional fields, qaflie research has been increasingly used
(Holliday, 2002). Qualitative research allows fan depth study of educational
phenomena and teacher and students’ experience=byhproviding rich answers to
research questions. Interviews and observationsamenonly used as empirical tools in
qualitative research. The researcher can reachyréalds can not reached in different

circumstances like subjective practice and manfpeople (Denzin and Lincoln, 2005).

In the current study, we conducted quilgaresearch to evaluate the effects of the
nanotechnology lessons. In this qualitative studigveloped instructional materials for
teaching nanotechnology and biotechnology to eléangn school students. |
implemented nanotechnology lesson plans and mistenaa fifth-grade classroom. |
have been working as an elementary school teaohaefen years, and | conducted the
present study during my graduate studies in bialdgy examine the effectiveness of
nanotechnology instruction and progress of theesttedin understanding of nanoscale
science and nanotechnology at the elementary sdkewel, | collected data through
semi-structured interviews and observations. Irs tbhhapter, | will describe the
development of the instructional materials, thesdesplans and their implementations,

participants, data collection procedures, and daédysis methods.

7.2 DEVELOPMENT OF INSTRUCTIONAL MATERIALS

In the development of the lesson plans, | greagiyetited from two websites that

include instructional materials for teaching naobtelogy to K-12 students:

50
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www.nanooze.org and www.nanosense.org. Both of taemsupported by US National
Science Foundation. In parallel of the lesson planmepared power point slides that
contain various pictures from internet. Lessomglavere adapted to fifth grade by
removing or simplifying some subjects. For examples removed the subject about
types of microscopes and simplified the subjectsuaithe definition and properties of

nanotechnology.

7.3 CURRICULUM (LESSON PLANS) DEVELOPMENT PHASES
PHASE 1:PLANING
Identify Issue/Problem/Need

Nanotechnology is a technology in prograsd is spreading like wildfire. It is
being used in fabrics, glasses, cars, electromdsnaarly every field of daily life. And
biotechnology is one of the very important fieltattis rapidly developing and currently
discussed by the public. In parallel of these peeges, nearly all of the students hear and
see nanotechnological and biotechnological prodactiseir daily lives. However, there
are no subjects about nanotechnology in the elanergchools and biotechnology
subjects are starting from 8th grade in Turkeyenity (Web Page, 18). We considered
that today’s elementary school students will becofmire’s nanotechnology and
biotechnology customers and workers so they needate accurate knowledge and

raised awareness about these subjects.

Curriculum Development Team

Nanotechnology and biotechnology are very new amdtiadisciplinary subjects.
They are mostly related to sicence, technology, mathematics. The role of the team
members was to develop appropriate course conberfifth-grade students. The team
consisted of two members: I, Umran Atabas a prinsahool teacher and working for 7
years and a graduate student in the Biology Depmartrmnd Assistant Professor Z. Ebrar
Yetkiner Ozel.
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PHASE 2: CONTENT AND METHODS

We thought that students needed to learn what eehoblogy and bitechnology
were, scientists’ areas of investigation in theséd$, the kinds of products invented
using nano- and bio-technology, and what thesentdobies would bring to our daily
lives. We expected students recognize producthemmarket and in progress produced

using nanotechnological and biotecnological apgresac

Before organizing the content, we determined indendutcomes and titles of

lessons.

Intended Outcomes
NANOTECHNOLOGY LESSONS

LESSON 1: What is Nanometer?

To realize nanometer is so small that it can natd®n by bear eyes

To guess which objects are in nanoscale
LESSON 2: Nanotechnology from Nature

To realize nanotechnology samples from nature
To give examples for nanotechnological samples fnatare

To give examples of products made by inspiratiomfinature
LESSON 3: Water Permeable-Repellent Nanotechnoology

To realize there are hydrophobic and hydrophilidenoales in nature
To give examples for water permeable and waterllmpenanotechnological

products
LESSON 4: What is Nanotechnology?

To be aware of nanotechology as a science thas da#d very small objects that
can not be seen by bear eyes
To develop sensitivity for nanotechnology concepts
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LESSON 5: Nanotechnology in Our Daily Lives

To give examples for nanotechnological productshenmarket and in progress

To realize nanotechnology can be harmfue do not use it consciously
BIOTECHNOLOGY LESSONS
LESSON 1: Let's Make Yoghourt

To develop ideas about the methods scientistsousetuce the desired products

To give examples of application in the field of teichnology.
LESSON 2:A General Overview Of Biotechnology

To exemplify biotechnological applications
To realize biotechnological applications in ourlgéives to raise the quality of our

lives.
LESSON 3:What is GMO?

To give examples of biotechnological applicationd ¢eir utilities.

To explain benefits and harms of GMOs through eXxamp

LESSON 4:Ethical Issues About Biotechnology

To develop ideas about how ethical biotechnologapgllications on humans are

Content Selection

We chose the contents considering 5th grade stsidemgnitive levels. Our goal

was to raise their awareness and curiosity abauiteahnology and biotechnology.

There are no subjects about nanotechnology anédbinblogy in the fifth grade
cirruculum in Turkey or many other countries. ltat®n to nanotechnology; we think it
was proper to have an idea about nanometer. Stiddrdady know the units of
measurement so they could easily learn a new measmt. They had to know

nanometer was so small that it can not be seenday byes. Thus they could be
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introduced nanotechnology subjects, then it wapgrto learn animals and plants using
nanotechnology and they had to build connectiowwéeh nanometer and the subjects.
They should be able to give examples of organisrasuse nanotechnology. Then, they
had to learn about water permeable and water aesistatters, establishing a connection
with the properties of organisms that use nanoteldhgy and nanotechnological

products. In this section they had to perceive dbenection between nanotechnology

and manipulation of properties of matters.

They should develop sensitivity against the conoéptanotechnology and realize
nanotechnological products on the market and igneiss. They need to be aware of the
requirements to use nanotechnological productscomnsy; otherwise, they could be
harmful. Finally, they should be able to realizatthanotechology was a key and ever

growing and spreading technology for the presedttha future.

In relation to biotechnology; students should kribe meaning of biotechnology.
We aimed teaching the meaning of biotechnology dwrig them make yoghourt, which
they often eat in their daily lives. They shouldalknow about biotechnological
applications and benefits of these applications.d3Nk a current and oftenly discussed
subject, about which they should be informed. Wesintheir raise awareness about
benefits and harms of GMOs. Finally, they shouldeh@ea about ethical issues of

biotechnological applications like cloning and GMOs

Design Experiential Methods

| used lecturing, question-and-answer, discussang experiment methods to
conduct the lessons. We determined the teachinghadst considering students’
cognitive level, content, goals, and the class. dizeéhe lectures, | used pictures about
the subjects like nanoproducts, organisms that nas®technology, or properties of
nanomaterials. We used concrete examples from r#sidenvironment such as a sheet
of paper that was nearly 100.000 nanometer thickamducted experiments such as
spilling water on their uniforms and nanofabric. W&ed many pictures of nanoproducts,
nanometer, properties of nanomaterials, carbon tobes, and so forth. We prepared
hands-on activities for deep understanding. Weudsed issues such as “Why do

scientists make investigations or explorations?”
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Hands-on Activities:

We wanted students to keep a strand ofdmal forecast its thickness in nanometer.
After listening to students’ predictions, we expkl it was nearly 100.000 nanometer
thick.

We brought nanofabric to class and conducted exyeris in groups. Students
spilt over water on their uniforms first and them manofabrics. Finally, they compared
the difference between the results of these twdicgins.

PHASE 3: IMPLEMENTATION
Preparation of Curriculum Materials

There are many websites with lots of pictures ardeements for teaching
nanotechnology to K-12 students and kids. Booksutlieaching nanotechnology
subjects to K-12 students are also available. éngreparation of lesson contents, we

greatly benefited from www.nanooze.org and www.rs@mse.org websites.

Curriculum Implementation

We implemented the nanotechnology lesson plansif@ hours in one week. On
the first day, we had one class hour and on therathys two class hours. As a result of
the implementations, we think these subjects nmsigrated into science, technology,

and mathematics curricula.

PHASE 4: EVALUATION AND REPORTING

We evaluated effects of the lessons with interviamnd observations. Five days
after all the lessons were over; we conducted vigers with 15 students. We directed
nine questions to students about the lessons &edl éiseir ideas about nanotechnology

lessons. Then, we analyzed the answers by codamy thito themes and subthemes.

Additionally, an observer attended lessons and tamiks about the contents of the
lessons, performance of the teacher, and studesdstions. Besides the interviews, we
analyzed observer notes and coded them under themdesubthemes titles. Finally, we
stated our results and suggestions accordingly.
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7.4 PILOT STUDY TO IMPROVE MATERIALS AND THE MAIN S TUDY

Considering nanotechnology subjects were veryfoewtudents, we determined a
pilot study would be helpful to improve teachingterals. We conducted a pilot study
to make necessary changes in the lesson planstotoope the effectiveness of the
lessons, and to enhance student motivation andrstadeling. The pilot study was
conducted in a different public school. Considerihg interviews and observations in
the pilot study, we revised the lesson plans, un&r questions, interview time, number

of interviewees, and made other alterations acoghyli

7.5 CLASSROOM INSTRUCTION

We prepared five lesson plans. Lesson one lastedhoar, and the others lasted
two hours. | will briefly explain key points, comig and the implementation of lesson

plans.
Lesson 1: What is Nanometer?

| used lecturing, question-answer technique, erpants and discussion in the
lesson. | started the lesson by asking how we caddsure the distance from Istanbul to
Kars (I used Kars as the example because majoritheo students were from Kars).
Then, | asked how we could measure our school gaale notebooks, and, finally, our
fingernails. After listening the answers, | askbdse questions;” Why do we need
different kinds of measurements?”, “Can we needha@raneasurement unit to measure
smaller or bigger things?”, “How can we measuresas or different kinds of very small
things?” After listening their answers, | introddceanometer. | wanted a strand of hair
from students and wanted them to guess how muclonmater the thickness was.
Students tried to guess, and | gave the correat@msThen | used examples like: A
sheet of paper is about 100.000 nanometers thitkara is approximately 1.000.000
times bigger than a nanoparticle; your fingerngilsw one nanometer every second. |
supported the lecture with pictures. Finally, | memed that many events in our
environment occur at the nanoscale. For example,care smell the food through

nanosized molecules that flow in the air and reaghnose.
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Lesson 2: Nanotechnology from the Nature

In this lesson, | gave examples about new distesehat scientists made by
inspiring from the nature. | used noticeable exawpior kids, such as the surface
structure of lotus flowers or sticky nanohairs etigos, to raise their interest. | supported
the lecture with pictures of organisms that useoteshnology. We did an experiment:
first, students spilt water on their uniforms angerienced that the uniform got wet.

Then, they spilt water on nanofabric and experidntseunusual properties.

| used nanofabric and picture of lotus flowers thge to have them realize that
scientists were inspired from lotus flowers wheeythnvented nanofabric. | asked,
“Why do scientists make discoveries?” and we disedsabout the question. At the end
of the lesson students realized that there are mark things to discover in nature.

Lesson 3: Water Repellent Nanotechnology

| wanted examples from students about mattesget wet and that do not get
wet. | explained water repellent or permeable $tmes in nature. To get their attention
and improve comprehension, | called this situatioatters that like water” and “matters
that do not like water.” Then, | asked “Can we makatter structures that are water
repellent or permeable?” | gave examples about podating structures of matters to
make them “like water” or “do not like water” (e.ganotechnological products such as
nanofabric, antimist glasses, nanodye, and nanmiex.ad emphasized that scientists can
manipulate properties of matters using nanoteclgyolol wanted examples from the
students about matters that they would like to tumto water repellent or water
permeable. Then, | asked “What kind of advantageg tihese discoveries provide us?” |

promoted the idea that “Technology can make oesleasier.”

Lesson 4: How Does Nanotechnology Work?

| started the lesson asking students if we ctwild water permeable matters into
water repellent or water repellent matters intoewvgtermeable. After getting students’
responses, | had them watch a video about atoms amteo showing the magnification
of aluminium more than 1.000.000 times. After watghand talking about the videos

and atoms, | asked, “Can we change properties tiers& And how? “
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Then | asked “What is nanotechnology?” and "Whataaotechnology for?” After
a discussion with the students, | explained thewvars and then | introduced some
nanoproducts that they can experience in theiydiaiés, such as nanodye, nanofabric.
Later | mentioned about unusual properties of naterals like nanogold, buckyball,
and carbon nanotubes. We watched a video namedrédkéble and flexible glass.” |
emphasized that materials that are in nanoscaldaam unique, unusual properties and
can surprise us. At the end of the lesson | gaeesthdents a scenario which named
“Year: 2045” (see appendix A) (Web Page, 19) arkg¢dshem to read.

Lesson 5: Nanotechnology in Our Daily Lives

In the beginning of the lesson we talked aboutsttenario, how our world would
be after 23 years from now, and which nanotechncdbgroducts they wanted to use.
Then, | referred to currently marketed nanoprodudtstroduced many nanoproducts in
progress, and we talked about how we could use fhresiucts and what the functions of

these products were in our daily lives.

Then | asked, “Can nanotechnology be harmful?” Aligening the answers, |
explained nanotechnology could be harmful like atiyer technologies if we used it
unconsciously, and | gave some examples. Then hasiped that nanotechnology was
progressing very fast, and in the next decade weldvbe using many nanoproducts.
Consequently, there would be need for millions ahatechnology workers all around

the world.

7.6 OBSERVER NOTES

Dr. Serkan Ozel attended our first, third, andchfitssons as an observer and took
notes about our study. We analyzed observer's ramdscoded them into themes and

subthemes as follows.
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7.7.1 Themes
7.7.1.1 Interest

Students gave correct answers about nanometer sessures of samples used
and mentioned in previous lessons. They rememberaay examples mentioned in
former lessons. When the teacher made a mistakdersis corrected it. They asked why

they were learning about nanotechnology.

7.7.1.2 Wondering About The Subjects

Students asked many questions during lessons sudHoav many nanometer is
one millimeter? Is there a unit of measurementdrighgan kilometer? What is nanogold
for? Does antimist sprays’ effect last forever? Arere nanotechnology products on the
market? Does nanotechnology provide benefits tmalsi? Does nanospray turn normal
fabric into nano fabric permanently? Are unbreakadnhd flexible glasses made from
carbon nanotube bulletproof? Do unbreakable glassésin earthquakes? How do they
penetrate nanobots into our bodies? Will we feglobats when they are entering into
our bodies? How nanobots will turn back from oudies? How many kilometers can
space elevator rise? How much time does the eleveted to go to the space?, How

many people will go to the space with a space é&be\s once?”

7.7.1.3 Examples from Students

After we watched a video about big world of atorasstudent said: “The sun
appears small to us, and we think it is small.”éled, this was a very good example to

understand how big things can appear and be th@sghinall.

7.7.1.4 Students’ Challenges

When the teacher explained that one meter is dhenbhanometer, the students

had difficulties to read one billion.

7.7.1.5 Suggestions for The Teacher

There was a few visual materials in the first l@sbot using concrete examples

were profitable to comprehend the subject. Direcires/no questions made it easier for
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students to answer. It was a good introduction dgirb with familiar examples from
students’ environment. While the class was watghhe unbreakable glass video, a
couple of students said there was a trick in th€he teacher could conduct examples
that she used in other lessons and could emphtsizenexpected things can happen in
nanotechnology. Students asked lots of questiomitabanobots, which could be

conducted to investigate about the subject.

7.7.1.6 Motivation

Students’ attention was very high in the coursenyaf the students were eager to
respond questions and participate in the lessdmey &lso asked their own questions.

7.7 PARTICIPANTS

This study was conducted in a fifth-gradasstoom in a public primary school
during the spring semester of 2011-2012 acadendc. yidhere were 47 students in the
classroom: 24 boys and 23 girls. The school waatéatin a low-income and noncentral
district of Istanbul, Turkey. Parents of the studemostly graduated from elementary
school and had low-paid jobs. As a result of incdevels of their families, the students
were unlikely to attend social and cultural actest outside of the school. The main
teacher stated that many of them were eager to &t be successful in the school, and

very few students were uninterested in the lessons.

We chose implementing the nanotechnology lessonk fifth-grade students
because by the time of the study they had beendgaldience and technology courses for
more than a year. Thus, it was expected that tadysbme background information to be
able to understand the nanotechnology lessonglditien, fifth-grade students have still
childlike wonder and curiosity about their envirogmh and they are excited to learn
about innovative ideas. At the same time, we exgokthat fifth-grade students express
their ideas articulately so that they would be d@blprovide clearer and more meaningful

answers than lower grade students during the iietess

There was an observer in three of five class. Tfs=ver was an academician at a

large public university in Istanbul. He took notksing the lessons. | interviewed 15 of
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47 students when all the lessons were over. Thervietvs were recorded and then
transcribed.

I will introduce the interview participants on thasis of the classroom teacher’s

and my observations.

Interested 1: He was a very responsible, respecéli-esteemed, hard-working,

and clever student. His parents were very atterttvhis school achievement.

Interested 2: She was very social, and she hacaiglaigp skills. She was always
very interested in the lessons and attended claSeesdid not study that much but she

was successful.

Interested 3: His teacher thought he had very bigbtional intelligence. He was a
very articulate and successful person. His paremse very attentive to his school

achievement.

Interested 4: She was very clever and very suageastchool. She would act as

the peacemaker between her friends. Her familyweag poor.

Uninterested 1: He came from a crowded family. Heswot interested in the
classes. He did not do homework. However, he wesgec| and he did not have any

discipline problems.

Uninterested 2: She was a self-enclosed person.oBbged the school rules,
strived to succeed in the class, and did her assgts. Nevertheless, she was not

successful in the school.

Uninterested 3: She was a low-achieving student mexkr participate in the

classes. She was also very irresponsible as argtude

Uninterested 4: He never participated in classed, e was uninterested in the

lessons. He was very naughty and quarrelsome.

Random 1: He was a very clever, calm, and intripgicson. He obeyed the rules

and got on well with his friends. His parents weeey poor.
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Random 2: He was a very calm and intrinsic perdde. always seemed
uninterested in the classes but when you askeddfiaut the lessons, he knew the

answers.

Random 3: He was a very quiet and low-achievindestti His teacher thought his
educational level was very low — his achievemewellavas comparable to a second

grader. His father was in prison.

Random 4: She was a hard-working, successful, anlsstudent. Her teacher

thought she had high emotional intelligence.

Random 5: She was an intermediate level studeetoBayed the rules.

Random 6: She was very honest. She strived verjhrimuaccomplish in the class;

nevertheless her level was low. Her friends loved h

Random 7: His level was medium. He did not studyugih. His friends loved him.

His father was very attentive to him.

7.8 PROCEDURE

First of all, | met the principal of the schoaldateacher of the implementation
class, and | got their permission for the studyth letter of application, lesson plans
and materials, | consulted for permission from TahikMinistry of Education to practice
the study in public schools. After obtaining persios from the Turkish Ministry of
Education, | conducted the main study in a pudigenentary school with 47 fifth-grade
students. | conducted interviews with 15 of 47 stud after all the lessons were over. |
implemented the lesson plans from 26.03.2012 t633R012. The instruction took one
class hour on the first day and two class hourghenremaining days. | finished the
lessons in five days. After all of the lessons waver | chose the interviewee students
considering my observations during the classesasifiterested, four uninterested, and
seven random students. | conducted the interviewls students from 05.04.2012 to
06.04.2012. | did not declare interviewee studdmgfore the interviews, and | called
them one by one.
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| followed the lesson plans and took satdout students’ reactions during the
lessons. One observer from a university attendetiz33lessons and he took notes about
me, reactions of the students, and the lesson .plamally, | analyzed students’
responses in the interviews and observer notes duyng them into themes and

subthemes.

7.9 DATA COLLECTION

I chose 15 students and interviewed them one vedek all nanotechnology
lessons were over. During the interviews, | askie@ iguestions to each student, and |
directed “What would you want to know more aboutatachnology?” question to very

interested students only. The questions were &sAfsl

. What were the most attractive things for yonamotechnology lessons?
. What do you remember about the organisms tleahasotechnology?

. What comes to your mind when you hear the wartbtechnology?

. What size of matters does nanotechnology ddaaPwi

. Can we manipulate matters? And how?

. What kind of benefits do nanotechnological padyrovide us?

. Which nanotechnological products would you li&eise? Why?

0o N oo 0o A W DN P

. Can nanotechnology be harmful? How?

9. What was the difference between nanotechnol@ggons and your other
classes?

10. What would you like to know more about nanotetbgy? (This question was

asked only to the very interested students.)

7.10 OBSERVATIONS

Dr. Serkan Ozel who works as an academician atge laniversity attended the
first, fourth, and the fifth classes as an obserier took notes about the teacher, lesson

plans, students, and the process during classes.
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Additionally the main teacher of the class saidwhe curious and wanted to listen
the lessons. She attended all of the lessons,otds, and gave her observation notes

and ideas to me after each class.

7.11 MAJORS

My advisor Prof. Dr. Fahrettin Gucin, my co-Advisa@ssistant Prof. Dr. Zeynep
Ebrar Yetkiner Ozel, as an observer Assistant Pibf. Serkan Ozel, and as the
researcher teacher and graduate student myselfrJAtabas, we conducted the current

study with 47 elementary school students.

7.12 ANALYSIS

The interviews are analyzed using content analysist | transcribed interviews
listening to the tape recorder. Like Samardzijal@UGstated, the first step in the content
analysis was using inductive analysis to deternfitieere were any related patterns or
themes in the students’ answers. Then, | readribeexrs and questions many times and
determined related patterns and/or themes. | begiecting the answers of the students
under determined titles of themes and subtheme&nWicollected the related answers
under themes and subthemes, | decided to combime sbhemes and divided some
themes into subthemes. For instance, initiallyrh@ged “organisms” and “inspiration
from the nature” themes separate but when | reathtbne more time, | decided to
combine them. | organized the initial main themér@nometer” as a subtheme of the
“smallness” theme. | combined “easiness” and “b#h#femes as one single theme. |
put together “interested” and “wonder” themes Witheard it for the first time” theme
and generated one single theme. | united "hydraghdnd “hydrophobic” themes
because | realized that students used them togethstantly. In addition, | added some
themes when | read the answers of the students agai again; for example, | added

“self-cleaning” theme, after | organized the themes
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INDINGS

After transcribing all of the interview data, studs’ responses were interpreted
using thematic analysis. Thematic analysis is ditqtige data analysis method that
allows for the identification and analyses of thenee patterns within the data. Thus,
students’ responses in the current study were cadddr various themes using bottom-
up approach, meaning the themes were derived asefigarcher read the data. This

chapter explains the themes and subthemes thatidesrified.

8.1 WHAT IS NANOMETER?

When students were asked “What were the thingsatitvaicted you the most in the
nanotechnology lessons?” or “What comes to yourdmivhen you hear the word
nanotechnology?” students’ responses mostly indutie nanometer concept. One of
the interested students said: “I learned that natems smaller than millimeter.” Most
of the interested students referred to the nanamstacept with “Most powerful
microscope of the world” which was mentioned in tlessons (i.e., Atomic Force
Microscope). The students stated, “We can see #mosize matters with the most
powerful microscope of the world.” Most of the studs counted nanometer with other

units of measurements like following “nanometerllimeter, centimeter”.

8.2 1| HEARD IT FOR THE FIRST TIME

Most of the students mentioned that nanotechnolegy a new subject for them.
They stated that “We did not know about nanoteatgyl and we learned it with you.”

They also indicated that these new ideas werectttea “These lessons were fun
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because, we learned things that we never heardeyeféWe were very excited when
we heard it for the first time. Learning more abth&se subjects satisfied our curiosity.”

One of the interested students (interested 4) cstHiat: “These lessons were
different, more attractive and helped the develaptneé my imagination more.” Another
student (random 7) expressed his interest by sayifigese lessons were a little

different, | have never heard this stuff beforej @rchallenged me some.”

8.3 BECAME INTERESTED

Whether interested, uninterested, or random, nealllpf the students indicated
that they became interested in nanotechnology stshj@articularly when they were
asked “What was the difference between nanotechgdkssons and another lessons?”
One of the interested students (interested 1) shidarned small particles and more
interesting things like combining of nanotechnolamd becoming more powerful than
steel, nanotube.” One of the students commented‘ifas lesson was fun. We did not

know nanotechnology before but we learned diffetleimgs.”

The other random student (random 1) stated: “Wené&zhnanotechnology enough,
we learned a subject which we had never known wemieeard before. At first we were
very excited and wondered about what kind of thingaild be covered. We had not
known how small and as small as we could not sé¢le @yes nanotechnology was, we
thought it was big but after we learned aboutut, curiosity is satisfied.”

And one of uninterested (uninterested 2) studeaid: sit was different, very
different, there were facilities that change tie.’i

8.4 MANIPULATIVE CHARACTERISTICS OF MATTERS

When students were asked, “Can we manipulate theersa And how?” all of the
fifteen students answered: “Yes, we can.” In additisome students referred to
manipulation when they were asked, “What were ltinggs that attracted you the most in
the nanotechnology lessons?” and “What comes to yood when you hear the word

nanotechnology?” They frequently reflected on thaafabric sample that was used for
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the hands-on activity in the class and stated: lWianotechnology, we can turn water
permeable fabric into water repellent fabric.” Qofauninterested students described the
hands on activity as follows: “Nanotechnology chemithe matter; for example, fabrics,
you demonstrated us, we spilled water on the falthe water repellent glass.” And
another uninterested students said: “We can chdrmg@roperties of matters but | can
not remember.” Some of the students reflected sample from the scenario “Year:
2045” which was used in the fifth lesson - Nanotexdbgy in Our Daily Lives, saying,

“We read a scenario, dresses were changing thieirsco

Two students mentioned about atoms with these svoid/e can change the

properties of matters by changing their atoms.”

8.5 ATOMS

Students mentioned atoms frequently as they tadkbedit manipulation of matters,
nanoscale, and the most attractive nanotechnoladpects. They stated that they
remembered, “Atoms were so small that they couldskben with Atomic Force
Microscope.” One interested student said, “Nanatetdgy is about very small things,
smaller than atoms.” This was a mistake becausesatwe not in nanoscale individually.
An atom has a diameter of about 0.1 nm. Anothettestiresponded to the question of
“Nanotechnology deals with which size of matter§y” saying “atoms and virus”. A
random (random 1) student explained how we couldiputdate matters as follows: “We
can change properties of matters by changing #weims, for example we can turn
hydrophilic glass into hydrophobic glass, we caange a normal dye to dirt-proof dye
by changing its atoms.” Another student said, “Véa manipulate matters by changing

their structures, atoms. For example, fabric, gldgs”.

8.6 FUTURE

Most of the students talked about future when theye reflecting on the benefits
of nanotechnology. They stated nanotechnology waouoddke our lives easier and will
grow more in the future. One of the uninterestediants (uninterested 4) mentioned:

“Nanotechnology simplify our works and direct negenerations to scientific
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researches,” and another student stated that “ldilike to use nanotechnological fabric

suit when | go to a meeting in the future.”

Students also referred to future developments moteghnology: “It is on going
and will grow more technology;” “Many things havedn produced, and more will be

produced with nanotechnology.”

8.7 SMALLNESS

All of the students frequently used the smallnesscept when responding to
nearly all of the questions. When they were ask&tidt comes to your mind when you

heard the word nanotechnology?” they answered: gy \small unit;” "very small

particles” or “small existences, even smaller tharall”.

They mostly emphasized how small nanometer iseffiember the most powerful
microscope in the world, nanometer is smaller thathimeter;” “Nanometer is very
small particles.” One student said: “I rememberdhare units of measurements smaller
than millimeter. There are flexible glass, antifgtasses, nanometer is very small
particles, will be done nanobots which so small daa not be seen with eyes.”

Students emphasized smallness when they were d%ked} size of matters does
nanotechnology deal with?” Some sample answers:whli@notechnology deals with

small sized matters;” “organisms that are very §ntlaat can not seen with eyes;” “We
can only see them with the biggest, highest miapsg "very small even smaller than

atoms’”.

There was some misunderstanding about the coonéemallness. Some students
said nanotechnology deals with very small thingsnesmaller than atoms. That was a
mistake because atoms are smaller than nanoscdigidinlly. Many students
particularly mentioned that nanotechnology deats wimall organisms.

Subtheme Microscope

All of the students frequently associated smallnvéis microscope. One interested
student (interested 3) said, “Nanotechnology deatls matters of sizes that can not be
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seen with naked eye. We can see them with the powgerful microscope in the world.”
One of the uninterested students stated, “For elgrhpw can we see bacteria? We can
not see the smallest organisms with microscops; ¢ha be seen with the most powerful

microscope in the world.”

When asked, “What do you remember about the orgenighat use
nanotechnology?” a student answered: “Very smatigy how can so many things fit

into small things? How could we see them, if micagges did not exist?”

One student said: “I remember the most powerfulrosicope in the world, and
nanometer is smaller than millimeter.” Another siidstated, “Atoms are so small that

they can be seen with atomic force microscope.”

A misunderstanding among students was that theyceded the microscope with
only small organisms. Indeed, | made the same wasen during the pilot study. |
believe the cause of this problem is that they U@t microscopes just for seeing small
organisms, and they could not comprehend that momgl things like elements (see

appendix A: Lesson 3) could also be seen with rsmwpes.

Subtheme Nanometer

Students mentioned nanometer and smallness togetearand emphasized: “We
can not see these small things with our naked 'eged, “We can see the nanometer size
only with the most powerful microscopes of the widriSome of the students mentioned
nanometer with nanoproducts they remembered frardksons, such as, “Nanoglass,
nanometer, nanofabrics, nanoglasses, dye” or “Blexglass, antimist glass; nanometer
is very small particles. Scientists will invent dhrabots that can not be seen with bear
eyes.” Another random student used nanometer witibraunits of measurements and

said: “nanometer, centimeter, millimeter”.

8.8 EASINESS-SIMPLIFY

This theme mainly appeared as an answer“What kinds of benefits do
nanotechnological products provide us with?” questi They frequently responded to

this question using ideas and examples from owgsel “Let us assume we went to a
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meeting and something spilt on our dress, it dagsstain; then, you washed it with
“nanomatik clothwasher ball”, without detergent.F, df something spills over a carpet,
the carpet does not become dirty;” “Nanodye carmrcléself with water;” “We can

defend ourselves with nanotechnological shield wag” “Coats do not get soaked with

nanotechnology;” “Surgeries can be operated masiyeaith nanobots.”

One of the uninterested (uninterested 2) studemtstioned about advantages of
nanoproducts for people with disabilities: “Nandieclogy provide easiness to clean
dresses and carpets. Some people can have disabdihd it provides easiness for them.
| have a nephew with a disability.” One student easkin the lesson: “Can
nanotechnology provide benefits to animals?” Mdsthe students connected easiness

with future and stated nanotechnology will make loxgs easier in the future.

Subtheme Benefit

An interested student (interested 3) stated: “Napaycts has gained favor in our
daily lives. For instance, if somebody tries to @lbank, he or she can not break the
glass and return empty-handed.” A random studenttioreed about nanoproducts: “I
would like to use all of them in my daily life baetsse many of them are profitable”, and
another student (random 1) stated, “If we use thranoproducts] regularly and enough,

they can be very useful in our lives.”

8.9 MODELING FROM THE NATURE

Students adverted scientists took model from thereaThey gave examples that
we used in the class, and surprisingly they coatdamber nearly all of the examples.
Some of the students mentioned modeling from theireawhen they talked about
interesting and attractive aspects of nanotechyoltihe most attractive things for me
were Namib Insect and the fabric that was made @gatng from the nature,” and “This
lesson was fun. We learned different things; we mtid know about nanotechnology.
Also sprays they made them by modeling from somgthi.”(She did not complete her

sentences).

Some students referred to modeling from the naidren they were asked, “What

comes to your mind when you hear the word nanotdolgg?” They said: “It was
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modeling some organisms, there was Namib Inseathwives in an African Desert, the
way that no one can survive,” “They invented nabdfs via modeling hydrophobic
properties of lotus leaves,” and (random 5) “Thegdoce stuff for us by modeling

plants and animals.”

8.10 SCIENCE AND TECHNOLOGY

Most of the students stated, “Nanotechnology i®ariology in progress,” and
related nanotechnology with “developing technola@gy producing new things”. They
emphasized, “These lessons were interesting begaisee interested in technology and
technological devices.”

One of uninterested (uninterested 4) students Isaidr she thought of “Science
and studies that scientists do,” when he heardvtird nanotechnology. Another random
student (random 5) stated a parallel thing sayswgehce”.

8.11 HYDROPHILIC-HYDROPHOBIC (PERMEABLE OR REPELLEN T
WATER)

Many of the students gave examples of hydrophitid &ydrophobic structured
organisms and products together in parallel of Soes2: Water Permeable-Repellent
Nanotechnology” They referred to Namib Insects anentioned those insects had
hydrophilic and hydrophobic parts. Further, thedstits explained that; “Nanofabric was
made by modeling hydrophobic property of lotus &V and "Nanotechnological
carpets, coats do not got wet because they doliowt water in.” Students frequently
adverted to hydrophobic and hydrophilic nanotecbgickl products when they were
asked; “Can we manipulate the matters? And how?é Ohthe students (random 5)
answered, “We can change the properties of mafi@rsnstance, turn water permeable
fabric into water repellent one, when we squeezgyspo armchairs it transforms
nanofabric, nanotechnological dye can clean itsedfind “We can change our
hydrophobic dress to hydrophilic with nanotechnglbgAn uninterested student
(uninterested 2) said, “Nanotechnology changes ersatfor example fabric; you
demonstrated it, we spilled water.” One of the nested students stated: “I would like

hydrophobic cell phone,” and one uninterested sttsde’l would like to use
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“nanomatik”, nanodye and nanofabric, if | will gorsewhere and spill something on my
dress, the water will not be absorbed — it willgmne.” An other uninterested student
said: “If there is no water repellent shoe, out fget wet but with water repellent shoe

our feet do not get wet.”

8.12 SELF-CLEANING

Many students referred to self-cleaning propeuifaesanotechnological products as
they were describing the ease that nanotechnolamydabring to our lives. One of the
interested students stated: “Glasses do not shawtliey clean themselves with water.”
Another random student stated, “Buildings can sii@an, if nanodye is used.” One
student said similar things: “If you use nanotedbgal dye instead of normal dye, you
dye once and it removes dirt itself.” When answgrndifferent question, one random
student (random 1) adverted: “We can turn dye dtorepellent dye by manipulating its

atoms.”

8.13 CAN NANOTECHNOLOGY BE HARMFUL?

When | asked the question “Can nanotechnology dsenful?” nearly all of the
students responded, “Yes, it can be.” Two of therinewees gave an example that |
emphasized in lesson 5: “It may be harmful if we ttscarelessly. For instance, if we

respire a nanotechnological detergent (cleaningmnady, it may damage our lungs.”

An interested (interested 3) student emphasized nwgial aspects of
nanotechnological products and added: “Some pagg@ehe label “nano” for stuff that
are not nanotechnological and thus cheat othergéwise, one of uninterested
(uninterested 4) students emphasized the cheaspgca “If the products are not
developed by scientists, it may damage a familynay cause cancer, or it may contain

virus because they are not hygienic.”

One of the uninterested students stated nanotemiynatas not harmful and said:
“In my opinion, no.” One uninterested student meméid: “Someone can make a robbery

with a color changing car, then can change itsrcamal license plate.”
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In parallel to the lessons, some of the studemgrgdized and related the subjects
with harms of other technologies and mentioned ahaums of other technological
products like computers. A random (random 2) studsnd; “When we look at the
computer much, our eyesight may fail and we magdutcted to cartoons;” “Sometimes
it may be harmful and some time it may not be, canguters may break our eyesight;”
“Computer has nano particles and can disrupt ouesigit but benefits of
nanotechnology are more than its harms.”

One of the random students related the harm of teahnology to the
manipulation of matters: “In my opinion it may bearmful, for example,

nanotechnological spray may cause eyesight digugptas changing properties of the
fabric.”



CHAPTER 9

RESULTS AND DISCUSSION

DISCUSSION

This study contained in-depth qualitative inforroati about nanotechnology
education in elementary schools. Forty-seven fgthde students participated in the
study, and 15 of them were selected as interviewee®ur knowledge, there are very
rare qualitative researches in the field of narmtetogy education in schools, and very
little research has been conducted about nanotémnand biotechnology education in
elementary schools. Researches within K-12 edutdteve mostly been done at the
high school level. Findings of the current studysisted of lesson implementations,

observations, and interviews with students.

Former researchers have prepared activities fdr bahool students and offered
advices for high school nanotechnology educatiok, (2009). There are only a few
articles that provide information and ideas abowinatechnology education for
elementary school students (Ekli, 2010). Theseissudlso offer some activities to
educators. However, to our knowledge there are vamry researches that implemented
nanotechnology activities and lesson plans at ldgmmentary school level. This study is
very rare because we implemented nanotechnologpreplans and activities in an
elementary classroom and used qualitative resesoclexamine its effects. By
implementing lesson plans in a class and analygindents’ responses, we filled a gap
in the field of nanotechnology education and predichew aspects for investigations in

nanotechnology and biotechnology education in sishoo
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The interviewee students responded the questiomg uke following themes:
What is nanometer?, | heard it for he first timegcBme interested, Manipulative
characteristic of matters, Atoms, Future, Smallné&ssiness-simplify, Modeling from
nature, Science and technologylydrophilic-Hydrophobic (Permeable or Repellent

Water), Self-cleaning, Can nanotechnology be hafinfu

Nearly all of the students connected nanotechnolaitly smallness. Most of them
referred to “We can see very small things with thest powerful microscopes in the
world. And all of the students gave nanoproductangdes from the market or in
progress. And the most remember organism whichgusamotechnology was Namib
Insect. Some students used “atoms” concept whegnwiieee talking about manipulation
of characteristic of the matter, and they describgmms as “small things inside the
matters.” The main teacher stated that the studemtsuntered the concept of atom for
the first time in nanotechnology lessons, and twyd learn it quickly.

The students were very interested in technologyalse they used computers
actively. They really did appreciate and were ediabout learning this new and
interesting technology, and they asked many questiabout all of the subjects.
Nanobots, space elevator, carbon nanotubes, astifmnospray and nanofabric were
most attractive examples. Students were curiousitatb@se products and asked many

questions like following:

“How will they insert nanobots into our bodies?”
“How many people can go to space with space elewtonce?”
“How long do effects of nanospray persist?”

The students were bored when | used the same egawmigk, and they would say
“We saw it before.” In further lessons, they quiegmember nearly all of the subjects,
examples, pictures and activities which be usegravious lessons. They insistently
asked: “Can we use nanometer in our daily livesPilhw do nanoproducts work?”,
“What are their functions?”, “Are they on the mafKe "Are they expensive or not?”.
The students were very surprised when | explaited hanoproducts are commonly
available. They were interested in nanotechnol@yg acience and asked “Can you tell
us names of the scientists who study nanotechn®logyhey would not follow the

lesson as effectively when | used the lecturinghmet Despite there was a projector
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constantly in their class and their teacher usegraiminently, they were very much
engaged in the lesson and entertained when | ustags and video films.

In the lessons and interviews most of the studestsembered nanofabrics and
their water and stain resistant properties. | thimk was mainly due to the hands on
activities, which allowed them to remember thosanegles in the long term. Students at

this age learn better with concrete things rathan tabstract things.

Students could easily predicted that nanotechnotagybe harmful, if we did not
use it carefully or did not pay attention to prodlabels. They stated nanotechnology
was a technology in progress, and we would use masmg nanotechnological products
in the future. They gave examples like “nanomati&thavasher ball” which they
encountered in their daily lives or advertisemeitsring the interviews they tried to

make connections with what they learned and hematlde lessons.

During the first, third and fifth lessons an obsrfrom a university and during all
of the lessons the main teacher of the class staydtk class, observed and evaluated
effects of the lessons, performance of the researtbacher, and reactions of the
students. The observer took notes and the majohéeatated her ideas an in interview

at the end of lessons. All of these contributioresiacluded in this chapter.

The observer referred to students’ interests aatleriges in the lessons, examples
provided by students, suggestions for teaching,th@anotivation themes. At the end of
the lessons he stated that students were veryestégl in nanotechnology classes. The
students could answer the questions easily, remeaXanples from previous lessons,
and showed high motivation. He suggested more handxgtivities in the lessons based
on the level of the students. The teacher of thesgclwho has worked as primary school
teacher for 18 years, stated students were mogeested in the nanotechnology lessons
than other lessons. Further, some students withmotwation in other classes were very
interested in the nanotechnology lessons. She“kaith amazed. | thought the subject
would be very high level for fifth grade studerasad | thought they would be bored from
the lessons and they would not listen, but | saat they have extraordinary motivation
and interest in the lessons. Even on the thirdaddlge implementation the students were
still listening and joining the lessons. After tmeplementation of the nanotechnology

lessons, | can say that nanotechnology subjectbeamntegrated in, particularly, science
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and technology curricula conveniently. The obserfiemd the performance of the
researcher teacher very good. Supporting the dasigh visual materials proved to be
productive. We can easily realize from studentspomses that the subjects were
understood; students used scientific and termincébglanguage when answering

guestions.

SUGGESTIONS FOR EDUCATORS

Nanotechnology is a multidisciplinary subject thededs to penetrate into the
education system because it will develop with gsgmed and spread various areas of
our lives in the near future. Nanotechnology suisj@dso correspond to General Goals
of Turkish Board of Education. With the currentdstuve showed that nanotechnology
can be included in the elementary school curricyland students can understand and

develop awareness about nanotechnology.

When adapting nanotechnology in the elementarydahoriculum, however, it is
important to carefully consider students’ cognitigeels. The subjects are very abstract,
especially for elementary school students so weldheach these subjects using visual
materials like videos and pictures, experiments, laands on activities. At the primary
school level (7-12 age) because of their cognitievelopment stage (Piaget and
Inhelder, 2000), we should choose more concretempbes and subjects, like
nanoproducts; further, we should allow studentshave first hand experience with
nanotechnological products or examples of nanotdolyy in nature. These subjects are
not familiar to most of the elementary school studeso they may lose attention easily.
Thus, we need associate nanotechnology with tharyday lives by starting lessons
with examples from their daily lives and discusspaiential effects of nanotechnology
to their lives. From my observations in my nanotextbgy lessons | observed that such
an introduction was helpful for getting studentstivaied and eager to participate in the

course.

During the lessons, teachers can explain mechanismg functions of
nanotechnological products in a simple and basicnaaand talk about the availability
and prices of nanoproducts, which would get stuglerterested in owning one of these

products. Based on my observations organisms tisat nanotechnology can be
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appropriately used in lower grades because childreninterested in such organisms;
thus, they become motivated, and learning occuree maturally. Another important
point that should be constantly emphasized duriegctiing is the manipulative
characteristics of matters at the nanoscale becdhese subjects is basis of

nanotechnology.

At higher grade levels more abstract and compld)ests, such as types and
mechanisms of microscopes used in nanotechnologgepies of nanomaterials, or how
nanoproducts works, can be taught. As we teach tabanotechnology, we should
emphasize potential risks and hazards of nanotémip@r biotechnology and try to

develop a national awareness about these new tegien

Because nanotechnology is a scientific subject, sheuld mostly conduct
experiments in the class. We should emphasizenabtechnology is a science, and
there are many scientists who do interesting agl impact research in nanotechnology.
It would be of interest to students if we mentidre hames of a few scientists and

introduce their research and probably the typels {@og. microscopes) they use.

In parallel our findings and researches, what wggest here is not adding
nanotechnology or biotechnology as a stand-alossoleto the curriculum, especially K-
8 curriculum. Rather, both nanotechnology and kimelogy can be integrated into the
science and technology curriculum, and nanoscaiebeaappropriately included in the

mathematics curriculum.

LIMITATIONS

The current study was conducted at a public eleangnschool and was
implemented in a fifth grade classroom of 47 stwslemhus, the results of the current
study are limited to the current sample althougbk thsults provide teachers and
researchers with valuable insights about the tegcand learning of nanotechnology at
the elementary school level. The students wereviei@ed by the researcher, whom they
did not know before. Thus, students’ responsesnduttie interviews could have been

affected by the environment, their mood, excitemensome other factors.
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The implementations were limited with the lessomngl| their contents, and
instructional methods. Out of the 47 students & thass, interviews were conducted
with 15 students, and the thematic analyses werielil to those students. Interviews
were done five days after the implementations ef l#ssons, and students responded
based on what they remembered at the time of teeviews. All of these factors could

have affected the findings.

FUTURE RESEARC

This study aimed training and raising awarenesglementary school students
about nanotechnology and biotechnology, and weamphted our lessons in a fifth-
grade classroom. Further researchers may exploge te¢aching and learning of
nanotechnology lessons in upper level elementagsels such as 6th, 7th or 8th grades.
Future studies may also implement biotechnologgdes in elementary schools and

examine teaching and learning experiences.

Training teachers in nanotechnology and biotechgywls very important for
teaching these subjects within the K-12 curriculdfoture researchers can prepare
professional development opportunities for teaclheithese subjects and examine their
effects. In the current study we conducted intevgiavith students; future researchers
can interview teachers to provide information omirthideas or experiences about
nanotechnology and biotechnology education. Anthénlight of the current study other

new technologies can be comfortably implementeglementary schools.

Gifted and talented students can be more interestddattentive to these subjects.
Thus, future research may consider to prepare nmoaepth lesson plans for gifted
students. We can establish technoparks to introdacetechnology and biotechnology
subjects to kids and adults. We can prepare todntte these technologies to kids and
adults and provide national awareness about thedeeld, examples of such websites

exist in the world: www.nano.gov, www.nonesense.angw.nanooze.org
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CONCLUGN

We conducted a qualitative study for inform eleraepntschool students and raise
their awareness about nanotechnology and biotesgnaubjects. We prepared lesson
plans and implemented nanotechnology plans irtladifade class at a public school. We
evaluated the effects of the study with intervieamsl observations. As a result of the
study we can say that these subjects can be cahfprtaught in elementary schools.
Students did not encounter problems in understgntth@ subjects. However, we should
always be careful about students’ cognitive lewglen preparing lesson plans. The
students asked many questions during and eventhédéessons, and they had very great
motivation and interest in the lessons. Particylaidleos and experiments attracted great
attention. Most of the students stated that theyegated learning these subjects, and

they wanted to know more.

There are many sources to prepare lesson planst atamotechnology and
biotechnology subjects. A large number of them iar&nglish. Particularly, the web
sites for kids are very beneficial. According tor mbservations and conversations,
teachers have serious deficiency of knowledge daching these subjects, and these
subjects are hard and complex. Preparing an eduacairogram for teaching of
nanotechnology and biotechnology and developingheas’ skills and positive attitudes

towards these subjects is crucial.

In the current information and technology age, etlus should update curricula
constantly so that we can prepare students fofutinee. Students need to adapt to their
age more easily and catch opportunities. They shaldo be careful about risks and
disadvantages of new technologies. These shouldsdmee of the main goals of

education.
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APPENDIX A

NANOTECHNOLOGY LESSON PLANS

LESSON 1

CHAPTER |

TIME: 40 minutes

LESSON: WHAT IS NANOTECHNOLOGY?

CLASS: 5

CHAPTER I

GOALS: 1. To realize nanometer is so small that it cannatdsn by bear eyes

2To guess which objects are in nanoscale

LEARNING AND TEACHING METHODS AND TECHNIQUES: Lecture,

guestion-answer, experiment, discussion

INSTRUCTION TOOLS: A strand of hair, a sheet of paper, blackboard

LESSON AREA: School, class

LEARNING-TEACHNG PROCESS

The lesson is started with the queshiow we could measure the distance from
Istanbul to Kars (I used Kars as the example becenggority of the students were from
Kars). Then, how we could measure our school gardennotebooks, and finally, our
fingernails, questions are directed. After listgnthe answers, | asked these questions;
“Why do we need different kinds of measurement8®Mhy we do not prefer to measure

our fingernails with meter or kilometer?”, “Can weed another measurement unit to
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measure smaller or bigger things?”, “How can we sueaviruses or different kinds of

very small things?” Students’ answers are listetigehh nanometer is introduced.

Experiment. One nanometer is a kind of measurement unit tlsas uo measure
extremely small things. Nanometer is as small as$ ¥e cannot see without special
tools. Teacher wanted from the students to kedpaadsof hair from their hair and feel
width of it then, a strand of hair is wanted frotadents and asked them to guess how
much nanometer the thickness is. Students try #sguand the correct answer is
explained: Width of a hair strand is nearly 100.0@@ometer. If we though put 100.000
point side to side on the width of this hair strabdtween of collateral two points is
nearly one nanometer wide. Wanted from studenteeép a sheet of paper from their
notebooks and try to guess how much nanometehtbleness is. After the predictions,
explained this wide nearly 100.000 nanometer. Thsad examples like: A sheet of
paper is about 100.000 nanometers thick; an ayppsoximately 1.000.000 times bigger

than a nanopatrticle, the lecture supported wittupss.

Nanometer is a unit of measurement andsed for measuring extremely small
sized structures. It is mentioned that many evemteur environment occur at the
nanoscale. For example, we can smell the food gireanosized molecules that flow in
the air and reach our nose. A water molecule idlemi&ian one nanometer. A medium
bacterium is nearly 1000 nanometers size. Hundoédsacteria become in our hands,
look our hands. Could we see them? Despite thewaerage 1000 nanometer we could
not see the bacteria. Could we see one nanomaetghfe Students’ answers are listened.
Our fingernails grow one nanometer every secondicki¢al our fingernails together,
could we see their growing? Could we see one natewnagth our bear eyes? Students
discussed the questions. After the discussionss, é&xplained nanometer is extremely

small measurement unit and we can see it only vétly powerful microscopes.

CHAPTER 1lI

EVALUATION

1. What comes to your mind when you hear nanometedwor

2. To exemplify to matters which measuring with nantene
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INTEREST WITH OTHER SUBJECTS: We can establish a connection with

measurement units subject of Mathematic lessons.
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LESSON 2
CHAPTER |
TIME: 40+40 minutes
LESSON: NANOTECHNOLOGY FROM NATURE
CLASS: 5
CHAPTER I
GOALS: 1.To realize nanotechnology samples from nature
2To give examples for nanotechnological samples fnature
3To give examples of products made by inspiratiomfnature

LEARNING AND TEACHING METHODS AND TECHNIQUES: Lecture,

guestion-answer, discussion, experiment

INSTRUCTION TOOLS: Projection, nanofabric, video, students’ uniformgter
bottles

LESSON AREA: School, class
LEARNING-TEBHING PROCESS

We have mentioned about nanometer in previous nesdtanotechnology
interests with matters that have from 1 to 100 nagter size. The scientists who
interested with nanotechnology are making new d@isges and producing new tools by

using these very small matters.

Have you ever seen some lizards which are ablénd ¢he walls even ceilings?
Are you wondering about how can they do this? His tlesson, we will obtain

information about how nature using nanotechnolojye can see many of
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nanotechnology samples in nature. Geckos can dimalwalls. How can they do this?
Geckos have thousands of nanometer sized sticky hader their foot. They are able to
climb the walls even ceilings by using these stinlyohairs. Scientists made inventions
modeling Geckos’ sticky nanometer sized hairs:
http://www.indirimtreni.com/urun/magic-nano-padhisii-kaydirmaz-pad.aspx the video
Is watched and discussed.

Photographs of lotus flower leaves are showed rogeption. It is mentioned that
these leaves have a very interesting property, izdg from water. How? Lotus leaves
have water repellent characteristic and water dfajpslown over the leaves collecting
dirt of leaves. Have scientists made what kintheéntions modeling from lotus leaves
water repellent property? They invented waterpffabfics and dyes. Is it got wet when
we spilled water on our uniforms? Questions arecudised, then nanofabrics are
introduced to students. Choosing a volunteer stusjatt a little water to his/her uniform
and then nanofabric. It is shown all of the studehat it did not get wet. Nanofabric and
picture of lotus flowers are used together to h#wem realize that scientists were
inspired from lotus flowers when they invented rfabac. Scientists get inspiration
from lotus leaves made water and stain proof falaitd dyes. Water and stain repellent

nanofabrics, pants and self-cleaning nano dyemararket at present.

Experiment: Be distributed nanofabrics and water bottles twhesudent. First,
students spilt water on their uniforms and exp&eenthat the uniform got wet. Then,

they spilt water on nanofabric and experiencedriissual properties.

Blue Morpho Butterflies is another organism, whigde nanotechnology. Blue
Morpho Butterfly pictures are showed students amgleasized their beautiful colours.
They count between most beautiful butterflies beeaf their colours. Actually, they are
colorless and this beautiful blue colour does mheirtcolour. How could we see them
like this? This realized via nanometer scale stmas in their wings. These
nanostructures refracting the light in a differergty and thus Blue Morpho Butterflies
look like this beautiful colour. Is it interesting®hat kind of inventions can make

modeling these butterflies property?

Scientists search nanotechnology in the nature tapdo understand. They

searched Geckos foot and realized how their stitkgohairs work. Why? Why do
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scientists make discoveries? The question is dseclisAt the end of the lesson students
realized that the scientist make discoveries fawviding easier life and increasing the

quality of our daily lives and there are much mittiegs to discover in nature.

CHAPTER 1lI

EVALUATION

1. Exemplifying samples about organisms which usingptechnology.
2.  What kinds of inventions have made modelling fromamisms?
3. Are there more discoveries, which used for the fiené people, in the

nature?
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LESSON 3
CHAPTER |
TIME: 40+40 minutes
LESSON: WATER REPELLENT NANOTECHNOLOGY
CLASS: 5
CHAPTER I
GOALS: 1.To realize there are hydrophobic and hydrophilaienules in nature

Zlo give examples for water permeable and watedlsgenanotechnological

products

LEARNING AND TEACHING METHODS AND TECHNIQUES: Lecture,

guestion-answer, discussion
INSTRUCTION TOOLS: Projection, Nanofabric
LESSON AREA: School, class
LEARNING-TEAEING PROCESS

Examples are wanted from students about mattershvgat wet and that do not get
wet. It is explained that there are water repellentpermeable structures in nature.
Examples are produced with students.It is askedtudents: If your notebooks have
water repellent structures, would it be easier fou? To get their attention and to
improve their comprehension, these situations atlect “matters that like water” and
“matters that do not like water”. Can we make dtites of matters water repellent or
permeable? Examples are given about manipulatingtates of matters and making
them “like water” or “do not like water” (e.g., nat@chnological products such as
nanofabrics, antimist glasses, nanodyes, and nearagss). Scientists can manipulate

properties of matters by using nanotechnology. sThwater and oil repellent, stain
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resistant fabrics and sprays which turn normaliéstinto stain resistant fabrics and dyes
and cleaning themselves with water are producectuteis of nanotechnological dyes
and fabrics are shown to students from projectihich organism could scientists
modelled for inventing these products? Which prige of lotus flowers could they
benefited from? Questions are directed to studeoisus flowers and nanofabrics
pictures are shown to establish connection betwleem by students. Experiment which
is done in previous lesson is remembered and mesdicco make some private
applications that scientists make surface of theidavater and stain resistant. Have you
ever experienced not wear your dirty dress forrteet day? Nanofabrics are water and
stain resistant and when we spilt on our dresssdb not become dirty; thus, we do not

need to wash it.

Do you see dirty buildings around? Is it easy &anl outside of buildings? When
water drops of rain fall down from the surface ofltings, the rain water collect the
dirts and nanodyes provide the outside of buildatgy clean. Thus, outside of the
buildings can easily be cleaned. Have you everyose sight because of mist in winter?
Has your father ever lose his sight when drivingduse of mist or wipers? Questions are
directed to the students. It is mentioned, by fatantimist and water resistant glasses,
drivers can see the way even in heavy rainfallgerfiists achieved to turn glass, which
do not like water, into antimist glass which liketer by using some private methods.
Antimist glasses pull water to themselves, the wdistributing equally on the glasses
and water cannot collect some areas. Thus, theefado not mist up. Antimist glass
pictures are shown via projection. Have you evenseanofabric and nanodye ads on

TV? Teacher and students mentioned the ads aboatewhnological products.

Examples wanted from the students abottensathat they would like to turn into
water repellent or water permeable. Then, what kinadvantages may these discoveries
provide us? Question is directed to students: Hhetogy can make our lives easier.”
idea is promoted. The scenario “Year: 2045” idgrihiated to students and wanted them

reading it before next lesson.
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CHAPTER 1lI

EVALUATION

1. Exemplify the matters that like water and mattbet tlo not like water.

2. Exemplify the inventions which scientists made ralig water repellent or water

permeable properties of matters.

3. How these inventions make our lives easier?
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READING TEXT
BRERIO YEAR:2045

Ayse asked to the household artificiatlligence as she walked to the bathroom:
“Alladdin how am | doing?” The system answered bgagnizing her voice: “Ayse, if
you place your hand in the wall panel, | will dgaick check-up for you.” Ayse said it
was okay and put her hand to the screen of househdificial intelligence and
meanwhile she said “You can open the shower for. fifg/se, you should take a vitamin
tablet after having a shower. You are startinghows signs of a cold. All your physical
functions appear fine. Additionally, your heart g8 slightly raised.” Ayse said okay
and she went to the bathroom. She said: “My healdes rate is raised because | am
going to an invitation with my husband tonight.” eStvas knowing that the artificial
intelligence did not care if she response or ndtibwas seem to have a personality.
When she was relaxing in shower, a signal came ftommunication implant where

below her ear: “Fatma is calling you. Would yotelilto answer or not?”, “Yes, please.”

-Hi Ayse. How are you?

-l am fine. I am in the shower and getting prepdoedhe invitation.

-What color are you going to wear tonight?

-1 will wear blue but | could change color when start dancing. What about you?

-1 will wear red but I will flip to green when weadce.

They talked fifteen minutes before Ayse&s®isconnect it”. After toweling off
and taking vitamin tablet, she started to makeuieltl the nanocosmetics like her second

skin. These cosmetics have sunscreen propertiae aame time.

Ayse was going to an invitation with harsbhand Levent. Levent has broken his
leg when he plunged into the pool. But it had heé:ajeickly after the doctor injected the
nanofiber diamond-coated prosthesis to supportotiee until it healed. Now, Levent
could go to the gym regularly. After the gym he kam shower and got dressed. He
placed screen of artificial intelligence of the gyon check-up. The school’s artificial
intelligence called “mother” by kids. A few momenafter he went into shower, it

chirped: “Levent Akyol there is no problem anddllyour body is good.” This message
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was also saved in the folder of gym teacher. Theher checked this folder and took
information about medical conditions of the studeritevent dressed up quickly and
went to his car and pressed his thumb againstddkéyspot on the door to unlock it.
Levent was proud of his first car. Like his dadar it had lightweight nanotube
reinforced fiber body that was the same colorralway through, so even deep scratches
were not shown. Levent's car captured some eld@gtritcom solar conversion and

braking, and he fully recharged it by plugging ittte grid, usually at home.

When he put his hand to the steering whbere was a few pause to as the car
checked her breath to make sure he had not hattiagyhat would harm his driving.
And the car checked his prints and a few momeast lgiteen light came on and he drove.
After a while later, his communication implant sidgd a call from his mother. Levent's
mother works in a laboratory that producing leske siffected and more influential new
nanocapsul drugs. After talking with his mother &ev came to home, parked and
plugged into grid for charging his car. The car wasered with solar converter paint
which recharged the battery with sunlight. Eledyigvas generating by solar converters
placed in large areas like deserts. He entered hadeput his dresses on the bed, his
stomach growled and he went to the kitchen foraglenit might be late by the time the
food was served at the invitation, he prepared allssandwich. Afterwards he took a
mouthful of Nanodent. The nanomachines in the meastih recognized particles of
food, plaque and tartar and lifted them from thettieNo one have not used toothbrush
and toothpaste since Nanodent produced.

Ayse was not ready yet. Levent went te kitchen and took a glass of cherry
juice. When he drank it, a little cherry juice pedrout to Levent’s white shirt.
Meanwhile Ayse came with her blue dress and smigdaking way. “My shirt produced
from stain and water proof nanofabric and it isnsfaoof.” said Levent. Ayse wiped the
shirts and all of the cherry juice was gone. Thuesient did not change his shirt and did
not waste time, water, detergent and electric fofflhey got into the car and went to
invitation (Adapted from: http://nanosense.orghats/sizematters/index.html).



99

LESSON 4
CHAPTER |
TIME: 40+40 minutes
LESSON: HOW DOES NANOTECHNOLOGY WORK?
CLASS: 5
CHAPTER I

GOALS: 1.To be aware of nanotechology as a science whicls aeth very
small objects that can not be seen by bear eyes

Po develop sensitivity for nanotechnology concepts

LEARNING AND TEACHING METHODS AND TECHNIQUES: Lecture,

Question-Answer, Discussion
INSTRUCTION TOOLS: Projection, Video, Scenario Text, Ruler
LESSON AREA: Class, School

LEARNING-TECHING PROCESS

The scenario “Year: 2045” is talked and discussét students for 15 minutes.
Then, it is asked to students that whether wedctwin water permeable matters into
water repellent or water repellent matters intoevgtermeable. After getting students’
responses, a video about atoms and the video spdwenmagnification of aluminium
more than 1.000.000 times IS watched:
http://www.dailymotion.com/video/x4mv3m_zoom-inthsminium_tech#rel-page-7
After watching and talking about the videos andnapit is asked: Can we alter
properties of matters? And how? It mentioned, distuall of natural events and objects
start in a very small size. For example, considethe water that we drink every day,
extremely small constituents unit compose waterthe desk we sit on, very tiny



100

constituents unit compose the desk. Propertiesatfes like water was liquid and wood
was solid are originated from these very small thrents and their interaction with

each other.

Nanotechnology is interested in very small sizeeknéy and matters which
constituent matters and give them different progeriWhat is the meaning of nano? The
word of "nano” comes from “dwarf” in Latin. Namsnce is interested in very small
sized matters and nanotechnology develops devigesihg applications in these small
sized matters. Nanoscience and nanotechnologyngeeested in 1 to 100 nanometers
size. Purpose of nanotechnology is recognizing amdkerstanding of these very small

sized matters and developing new and high techyotwagerials with them.

How small is nanometer? Let’s realize it. We neel@érs to keep a ruler in our
hands and to look between 0 to 1 millimeter. Can gee how long one millimeter?
Now, we think to put 1.000.000 points with equdakimal in these length. A length of
side by side two points show us one nanometer leif@iuld we see this length with our
bear eyes? Scientists use nanometer measurindn laagimall as we can see with some
special microscopes. Nanometer is smaller than béadpin, wide of a our hair strand
and our cells. Scientists who work in nanoscalel shat we cannot even compare

nanometer with these lengths. Certainly, it isgtinhan we can see with our bear eyes.

“What is nanotechnology?” and “What is nanotechggldor?” questions are
asked. In short, nanotechnology will become a cohee often hear. Maybe you will
work on a field which is related to nanotechnologfould you like it? Nanotechnology
use in from nutrition to dressing, from energy tonetnunication and from cosmetics to
medicine. Nanotechnological medicines, water repellifabrics, self cleaning dyes,
detergents and many more products are currentlprbieg in market. Teacher is
mentioned that she has seen “nanomatik clothwdsdiBrin ads. Have you you watched
the ad? Have you seen another ad which contairang word? Questions are directed
and students mentioned about nanotechnologicaluptedn market. After a discussion
with the students, the answers are explained. Te@me nanoproducts introduced via
projection that they can experience in their ddives, such as nanodye, nanofabric.
Later, it is explained about unusual propertiesafomaterials like nanogold, buckyball,
and carbon nanotubes. A video named “Unbreakalddlarible glass” is watched. It is

emphasized that materials that are in nanoscaldaaa unique, unusual properties and
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can surprise us.

Do you have computer? Computers have only 100 natesmsized pieces. We
can fit 1000 of them in wide of a strand of haiheTcomputers which we use daily life
has 100.000.000 nanosized pieces. We use nanoteghirto develop these pieces. In
the past computers were heavier than today andatteelyghter now that nanotechnology

is one of the reason for this. Old and new compgytértures are shown via projection.

Scientists are not know everything about nanotelcigyo and they are still
studying about what can we do with nanotechnolagy \ahere can we use it. They are
using very special tools and microscopes to stumd/seearch about nanotechnology and
they must be very careful when using them. What féanotechnology is brand new and
it has lots of things that we should learn and alsc. Would you like to study in
nanotechnology and develop devices to make peojile’'sasier? Students and teacher

discuss about the question.

CHAPTER 1lI

EVALUATION
What is coming to your mind when you heard nanatetdgy word?

2Vhat is nanotechnology for?



LESSON 5

CHAPTER |

TIME: 40+40minutes

LESSON: NANOTECHNOLOGY IN OUR DAILY LIVES

CLASS: 5

CHAPTER I

GOALS: 1.To have an idea about usage of nanotechnology

2.To realize technology should use consciously

LEARNING AND TEACHING METHODS AND TECHNIQUES:

Question-Answer, Discussion

INSTRUCTION TOOLS: Projection, pictures

LESSON AREA: School, class

LEARNING-TEBHING PROCESS

102

Lecture,

Have you heard nanotechnological prodoctthe products that its name contain

nano word? Answers are listened. Nanotechnologyuaigg from food to dress, from

medicines to electronics nearly every field in gdife. Pictures of the products are

shown via projection. Informations are given abthgse products, their usage in daily

life and how they make our daily lives easier. Tesicand students are talked about the

products.

Can we use nanotechnology in differentastPe Students discussed about the

question and determined their ideas. It is mentdamany of discoveries have not made

in nanotechnology yet and we can use it in mangelafields. Thus, teacher helped

students to understand the subject that they cdee rstudies related this field in the
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future.

Do you use computer? Can computers bmf##? In parallel of the answers it
mentioned that technology can have benefits anchdrat the same time and we should
use it by realizing its harms and benefits. Carotechnology be harmful too? Students
are promoted to talk about the questions. Themeihtioned that nanoparticles can be
harmful to human health, can disturb ecologicahbe¢ and can reach some undesired
place in body and be toxic accumulating in natufe.is mentioned some
nanotechnological cleaning materials may damaggsluh is explained we should use
nanotechnology to aware of its harms and beneti$s fike other technologies. We
should determine considering harms and benefiis when we buy nanotechnological
products. In parallel of this students are promdtediscussed about the question; is

nanotechnology beneficial or harmful?

CHAPTER 1lI

EVALUATION

1Can you say a nanotechnological products?

ANVhy should we use nanotechnology consciously?
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APPENDIX B

BIOTECHNOLOGY.ESSON PLANS

LESSON 1

CHAPTER I

TIME: 40+40 minutes

LESSON: LET'S MAKE YOGHOURT

CLASS: 5

CHAPTER II:

GOALS: 1Having an idea about the methods which scientistss and utilizing

organisms for producing desired products
2.To give examples to application fields of bioteclogy

LEARNING AND TEACHING METHODS AND TECHNIQUES: Lecture,

question-answer, experiment, discussion

INSTRUCTION TOOLS: Milk, spoon, yoghourt

LESSON AREA: School, class

LEARNING-TEABING PROCESS

How is yoghourt made? Have you ever seaur ynother when she is making
yoghourt? Students talk and discuss about the ignesand it is explained to them
yoghourt is made by microorganisms. We will leaowro make yoghourt in this lesson.

We are adding two spoons of yoghourt i@ milk and thus, microorganisms
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which become in yoghourt proliferate in warm milkdaturn milk into yoghourt.
Volunteer students are selected for fermentingntiie. Explaining to students, it must
pass three/four hours in a warm environment fanértation. Why are we putting milk
in a warm environment and waiting? It is asked kstdned the answers of the students.
Also, it is explained that microscopic organismgalimust proliferate to turn milk into
yoghourt need a warm environment and time to pevids transformation. Fermented
milk is covered with a cloth and put a warm plagestudents and it is said that the

yoghourt will be ready after three/four hours.

After the needed time passed, the yoghseusdsted by students and asked to them;
how does milk turn into yoghourt. And then it ispéained that scientists get produced
some desired products to organisms like as we Wk call this technology
“biotechnology”. For example, Hepatitis B vaccindigh we vaccinate in schools and
more various vaccine are produced by microorganigpen scientists requests. It is
asked, is there anyone who has a diabetic and insedin person in their family?
Scientists get produced insulin hormone for diaisetdo microorganisms abundant and
cheaper way. Many more type drugs like vaccines msdlin are produced by

microorganisms upon scientists’ request.

How does dough fermented? The questi@sked to students. The yeasts, which
we add into the flour, are microorganisms. The oovoganisms proliferate in flour with
warm water and turn flour into dough fermentingt jlilse yoghourt. Do you know how
vinegar is made? Students talked about the questimhthen explained vinegar is
produced by microorganisms, which we cannot sem theth our bear eyes. Cheese,
pickle and many more various foods are producedniroorganisms upon people's
requests and these are very age-old biotechnoldgidaniques.

CHAPTER 1lI

EVALUATION

1. Can we make microorganisms produce the productslesee? How?

Can you give an example?

2. Can you give examples about products which saEntiead

microorganisms to produce?
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LESSON 2

CHAPTER I

Time: 40+40 minutes

LESSON: OVERVIEW OF BIOTECHNOLOGY

GRADE: 5

CHAPTER II:

GOALS: 1. To exemplify biotechnological applications

2. To realize that biotechnological applications dtitizing our daily lives and

raising our life quality

TEACHING-LEARNING METHODS AND TECHNIQUES: Lecture, question-

answer

INTRUCTIONAL TOOLS: Projection, video, e-newspaper

LESSON FIELD: School, class

TEACHING-LEARNING PROCESS

Have you ever heard about decreasingrttaiat of food in the world day by day?
Every year nearly 670 thousand kids are going bliadause of vitamin A deficiency.
We have to produce more healthy and nutritious $aadour world which increasing its
population and decreasing agricultural fields. Gee produce more healthy and

nutritious foods? How can we achieve this?

Scientists ask for ways to bring solutiansour world which become more
crowded day by day and struggle with food deficienwater scarcity, pollution and
various disease problems. Biotechnology is onded¢ ways. Have you heard the word
before? Biotechnology means to get desired prodigitgy organisms and events related
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to organisms. We fermented milk and turned milk ipgbghourt in former lesson and we
used the organisms which live in yoghourt and theged milk into yoghourt. We can
produce many more desired things by using organi$fos instance, animals which
produced more meat and egg, potatoes which fryiitiyg lss oil, plants which resistant
against harmful warms and insects and drug plafisnwve eat them we can heal.

Scientists produced many more of these. How candbat?

What is gene? Have you heard the word before? Afitaning the answers the
video watched; http://www.youtube.com/watch?v=4NegABEGTv4Then, it is
emphasised that genes gave the organisms all iofpitogerties. For instance, shape of
our ears, colour of our hair, shape and tastepbduat, etc. all of these coding with genes.
What will happen if we change these codes? Canrag@upe more coarse-grained corn

or a sheep which produced more meat?

Genes are existed in cells of organisms. To gaimenmmutritious animals and
plants, their genes are manipulated with bioteabgioal applications. We can form
more diseases resistant organisms by manipulagngsy Biotechnological applications
have contributions to protect environment and insiealthier environment. For
example, some bacteria which is formed by scienttsin clean dirty waters without
using chemical substances or drugs. Due to thegerzwe can clean the water without

harming other organisms.

Did you hear GMO? GMO means genetically modifiedyamism. Scientists
achieved to make organisms healthier and moreifuleand more resistant plants and
these plants are known as GMO products, by martipglgenetics. Related news are
read from,
http://www.bbc.co.uk/turkish/europe/story/2005/8)828 _golden_rice.shtmand then

discussed with students.

GMO foods commonly made the market and are soldn@ing the genetics of the
foods, they become more nutritious, more resiségainst insects, viruses and bacteria
and easily produced. What else can we do to maatggjenetics of organisms? Which
organism would you choose if you wanted to manigulgenetics of an organism?

Students talked about the questions.
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CHAPTER 1lI

EVALUATION

1Can you give examples of products that produciitg kiotechnology?

AVhar are the advantages of biotechnological agiptins?
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LESSON 3

CHAPTER I

Time: 40+40 minutes

LESSON: WHAT IS GMO?

SINIF: 5

CHAPTER II:

GOALS: 1. To exemplify biotechnological applications and theilities.

2. To exemplify benefits and harms of GMOs.

TEACHING-LEARNING METHODS AND TECHNIQUES: Lecture, question-

answer, discussion

INSTRUCTIONAL TOOLS: Projection, e-newspaper, video, photos

LESSON AREA: School, class

TEACHING-LEARNING PROCESS

Can we change shape, taste and contetiieofoods? Bringing to class GMO
photos and talking with the student about photog Méntioned GMOs in previous
lesson. What comes to your mind when you hear thvel @MO?

At present, there are more than 800 prsdwhich contain GMO. Scientists
modified genetics of wheat, corn, potatoes, soymlzd many more products which we
consume nearly every day with biotechnological @ppbns. We can produce faster
growing, resistant against insects and harmful megas, more fruitful and more
nutritious products by manipulating their geneti€bus, farmers cannot need to use
pesticide to kill the insects or protector drugsiagt diseases because these products
resistant against insects, harmful organisms aselades. To produce these products are
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easier and cheaper. The video is watched from
http://www.youtube.com/watch?v=6cvywk44o08Eandfeatuelatedand talked about it.
At the same time, these products can provide gt needs of our bodies with smaller
amount because they are more nutritious.
http://www.bbc.co.uk/turkish/europe/story/2005/G8JB828 golden_rice.shtmeb news

IS recalled.

The world population is increasing andi@agdtural fields decreasing each passing
day. Scientists think that these products candmwion for starving which come near to
us day by day. Moreover, these products are uspdoohuction of drug and vaccine. For
instance, scientists inserted some genes into fii@dteprovide them producing insulin
hormones. Thus, diabetic persons can be easilyette&imilarly, by inserting some

genes to bacteria they can produce Hepatitis Bram@ many vaccines.

Besides we can keep the genes of raredeingered species. Thus, we can copy
them again in laboratories. Students  watched  the deovi from
http://www.youtube.com/watch?v=tbTw1NIxyzcandfeaterelated and then talked
about it.

In recent years, the discussions abouéentiei harms of these products and
applications are began by becoming spread andasicrg biotechnological applications.
For example, biotechnological products can causeeara allergy and disturb natural
balance, change some beneficial properties of @latdmage organisms which living
with plants and decrease diversity. Studies abengfits and harms of these products are
still in progress. The scientists are continuingstiodies and making discoveries which
utilize our life. Nothing can be totally beneficiadr harmful. We should use
biotechnology carefully and conscious like any ottezhnologies and considering the

hazards of its.

CHAPTER 1lI

EVALUATION

1. What is GMO?

2. Can you give an example about benefits and hafiG$/8’s?
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3Does the right to use new technologies withouestigating their risks
and benefits?
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LESSON 4

CHAPTER |

TIME: 40+40 minutes

LESSON: ETHICAL ISSUES ABOUT BIOTECHNOLOGY

SINIF :5

CHAPTER I

GOAL: To have an idea about biotechnological applicatiarhich are applied on

humans ethical or not

TEACHING-LEARNING METHODS AND TECHNIQUES: Lecture, question-

answer, discussion
INSTRUCTIONAL TOOLS: Projection, photographs
LESSON AREA: School, class

TEACHING-LEARING PROCESS

What was GMO? Answers are listened and remembéaatspand animal samples
with GMO. We mentioned about genetically modifiddrts and animals in previous
lessons. Can we apply these applications on huntdnfMan genes can be altered with
biotechnological applications. Genes are infornmabanks in our cells and they give us
our vitality properties. Genes give all of vitalpyoperties to organisms. Have you heard
about genetic diseases? Students talked in tihigcuand the teacher informed them
some diseases which come from genes transferrorg tur parents. For instance, if
someone’s both parents are diabetic, he/she willifgetic most likely. Scientists found
a way for pretending some genetic diseases betoreldly manipulating human genetics.
Even parents can change their children's some giregpdike eye colour, intelligence,
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length and many more properties. In your opinion igle or false? Students are debated

on the issue.

But in many of culture and religion human acceptasdsacred. We could not
completely know that if we altered to human gersetithey would encounter any
problem in the future or not. Because of many simifeasons about doing
biotechnological applications on humankind are @tenaf debate. If these applications

are used in a wrong way, it could cause damage huwmather organisms?

Some countries allow these applications and somieifited. But biotechnological
applications which are done on plants, animals aiér organisms are accepted by
many countries. In many countries there are |btdabate on these issue and many
people think human is sacred and choosing childrgehes can cause lots of problems
in the future. Because of this, having a child ltgrang their genes are prohibited in
nearly all of the countries. In your opinion, igneficial of harmful? Students referred
about the issue. Scientists are still studying @ebhnological applications to create

cleaner and healthier environment and to utilizedauly lives.

Have you heard about cloning? Scientists achievagkherate clone organisms by
copying genes of organisms and generating a coggnsm which has donor’s all
vitality properties like twins. These clone organsshave same properties with donor

and generate in laboratory environment.

Photographs of clone organisms are shown to stsid@rhen, by using the
photographs it is explained that clone animalsiedrcompletely same genes with their
donor. That is to say, they have same properti#s their donor like eye colour, length,
shape of body, etc. briefly all of vitality propied. It is emphasised that these studies are
being done all around the world. Scientists clomede, pigs, sheep, monkeys and they
can clone humans too. Endanger animals can saekbyg and also by inserting some
genes to clone animals some drugs and vaccinebegmoduced. In the future, clone
animals can be used as organ donor for humans Ksown that cloning can practice in
human too because it is practiced on sheep, miamkays, etc. which become
mammalian like human. However, there is no coumtnych allows human cloning. In
your opinion, is human cloning like other animalsetor false? Do we need to legislate

some laws related to the issue? Do you want to laagkne? Students debate on the
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issue and are canalized multi-directional answers.

CHAPTER 1lI

EVALUATION

1What are the possible benefits and risks of haghilgiren altering their

genetics?

2.In your opinion will be a discrimination betweehildren which are

born with manipulated genetics and normal childretihe future?

3.If you were a scientist who interested in biotexdbgy, what would

you like to produce by using biotechnology?



