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ARTICLE HISTORY Abstract: The aim of this study was to determine the validity and reliability of the
Received: March 24, 2020 Nanc?technology Awareness Sf:ale (NAI) iq Turkish culture. The ’study group

consists of 624 biology, physics and chemistry teachers working in secondary
Revised: Sept. 13, 2020 schools in Antalya, Denizli, Burdur and Ankara. Exploratory Factor Analysis
Accepted: Oct. 22, 2020 (EFA) and Confirmatory Factor Analysis (CFA) were conducted in order to

determine its structural validity. Cronbach-alpha and stratified-alpha coefficient

values were calculated for the reliability of the sub-dimensions and the whole of
KEYWORDS the scale, respectively. In EFA, Kaiser-Meyer-Olkin (KMO) value was found to be
0.92 and the Bartlett Test result (912 91 = 6519.27, p <.00) was found significant.
In addition, in original scale, a two-factor structure was found. This two factors
Nanotechnology awareness, golution explains 59.192% of the total variance. In CFA, factor structure of the
Nanotechnology exposure, scale was tested for two-factor solution as it was designed. According to the

Nanotechnology,

Validity findings, it was found that the scale, containing 14 items with two sub-dimensions,
o had sufficient goodness of fit indices such as x2/sd =1.344, RMSEA = 0.07, GFI1 =
Reliability 0.97, CFI =0.97, NFI = 0.90 and AGFI = 0.83. These goodness of fit indices shows

that we have good model-data fit. The Stratified-alpha coefficient was found as
0.942 for the whole scale. Cronbach alpha coefficient was found as 0.935 and 0.805
for the awareness sub-dimension and exposure sub-dimension, respectively. As a
result of the research, it was concluded that the Turkish version of the scale can be
used as a valid and reliable measurement tool.

1. INTRODUCTION

Nanoscience and nanotechnology (NSNT) is a very rapidly changing field and defined as one
of the six key enabling technologies (KETs) by the European Commission, including advanced
manufacturing technologies; advanced materials and nano-technologies; life science (as a
broader definition of industrial-biotechnology); micro and nano-electronics and photonics;
artificial intelligence; security and connectivity (Jackman et al., 2016). All are related to digital
technologies (e-skills). Nanotechnology is the driving force behind a new industrial revolution
with both the private and public sectors constantly spend more in research, innovation and
commercialization. The expected growth rates and size of the market for nanotechnology
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products is already comparable to the biotechnology sector (OECD, 2018). The initial
nanoscale materials have been used in applications such as window glass, sunglasses, car
bumpers and paints. Presently, the convergence of scientific disciplines (physics, biology,
chemistry, electronics, engineering etc.) as a multidisciplinary field for wider scope and much
diverse applications in materials manufacturing, computer chips, medical diagnosis and health
care, energy, biotechnology, space exploration, security has introduced “NANO” to our daily
lives and is expected to have a significant impact on economy and society, while generates great
opportunities for cutting-edge research in science and for innovation in industrial production
within the next decade. Furthermore, scientific and technology breakthroughs are expected in
the long-term time scale. Nanotechnology increasingly takes the role of an enabling technology
to biotechnology. The competitiveness of global industry depends on the effective use of new
technologies and the knowledge, skills, competences and creativity of its workforce. Shortages,
gaps and mismatches in high-tech skills negatively affect innovation, productivity growth, job
creation and social cohesion. Public policies, education and training systems to react in time
and funding programmes for high-tech skills development, to identify good practices and to
make concrete recommendations for scaling up best practices and re-focusing funding
programmes are necessary. (European Commission, 2019; OECD, 2018; Roco et al., 2011).
Accordingly, scientists have raised concerns that the free particles smaller than one billionth of
a meter as the basic building blocks of NBNT pose a potential new class of risk to health and
the environment (Lauderwasser, 2005).

The motivation for continuous education and training and life-long-learning is the potential key
for developing countries in the world NSNT market and industry workforce. Although NSNT
is well established in academia and industry, the current generation of science teachers have
insignificant exposure to NSNT, and few opportunities to understand the basic concepts
(Andina et al., 2019; Hingant & Albe, 2010; Pas et al., 2019; Winkelmann & Bhushan, 2016).
Since teachers are the force shaping students who will be the citizens of the future they need to
be prepared for these developments in research, innovation and economy based on the new
generation technologies (Jones et al., 2013; Laherto, 2010; Wansom et al., 2009).

Presently NSNT is not in neither the Primary School Science nor Secondary School Biology
curricula. Nanotechnology topics are limited to 12" grade physics and chemistry courses in
secondary schools with two lecture hours (Ministry of National Education Turkey (MoNE),
2013, 2017). There is a similar situation in higher education undergraduate courses in Turkish
universities which offer courses as electives only in engineering and science faculties of few
universities with limited content. However, increasingly more universities have NSNT
education in their graduate level programs; but resources in Turkish are very rare (Ipek et. al.,
2017). NSNT education is still a relatively new field. Therefore, Turkey also needs to adapt
such policies and changes for NSNT education and research. In addition, there is a necessity,
at the international level, to update nanotechnology topics in secondary level physics, chemistry
and biology curricula to incorporate scientific developments (Roco & Bainbridge, 2003).
Having a good NSNT education at primary and secondary levels will be effective in the
students' academic self-development, future career choices, citizen-science, and science
communication (Karatas & Ulker, 2014). The need for research to measure teachers' awareness,
attitudes and knowledge about NSNT was the driver behind our research. Level of awareness
of secondary level school biology, physics and chemistry teachers is evaluated using a cultural
adaptation of the NAI (Nanotechnology Awareness Instrument) developed by Dyehouse et al.
(2008) with validity and reliability to Turkish culture. Our results would contribute to planning
for science teachers’ training needs and draw attention of academia and private sector, research
institutes to NSNT education to start in pre-higher education levels to promote student academic
self-development, future career choices, citizen-science, and science communication for future.
There is no measurement tool to measure Nanotechnology Awareness in Turkish Language.
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Therefore, the purpose of this article is to adapt NAI to Turkish language and to study the
validity and reliability of this Turkish version obtained.

2. METHOD

Research model, study group, data analysis and cross-cultural adaptation of NAI instrument
originally developed by Dyehouse et al. (2018) are presented in this section.

2.1. Study Design

Researchers use different methods for the translation, adaptation and cross-cultural validation
of an original instrument and target culture by considering the differences between the original
source and the target culture while maintaining equivalence of meaning. The process of
translation, adaptation, and cross-cultural validation of an instrument for use on other cultures,
languages, and countries requires careful planning and adaptation of comprehensive
methodological approaches (Sousa & Rojjanasrirat, 2011). The purpose of translation is to
achieve equivalence between the instrument in the original language and the scale in the target
language (Chapman & Carter, 1979). Pilot testing of the pre-final version of the scale is used
to be easily understood by the target population prior to psychometric testing (cognitive
debriefing). Full psychometric testing of the pre-final version of the scale among individuals
from the target population used to establish internal consistency reliability (or sensitivity and
specificity), stability reliability, homogeneity, construct-related validity, criterion-related
validity, factor structure and model fit of the instrument.

2.2. Study Group

The study group consisted of physics, chemistry, and biology teachers participate in distinct
cities. The respondents who were participated in in-service training or a course from a faculty
member on this subject or following scientific journals, documentaries, etc. were selected as far
as possible. The interviews were conducted face to face, and the teachers were asked to write
their own answers to the written documents. The respondents participated in the study
voluntarily. The require ethical approval was taken from Gazi University Ethical Committee
(Date/Number: 19.02.2016 / 81576613/605/1955049).

46.2% (n=288) of the respondents were female and 53% (n=336) were male. The seniority in
the profession distribution was: 1-5 years 17.6% (n=110); 6-10 years 13.9% (n=87); 11-15 years
15.9% (n=99); 16-20 years 18.3% (n=114); 21-25 years 19.7% (n=123); 26 years and over
14.6% (n=91). When the respondents’ branches were examined, 30.6% (n=191) was physics,
25.6% (n=160) was chemistry, and 43.8% was biology. 26% (n=162) of the respondents have
Master’s degree and 2.4% (n=15) have PhD degree. The respondents of 10.1% (n=63) teacher
worked in Science High School, 54.2% (n=338) in Anatolian High School, and 35.7% (n=223)
Vocational High School. The cities where the respondents work were-Antalya (36.2%), Denizli
(34.8%), Burdur (12.7%), and Ankara (16.3%) during 2015/2016 acedemic year.

2.3. The Procedure of the Cross-cultural Validity and Reliability Testing
The process of study is given below;

a. Translation of the original instrument into the Turkish (forward translation or one-way
translation):

Permission to adapt NAI to Turkish culture and use was obtained via e-mail communication
from Dr. Dyehouse (Learning Systems Institute, Florida State University, Tallahassee, FL,
USA).

The original instrument NAI consists of two parts. Part A: Awareness (eight items), Exposure
(six items), and Motivation (five items). The Awareness subscale aims to measure how aware
respondents are of the impact and application of nanotechnology. The Exposure subscale
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measures the respondents’ exposure and experiences with nanotechnology. The Motivation
subscale contains five statements that describe types of related nanotechnology activities. Part
B: Nano-Knowledge (eight items), Nanotechnology Uses and Equipment (seven items). The
Knowledge subscale items included a correct answer and measures knowledge about
nanotechnology facts. The second subscale provides information about how familiar
respondents are with nanotechnology uses and equipment (Dyehouse et al., 2008). We used the
subscales of Awareness and Exposure, with 14 items. Furthermore, Ipek (2017) developed the
additional third subscale with 10 items to measure knowledge about NSNT. These were reduced
to five items after opinions of a field, an education and a measurement and assessment experts
were obtained, and the final version was elaborated. This knowledge subscale aims to increase
reliability of the data collected from the instrument in awareness subscale by improving
sincerity of the responses. In subscale C (knowledge), respondents answer some questions
related to awareness subscale. These questions are presented in the form of fill in the blank and
“open-ended” questions. Responses of teachers to these questions are assessed to determine
their real knowledge level of NSNT.

The NAI in the original language is forward translated to Turkish by two independent
translators. The translators (two academicians and one language editor) speak English fluently
and have in-depth experience in the culture of the source. And, translators have distinct
backgrounds. The first translator is the physics professor who studies in the field of
nanotechnology. So, he has knowledge about nanotechnology terminology, and the subject area
of the construct of the instrument. The second translator is familiar with assessment and
evaluation in education. To achieve equivalence between the instrument in English and the
instrument in the Turkish, well-qualified translators were chosen. The items were first
translated by two with specialty in translation (Version 1 translation a: Vla and Version 1
translation b: V1b).

b. Comparison of the two translated versions of the instrument

The third bilingual independent expert in grammar and language compared the items of the two
forward translated versions (V1a and V1b) of the instrument (V1a and V1b) and both the V1a
and the V1b with the original version of the instrument (NAI) words, sentences and meanings.

c. Blind back-ward (double) translation and comparation of the two back-translated versions
of the instrument

The comparison of the two translated versions of the instrument translated back into English by
four other independent another translator that had never seen the original version of the
instrument with the same qualifications and characteristics. These four experts had
undergraduate degrees in English language and literature. They produced two back-translated
versions of the instrument. This step allowed for clarification of words and sentences used in
translations. The experts compared the translations with the items of the original instrument
NAI regarding format, the grammatical structure of the sentences, the similarity in meaning,
and relevance. The two translated texts were merged, and experts agreed that it was consistent
with the original instrument NAI. A native English speaker expert, who also has good command
of Turkish reviewed the original and translated versions of the instrument and confirmed
consistency of the Turkish version with the original. The equivalence of the items in the scale
in terms of semantic, idiomatic, experiential, and conceptual aspects were reviewed by two
experts in the field. Some items were amended based on opinions of these experts. Thus, pilot
testing of the pre-final version (PF-V) of the instrument was prepared.

d. Pilot testing of the pre-final version of the instrument

The participants whose language is Turkish tested the PF-V of the instrument evaluated the
items of the instrument for clarity. A sample size of 10-40 individuals is recommended for pilot
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testing the instrument (Beaton et al., 2000). Participants response format or any item of the
instrument as unclear asked to provide suggestions as to how to write the statements to make
the language clearer. The sample is 20 students, seniors of English Teacher Program of Faculty
of Education, Akdeniz University were given the Turkish and English versions with a one-week
interval and to confirm consistence/agreement and no problems were reported in
comprehension of the items. The final version (FV) was termed Nanoscience and
Nanotechnology Awareness Scale (NSTAS).

e. Testing the FV of the translated instrument in a sample of the target population

This last step used to establish the initial full psychometric properties of the newly translated,
adapted and cross-validated instrument with a sample of the target population of interest. The
sample depends on the types psychometric approaches that will be used. In general, it is highly
recommended to use at least 10 subjects per item of the instrument scale and item analysis and
exploratory factor analysis. If there is a plan to use confirmatory factor analysis to test the factor
structure of the instrument, the recommendation per rule of thumb is approximately 300-500
subjects per item of the instrument (Tabachnick & Fidell, 2001). To testing the NSTAS in a
sample of the target population was participated 624 teachers form distinct branches (physics,
chemistry, and biology) and cities. Sample size significance for factor analysis was satisfactory.

2.4. Data Analysis

For the FV, factorial structure of the instrument, structural validity, reliability of scale scores
and item discrimination indexes were assessed. EFA and CFA were carried out for construct
validity of the scale. Reliability of the subscales were calculated using Cronbach’s alpha and
stratified alpha coefficient for overall reliability of the scale.

3. RESULT / FINDINGS
3.1. Results of Exploratory Factor Analysis

Kaiser-Meyer-Olkin measure of sampling adequacy (KMO) statistic indicating the proportion
of variance in our variables which might be caused by underlying factors for applicability of
items in Nanoscience and Nanotechnology Awareness Scale (NSTAS) was .92; values around
.90 indicating that factor analysis will be useful (Schermelleh-Engel et al., 2003; Young &
Pearce, 2013). Bartlett’s Test of Sphericity was found to be significant (y%o1 = 6519.27, p <.00);
showing that correlation matrix is not an identity matrix, indicating our variables to be related
and therefore suitable for dimension reduction for creating factors.

Exploratory factor analysis was the first procedure applied to our data set to examine the
factorial structure. Since theoretically only two factors were in the original Instrument, we
limited factors to two in exploratory factor analysis, and in this case, principle axis factoring
method was used as factor extraction method (Tan, 1999). The factor loadings were found to
be above .50 each, indicating strong loadings (Secer, 2013).

Both factors have Eigenvalues above 1 (Table 1), the items gather under the two factors and
explain 59.191% of the total scale variance (Zwick & Velicer, 1986). Our analysis shows that
two factor analysis is appropriate since explained total variations by two factors is very close
to 60% (Bektas, 2015; Deniz et al., 2013).
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Table 1. Total Variances Explained for NSTAS

Items Total Variances Explained
Eigen Value Variance (%) Total (%)
1 7.019 50.138 50.138
2 1.267 9.053 59.191
Scree Plot
&

1 2 3 4 o] 5] 7 g 9 10 1 12 132 14

Factor Number

Figure 1. Scree plot of the eigenvalues of the factors for NSTAS.

The scree plot graph based on Eigenvalues of the factors is depicted in Figure 1, this enables us
to give a final decision on number of factors (Henson & Roberts, 2006). The slope of the scree
plot is in the same direction after factor 2 (Figure 1), verifying the number of factors as two
(Thompson, 2004; Zwick & Velicer, 1986). The first factor is named “Awareness” and the
second “Exposure” keeping the structure of the original Instrument.

Table 2 depicts results of the direct oblimin method where distribution of the items to factors

are investigated since the factors are correlated this oblique rotation employed (Osborne &
Costello, 2005).

Table 2. Distribution of Factor Loadings by Factors of NSTAS Items

Ttems Factors
1 2
A .88
A .87
As .76
Ay .89
As .86
As .56
Ay .53
As 75
B, .39
B: 49
B; .52
B4 .82
Bs .82

Bs 3
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Table 2 shows cluster of eight items in the Awareness factor, and six items in the Exposure
factor. Factor loadings of the items in the first factor ranged between .52 to .87, the second
factor had .39 to .82. There is a positive but moderate correlation between the first and second
factors (r = .58, p < .05). These results are the same as the original factorial structure of NAI
(The two factors of NAI were moderately correlated at 0.52 and NanoAwareness and Nano-
Exposure items, loaded onto factor 2. Pattern coefficients for the second factor ranged from
0.26 to 0.85) (Dyehouse et al., 2008).

3.2. Reliability and Validity of NSTAS Scores

Awareness subscale items have corrected total score correlation coefficients of .69 to .82 in
Table 3.

Table 3. Corrected Item Total Score Correlations for Awareness Sub-scale Items of NSTAS

Items Corrected Item Total Correlation Cronbach’s Alpha If Item Deleted
Ay .78 93
A .79 93
As 77 93
Ay .82 .92
As .82 .92
Ag 72 .93
Ay .69 .93
As 78 93

Exposure subscale items have corrected total score correlation coefficients of .54 to .71 in Table
4. We conclude that total corrected item correlations are satisfactory (very high). In other words,
all items in the sub-scales have very high item discrimination power.

Table 4. Corrected Item Total Score Correlations of B (Exposure) Sub-Dimension Items of NSTAS

Items Corrected Item Total Correlation Cronbach’s Alpha If Item Deleted
B .54 .84
B> 71 .81
Bs; .69 .82
B4 .69 81
Bs .64 .82
Bs .54 .84

Table 5. Internal Consistency Coefficients for NSTAS

Sub-dimension Variance Cronbach’§ alpha Stratified Cronbach’s alpha
Coefficient Coefficient
A: Awareness 67.66 0.93 -
B: Exposure 28.98 0.85 -
NSTAS 152.09 - 0.94

As it given in Table 5, stratified Cronbach’s alpha coefficient (Feldt & Qualls, 1996) of NSTAS
(overall reliability) was found as .94. Calculation of the stratified Cronbach’s alpha coefficient
is the preferred method of reporting reliability estimates when multifactors are concerned (Tan,
2009). Cronbach’s alpha coefficients were found to be .93 for Awareness and .85 for Exposure
subscales, therefore the sub-scales and NSTAS have very high reliability levels.
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3.3. Results of Confirmatory Factor Analysis

CFA was carried out to decide whether the two factors model is confirmed or not. Goodness of
fit indices are depicted in Table 6: ¥2/df =1.344, RMSEA = .07, GFI = .97, CFI = .97, NFI =
.90 and AGFI = .83, all findings are at good and excellent level (Hu & Bentler, 1999;
Schermelleh Engel et al., 2003; Kline, 2005).

Table 6. Comparison of Standard Goodness of Fit Measures and Research Results

e Good Fit Acceptable Fit 000 € Rescanch
y2/df 0<y2/df<2 2<y2/df<3 1.344
RMSEA 0XRMSEA<0.05  0.05<RMSEA<0.08 0.07
NFI 0.95<NFI<1.00 0.90<NFI<0.95 0.90
CFI 0.97<CFI<1.00 0.95<CFI<0.97 0.97
GFI 0.95<GFI<1.00 0.90<GFI<0.95 0.97
AGFI 0.90<AGFI<I.00  0.85<AGFI<0.90 0.83

AGFT value is .83, below the acceptable limit of .85. However, since it is close to the acceptable
limit value of .85 and y2/df value calculated as 1.344, smaller than 3, when we consider the
values given in Table 6, we conclude that the scale has good fit indices (Schermelleh-Engel et
al., 2003). The results confirm the measurement model of NSTAS, given in Figure 2.

96x_AL Je—1"—@D
9 24
95 L@
9 @
o &
252 12 .
o 1@

.88

Figure 2. Confirmatory Factor Analysis Structural Modeling of NSTAS to Awareness (A) and Exposure
(B) Sub-dimensions

As it seen in Figure 2, the Awareness and Exposure factors (latent variables) correlated with
each other. Each observed variable is loaded on the related factor and all factor loadings and
factor correlations in the model were found to be significant. The value of .88 depicting

correlation between the two latent variables confirms that Awareness and Exposure latent
variables are correlated. Standardized coefficients of the measurement model provides view
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that each item (observed variable) is a good representative of its’ latent variable (Celik &
Yilmaz, 2013). In conclusion, the results of CFA show that this measurement model confirms
the structural validity of the NSTAS scores. So, the measurement of applying the NSTAS to
624 teachers for cross-cultural adaptation to Turkish are statistically proven to be valid and
reliable.

4. DISCUSSION and CONCLUSION

The rapid development of nanotechnology and its impact on the economy has led to the focus
on nanotechnology education. Nanotechnology is a relatively new field, and as such is not yet
widely understood by the society. Because it is difficult to train qualified manpower of the
mentioned size easily and in a short time (Laherto, 2010). Many educational interventions are
being implemented to address workforce issues in the field of nanotechnology. When the
literature is reviewed, it is seen that nanotechnology education has started to take its place at
the secondary education level in many developed countries. According to the new researches,
nanotechnology education must start earlier grades such as middle and primary schools. Many
countries, several nanotechnology training materials for the K-12 level have already been
developed. Although the researches and planning the activities on NST education started from
the primary school in USA, Europe and developed countries, NST educational researches are
limited and curricular planning studies are not sufficient in Turkey. Nanotechnology is not
mentioned at all grade levels in the curricula of science courses in primary schools and Biology
courses in secondary schools, currently. The public and the next generations are informed about
nanotechnology are crucial.

To increase the awareness of NST, education and training activities from primary education to
university level should be organized in a conscious and programmed manner. The most
important and first step in this process is to determine the current situation. To determine the
awareness and knowledge levels of biology, physics, and chemistry teachers are working in
secondary schools is a critical and important beginning to show the current situation. However,
there is no Turkish instrument to assess the teachers/students’ awareness of and exposure to
nanotechnology. To address this need, the study of the validity and reliability of NAI in Turkish
culture was conducted. This research is expected to be a source for researchers who will work
on NST in Turkey. The research has been conducted considering the following limitations: The
research calendar is limited to the 2015/2016 academic year. The research is limited to 624
biology, physics and chemistry teachers working in secondary education institutions located in
the city center of Antalya, Ankara, Denizli and Burdur. The content of the research is limited
to the awareness of teachers about the NSTAS subject, its teaching in secondary education, and
the NST Awareness Scale. Research is limited with the resources available.

When developing the original instrument NAI, an explanatory factor analysis (EFA) for the
Awareness, Motivation, and Exposure subscales was conducted to determine what underlying
constructs were being measured. A principal factors analysis with a promax rotation (power=3)
was used. Originally, five factors were retained. However, only four variables loaded onto the
fifth factor. The scree plot revealed a levelling off after three factors. So a 3-factor solution was
obtained. The factor solution indicated that Motivation can be considered a separate construct
from Awareness and Exposure, although the constructs are moderately related. Awareness and
Exposure subscales are similar enough to be considered a single construct. Because being aware
of nanotechnology probably means that one has also been exposed to nanotechnology
(Dyehouse et al., 2008).

Firstly, EFA applied in this study that was investigated the validity and reliability of NSTAS in
Turkish culture. As a result of the eigenvalue, scree plot and explained total variance proportion
examinations, it was determined that the number of scale factors was two as it was in the
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original scale and these two factors explained 59.19% of the total variance of the data. Also,
the items have high factor loadings with related factor in the scale. These factor loading values
and the CFA results show that the adapted instrument provides structural validity in Turkish
culture.

The high “corrected item-total score correlations” for items in both sub-dimensions of NSTAS
indicate that the item discrimination indexes are very high. Also, as in the original scale,
moderate positive correlation ( = .58 p <.05) between the awareness and exposure factors of
NSTAS is another proof that compliance with the original scale structure is achieved.

The original instrument's (NAI) internal consistency Cronbach’s alpha coefficient values were
calculated for the Awareness scale was 0.91 and for the Exposure scale was .82. These
coefficients showed a satisfactory level of internal consistency reliability (Dyehouse et al.,
2008). The stratified alpha coefficient (.94) for the reliability of the NSTAS scores, Cronbach-
alpha coefficient for the awareness (.93) sub-scale scores and Cronbach-alpha coefficient for
the exposure (.85) sub-scale scores showed that the adapted scale was highly reliable (Ozdamar,
1999). For this reason, the Turkish version of the scale, composed of 14 items, gives valid and
reliable results.

Furthermore, the model fit indices were tested with CFA and model goodness of fit indices
were found to be good and excellent (see Table 6) (Schermelleh Engel et al., 2003). During the
data collection process and the interviews with teachers, the participants stated that the newly
developed knowledge sub-scale (C) section by the authors was a very effective approach to
increase the reliability of the scale scores. In the scale development to measure especially
affective domain, it is considered to be useful to use such sub-scale (C) that will verify the data
obtained to increase the reliability of the scale or sub-scale scores.

As a result of the validity and reliability findings, the adopted scale can be used to determine
the nanoscience and nanotechnology awareness of the secondary school biology, chemistry and
physics teachers in Turkey.

The practical implication of this instrument may be able to determine the teachers and students'
awareness of and exposure to nanotechnology. And it may be able to use to gather information
about whether a program is effective for increasing their awareness and knowledge. Knowing
the degree to which programs increase teachers/students’ awareness, knowledge, and
motivation will also aid in making curricular design decisions. Nanotechnology as a field of
study or career provides opportunities for the next generation. This instrument may also be a
valuable tool for students to draw attention nanotechnology as a field of study and carrier.
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6. APPENDIX

Nanotechnology Awareness Instrument (NAI, Turkish version)

Sayin Katilimci:

Asagidaki farkindalik olgeginde Nanobilim ve Nanoteknoloji (NBT) ile ilgili ifadeler
bulunmaktadir. Her ifadenin karsisinda bes (5) cevap segenegi vardir. Her ciimleyi okuduktan
sonra ctimledeki ifadeye ne diizeyde katiliyorsaniz, o cevap segcenegini (X) isaretleyiniz. Cevap

segenekleri arasinda dogru ya da yanls cevap bulunmamaktadir. Liitfen hicbir ifadeyi bos

birakmaviniz. Katkilariniz icin tesekkiirler.

Farkindalik olgegini cevaplamadan once asagidaki kisisel bilgilerinizi doldurmanizi vica

ederiz.
1. Cinsiyetiniz: E (), K (). 6. Gorev Yaptiginiz Okul Tiirii:
Fen Lisesi ()
2. Meslekteki Kidem Yiliniz: Anadolu Lisesi ()
1-5yil: () Meslek Lisesi ()
6-10 y1l: ( )
11-15y1l: ()
16-20 y1l: () 7. Nanobilim ve Nanoteknoloji ile ilgili bir
25 yil ve uzeri: () hizmet i¢i egitim aldiniz m1?
Evet ()
3. Branginiz: Hayir ()
Fizik (), Kimya (), Biyoloji ().
4. Mezun Oldugunuz Okul: 8. Takip ettiginiz bir bilimsel yayin
Yiiksekokul () (“Bilim ve Teknik Dergisi” vb.) var
Fakiilte () mi1?
Egitim Enstitiisii () Evet ()
Yiiksek Ogretmen Okulu () Hayir ()
Diger () cevveneiiiiiiiiiiiee 9. Bilimsel alanda belgesel yayin1 veya

programi takip etme sikliginiz nedir?
Her zaman ()

5. Ogrenim Durumu: Cok sik ()
On Lisans @) Ara sira ()
Lisans (') Nadiren ()

Yiiksek Lisans ()

Hicbi
Doktora ( ) igbir zaman ()

10. Gorev Yaptiginiz Sehir:

6. Gorev Yaptiginiz Okul Tiirii: %ntql}ig 0
Fen Lisesi () enizli ()
Anadolu Lisesi () Burdur ()
Ankara ()

Meslek Lisesi ()
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A. Asagidaki olcegi kullanarak, olcekte yer alan ifadelere katihm diizeyinizi her bir
madde icin liitfen belirtiniz.

Kesinlikle
Katilmiyorum
Kararsizim
Katiliyorum
Kesinlikle
Katiliyorum

Nanobilim ve Nanoteknoloji Farkindalik Olgegi

Katilmiyorum

1. Nanodl¢ek boyutunda bir nesne adi sOyleyebilirim.

2. Nanoteknolojinin hayatim1 dogrudan etkileyen bir
yOntemini sdyleyebilirim.

3. Bugiinlerde nanoteknoloji arastirmasi yiiriiten bir ¢caligsma
alan1 ismi sdyleyebilirim.

4. Nanoteknolojinin topluma/insanliga faydali olabilecek bir
yontemini tanimlayabilirim.

5. Bir nanoteknoloji uygulamasinin adin1 sdyleyebilirim.

6. Nanoolcekte nesneler tiretmek icin kullanilan bir yontemi
tanimlayabilirim.

7. Nanodlgekte 6l¢iim yapmakta kullanilan bir arag ismi
soyleyebilirim.

8. Gelecekte nanoteknolojinin  hayatimi  dogrudan

etkileyebilecek bir yontemini soyleyebilirim.

B. Asagidaki ol¢egi kullanarak, olcekte ifade edilen faaliyetlere katilm diizeyinizi her bir
madde icin liitfen belirtiniz.

Nanoteknoloji deneyiminiz (ile etkilesiminiz) nedir?

Hicbir zaman
Nadiren
Ara sira
Cok sik

Her zaman

Nanoteknoloji terimini duydum.

Nanoteknoloji hakkinda bir seyler okudum.

Nanoteknoloji hakkinda bir program izledim.

Smaifta bir (veya daha fazla) 6gretmen/6gretim
elemaninin nanoteknoloji hakkindaki konusmalarini
dinledim.

Nanoteknoloji konusunun iglendigi bir etkinlige
katildim (laboratuvar ¢aligsmasi, proje, seminer,
konferans).

Nanoteknoloji hakkinda bir ders aldim.




Ipek, Atik, Tan & Erkoc

C. Asagidaki sorular Nanobilim ve Nanoteknoloji hakkinda bilgi diizeyinizi belirlemek

amactyla hazirlanmistir. Nanobilim ve Nanoteknoloji konusu son yillarda oldukca giincel

olmasina ragmen bu kavramlar ve uygulama alanlar1 olarak olduk¢a yeni oldugundan sorulari

eksiksiz ve dogru olarak yanitlamaniz beklenmemektedir. Amag sizleri test etmek ve

degerlendirmek degildir. Amacimiz sizlerin Nanoteknoloji hakkinda varsa bilgi diizeyinizi

belirlemektir. Aragtirmada sizlerin kimliklerini belirleyecek ifadelere ve sorulara yer

verilmemistir. Katiliminiz ve sorulara verdiginiz samimi yanitlardan dolay tesekkiir ederiz.

1. Nanometre, metrenin ................eevvennnn... birine denk gelir.

2.

Nanometre boyutunda nesnelere ornek olarak ...

verilebilir.

. Nanodlgek boyutunda nesnelerin  Olgiilmesinde  kullanilan  araglardan  biri

Nanoteknolojinin birgok uygulama alani bulunmaktadir. Ayrica farkli alanlarda
kullanilan Nanoteknoloji yontemleri ile gelistirilen malzemeler ve araglar
bulunmaktadir. Asagiya bildiginiz Nanoteknolojinin uygulama alanlar1 ile bu alanda
gelistirilen malzeme veya arag¢ ad1 yazabilir misiniz?

Uygulama alani Gelistirilen malzeme veya arac

. Nanoteknoloji uygulamalari tarafindan gelistirilerek gelecekte insanlari dogrudan veya

dolayli olarak etkileyecek bir malzeme veya araca drnek verir misiniz?



