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Abstract

Nanotechnology has been applied in various fields of human life today. However, efforts to
integrate nanotechnology into the curriculum in Indonesia are insufficient, including in higher
education. The research was conducted to reveal the level of literacy of science students and
faculty member at university level in Indonesia. The research method in this study is a cross-
sectional survey design with a total of 63 science lectures and 388 students from 22 universities
in Indonesia who are participated in this study. The literacy level of student and lecturer's
perspective was analyzed from research instrument that consists of 16 questions test items in
multiple choice forms. Descriptive statistics method used to analyze literacy level of science’s
students and descriptive analysis used to analyze faculty member perspective toward
nanotechnology. This study found that the highest literacy level toward nanotechnology in
student university level was chemistry students (43,789) and the lowest is biology students
(29,579). It means that the understanding of nanotechnology, which is more directed to the field
of biology is not widely studied by the student’'s in university level. Faculty members have
perspective about nanotechnology are not integrated nanotechnology into classroom. They
believed that nanotechnology is an important issue that must be directly available with curriculum
system in education. This study contributes to primary research about nanotechnology
implementation in education as a part of the need of 215t century.

Keywords: science students, faculty members’ perspective, nanotechnology, 215t century

education

INTRODUCTION

Nanotechnology-based nanomaterials have ushered
in a new era of technology that will have an impact on
all aspects of human life. Nanotechnology is the science
and technology of small things (100 nm) with new
chemical and physical structures, as well as increased
reactivity and solubility (Malik et al, 2023).
Nanotechnology refers to technological advances and
developments in the molecular, atomic, and
macromolecular fields (An et al, 2022) that can
potentially play a decisive role in shaping a country’s
competitive advantage. Nanotechnology has some

certain role in human life such as its potential
applications in agriculture (Arora et al., 2022; Neme et
al., 2021; Vijayalakshmi et al., 2017), medicine (Singh &
Amiji, 2022), cosmetics (Fakhravar et al., 2016; Santos et
al., 2019), health (Capurso et al., 2010; Huang et al., 2017;
Li et al., 2021) and even treatment for cancer (Alrushaid
et al., 2023). A dominant position in nanotechnology
implies a significant window of opportunity for a
developing country to move closer to the global
technological-economic frontier. This is because such a
system not only allows for the creation of first-mover
advantages in new, potentially fast-growing sectors but
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Contribution to the literature

e This research provides an overview of science students' perceptions of nanotechnology and faculty

members' responses to nanotechnology learning.

e Theresults of the research can be used as a consideration for the integration of nanotechnology in learning,
especially science to empower nanomaterial literacy.
e Appropriate contribution suggestions form community communities that have good knowledge of

nanomaterials.

also aids in the advancement of technology in a wide
range of sectors (Niosi & Reid, 2007).

Furthermore, higher education has an important role
to provide an understanding of technological advances
including nanotechnology. The main subjects who play
an important role are lecturers and students of science
because nanotechnology is closely related to the field of
science. Some countries have been integrating
nanotechnology into their curriculum, such as in
primary education in Greece (Mandrikas et al., 2020) and
Taiwan (Yu & Jen, 2020), and undergraduate programs
(Mutambuki, 2014; Shabani et al.,, 2011). The current
literature on nanotechnology integration into school
science curricula presented seven key categories of
discussion: the origins of nanotechnology, challenges for
educational implementation, currently available school
activities, current consumer product applications, ethical
issues, educational policy recommendations, and
nanotechnology implications (Ghattas & Carver, 2012).
Furthermore, the lack of studies in the literature on
nanotechnologies in higher education is highlighted in
the final critical discussion. The implications for future
research as well as suggestions for nanotechnology
curriculum development in Indonesia are considered.

Global public’s perspective toward nanotechnology
has been studied abroad. A study conducted by Yale law
school’s cultural cognition project assessing public
perceptions of nanotechnology. The findings revealed
that demographic and cultural factors influenced the
public’s perception of risk to the point, where destroying
public trust was easier than gaining it, especially when
leaders failed to accept responsibility for any negative
externalities that may have occurred (Aluya, 2015).
Another study specifically looked at the perceived risk
of nanotechnology among a group of American students
(n=102) enrolled in three nanotechnology-focused
material science engineering courses. Students took a
risk perception survey, and a subsample (n=21) was
interviewed. It was discovered that perceptions of the
risks and benefits of nanotechnology were closely
related to specific groups of applications, such as
common consumer products, health-related products,
and advanced technological applications (Gardner et al.,
2010). Also, study by Peikos et al. 2023) focus on
students” perception of conceptualization or size in the
context of nanoscale science and technology (NST) and
explanation of the lotus effect (superhydrophobic).
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Meanwhile, science teacher’s perception into nanoscale
technology secondary learning have been studied by
Laherto (2011). Sakhnini and Blonder (2015) also
interviewing 82 expert on NST, which focuses on the
necessary of nanotechnology content in secondary
learning. The result is that respondents provide support
for nanotechnology learning in secondary learning.
Furthermore, no study reveals students’ literacy toward
nanotechnology mnor faculty members’ perspective
toward nanotechnology-based instruction. And also,
there is an increasing need to educate citizens and
students about the risks, benefits, and social and ethical
concerns associated with nanotechnology.

This papers’ contribution to literature is provides an
overview of science students’ perceptions of
nanotechnology and faculty members’ responses to
nanotechnology learning, the results of the research can
be used as a consideration for the integration of
nanotechnology in learning, especially science to
empower nanomaterial literacy, and appropriate
contribution suggestions form community communities
that have good knowledge of nanomaterials.

METHOD

Research Design

This study adopted a cross-sectional survey design
(Cresswell, 2011). This cross-sectional survey design in
this research was conducted in July 2019. This study
aims to determine the science student literacy and
faculty member perceptions in university level
regarding nanotechnology. The design was chosen
based on the fact that is easier for researcher to measure
and observe variable at the same time.

Participants

A total of 63 science lectures and 388 students
participated in this study. Participants were taken from
22 universities around Indonesia. The lectures and
students who participated in this study were asked to be
willing to become research subjects, then the research
design and objectives were explained. The participants
from lecturers are lecturers in the Faculty of
Mathematics and Natural Sciences, State University of
Malang, science lecturers at various universities in
Indonesia, as well as doctoral students who are currently
teaching at various universities in Indonesia.
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Table 1. Student respondents” demography

Table 2. Faculty member respondents” demography

Criteria Groups n Percentage (%) Criteria Groups n Percentage (%)
Gender Male 53 13.66 Gender Male 26 41.27
Female 335 86.34 Female 37 58.73
Age 17-20 191 49.23 Degree Master 44 69.84
21-23 194 50.00 Doctor 9 14.29
24-27 3 0.77 Teaching >5 23 36.51
Department  Biology 273 70.36 experience 5-9 15 23.81
Chemistry 74 19.07 10-19 11 17.46
Physic 17 4.38 20-30 11 17.46
Science 15 3.87 >30 3 4.76

Pharmacy 9 2.32

The demographic data of science students are
differentiated by gender, age, and department. Most
respondents are women with 86.23% with an age range
of 21-23 as much as 50.00%.

A total of 70, 36 respondents came from the biology
department. Demographic features of the student
participants’ criteria can be shown in Table 1.

Meanwhile, the data of lecturer respondents are
differentiated based on gender, degree, and teaching
experience. Most respondents were female (58.27%) and
hold master’'s degree certificates (59.73%). Most
respondents have teaching experience of more than five
years (36.51%). Demographic features of the faculty
member participants’ criteria are shown in Table 2.

Instruments & Data Collection

The instrument for collecting data on the level of
student knowledge of nanotechnology is multiple choice
questions with five choice items. This instrument
consists of 16 test items was declared valid with the
reliability value of Cronbach’s alpha 0.588. The lecturer’s
perspective data instrument on learning to build
nanotechnology knowledge consists of 16 question
items. This instrument is multiple choice questions,
which can be answered with more than one choice. This
instrument is used to determine the perspective of
science lecturers in Indonesia on learning to develop
nanotechnology knowledge

The research instrument was created on a Google
form, the link was then shared via WhatsApp. The main
reason for using this tool is because lecturers and
students have familiar to use this platform in their daily
activities. As an ethical consideration, faculty members
also have the right not to fill out the questionnaire-filling

the questionnaire that was based on faculty member
volunteerism. The data that has been provided was also
kept confidential and anonymous.

Thus, the selection of respondents in this study was
carried out using the snowball sampling technique.

Data Analysis

The data that has been obtained is initially checked,
sorted, and discarded if there are two or more identities
of the same lecturers and students. In addition,
participant data were also excluded if they were not
science lecturers. Quantitative data regarding the level
of students’ knowledge of nanotechnology were
analyzed using descriptive statistics, while lecturer data
regarding the learning perspective to build knowledge
of nanotechnology were analyzed using quantitative
descriptive analysis.

Data on the level of student knowledge of
nanotechnology was previously tabulated to be tested
for homogeneity and normality, then a different test was
performed using ANOVA. Lecturer data regarding the
learning perspective on nanotechnology is presented in
the form of a bar that shows the percentage of lecturer
responses to learning needed to develop students’
knowledge of nanotechnology.

RESULTS & DISCUSSION

Data on students” knowledge of nanotechnology was
then analyzed using quantitative descriptive to
determine the number of samples, mean, maximum
value, and minimum value (Table 3). Previously, data
homogeneity (0.061) was carried out, and resulted as
homogeneous.

Table 3. Literacy levels of students in science major toward nanotechnology

n Mean Standard deviation Standard error

95% Confidence interval for mean

Minimum Maximum

Lower bound = Upper bound
1=Biology = 273 29.579 10.9009 .6598 28.280 30.878 6.3 68.8
2=Chemistry 74 40.146 12.6629 1.4720 37.212 43.080 6.3 62.5
3=Physics 17 31.276 11.6860 2.8343 25.268 37.285 12.5 50.0
4=Science 15 34.200 16.1683 41746 25.246 43.154 6.3 56.3
5=Pharmacy 9 43.789 5.3983 1.7994 39.639 47.938 31.3 50.0
Total 388 32177 12.2354 .6212 30.956 33.398 6.3 68.8
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Table 4. Summary of students’ literacy levels in science
major toward nanotechnology significance

SS df MS F Sig.
Between groups 7,830.991 4 1,957.748 14.965 .000
Within groups  50,104.960 383 130.822
Total 57,935.951 387

Note. SS: Sum of squares & MS: Mean squares

Already appropriate [N 22.00%
Already but not suitable | 73.00%

Unknown [l 4.80%

Figure 1. Have you considered the demands of 21t century
life skills? (Source: Survey result)

Cooperative learning = 1.60%
STAD = 1.60%
Role play, debate, etc = 1.60%
Emphasizing on skills and ending with the...m 1.60%
Collaborative learning and Socratic dialogue ™ 1.60%
SCL = 1.60%
Scientific approach with Inquiry, PBL,. 510%
Learning with assignments and group. .. 56.60%

Direct instruction with lecture method

27.00%

Figure 2. What approaches and learning methods are
chosen to design and implement learning? (Source: Survey
result)

Next, the analysis using the parametric statistical
ANOVA test was performed to differentiate the
knowledge levels (Table 4).

Faculty Members’ Perspective Toward
Nanotechnology

A total of 63 science lecturers from 22 universities in
Indonesia were given a questionnaire to determine their
knowledge of nanotechnology. The data obtained were
then analyzed descriptively. The results of the study are
presented, as follows.

Fulfilling demands of 215 century skills in learning &
learning methods

Figure 1 shows the results for the question: “Have you
considered the demands of 215 century life skills?”

Figure 2 shows the results for the question: “What
approaches and learning methods are chosen to design and
implement learning?”

Utilization of information & communications
technologies in learning

Figure 3 shows the results for the question: “Is the
learning in the courses you are capable of integrating
information & communications technologies (ICT)?”

Figure 4 shows the results for the question: “IWhat is
the form of integrating ICT in learning?”
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Every learning uses [CT I 12.70%
Often I 61.90%
Sometimes  INEEEEGEG——— 25.40%

Notatall  0.00%

Figure 3. Is the learning in the courses you are capable of
integrating ICT? (Source: Survey result)

Flip classroom I 16%
Teaching materials in the form of applications |INEGEG_—GIEGN 29%
Internet for browsing teaching materials. . EEG—| 79%
PPT for explanation/lecture  IEEEEEEG—G— 767

Figure 4. What is the form of integrating ICT in learning?
(Source: Survey result)

Only occasionally or when needed 1l 5%
Only a small part of the material NN 8%
On some material I 76 %

Using ICT in every meeting [N 11%

Figure 5. How often is the use of ICT applied to support the
learning process? (Source: Survey result)

Others
Kahoot, Quiziz
Observation

2%
2%
2%
2%
2%
2%
2%
2%

Whiteboard to explain during lecture 1 2%

Institutional e-learning platform u 2%

Whiteboard to explain during lecture e —_ —— 54

LCD to display PPT when giving explanations. 75%
Media in the HP application ~ — 35%
Browsing (website, journal, youtube) 94%

Microbiology practicum
E-learning

Googleclassroom and e-learning
Film

Institutional e-learning platform

Figure 6. What kind of activities do you do in class? (Source:
Survey result)

Frequency of information & communications
technologies use in learning

Figure 5 shows the results for the question: “How
often is the use of ICT applied to support the learning
process?”

Figure 6 shows the results for the question: “What
kind of activities do you do in class?”

Activities in class

Figure 7 shows the results for the question: “Does it
need to be given the material on nanotechnology in your
learning?”

Figure 8 shows the results for the question: “Is the

course that you are fostering include a subject/topic about
nanotechnology?”
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Itis necessary ~IEEG—_——— 16%
Need | 7%
Less necessary  EG_—_m—— 16%
Noneed 0%

Figure 7. Does it need to be given the material on
nanotechnology in your learning? (Source: Survey result)

There isn't and there really doesn't need tobe  0.00%

Nothing in particular but can be related  IEGEG— 1.90%
Obviously there I 11.10%
Thereisn't any [N 27.00%

Figure 8. Is the course that you are fostering include a
subject/topic about nanotechnology? (Source: Survey
result)

Really need and expect someone to develop [ R G-
Need and want to make your own [ I 11%
Need, if anyone provides [ RGN 253

No need, just a textbook 0%

Figure 9. Do you expect that learning materials or media in
the form of interactive content will be available on the
mobile application? (Source: Survey result)

Module. Website links, and interactive facilities
in the mobile application

[ —— T

Modules equipped with interactive facilities in
mobile applications

I 7%

Modules that can be downloaded in the
application or website

I 5%

A complete explanation of the content in the
form of modules

I 155

Figure 10. What form of teaching materials or media do you
expect? (Source: Survey result)

Urgency of developing teaching materials on
nanotechnology

Figure 9 shows the results for the question: “Do you
expect that learning materials or media in the form of
interactive content will be available on the mobile
application?”

Figure 10 shows the results for the question: “What
form of teaching materials or media do you expect?”

Figure 11 shows the results for the question: “What
are the detailed forms of nanotechnology learning media that
you hope to illustrate the nanotechnology process?”

Perspectives on nanotechnology video & animation in
mobile phones

Figure 12 shows the results for the question: “IWhat do
you think about the use of video and animation in
nanotechnology learning media that are applied to mobile
phones?”

Accompanied by the linkage of biotechnology

with everyday life and the form of its...

B 2%

Modeling with live models  [INNEREGGG— 575

Motion animation - |G o5t

Schematic illustration in the form of pictures [ INEEIINEGG_G_— 35

Figure 11. What are the detailed forms of nanotechnology

learning media that

you hope to

illustrate the

nanotechnology process? (Source: Survey result)

No effect
Help students see data clearly
Help students clarify technological processes

Disturbing concentration

0.00%
I > 6%
I 17.40%

0.00%

Figure 12. What do you think about the use of video and
animation in nanotechnology learning media that are
applied to mobile phones? (Source: Survey result)

It's the same as conventional teaching materials ~ 0.00%

Very interesting because it can be a complete
learning resource
No need because it's prone to
misunderstanding

I 07.80%
1 2.20%

Not in demand because it is not practical ~ 0.00%

Figure 13. What do you think if there is a module equipped
with access to online learning resources? (Source: Survey
result)

Want to try to develop yourself I 12.80%

Really hope someone will provide  IEEEEEEEEGEG—_——— 68.10%
Will try to use if available IEEGGEGEGEGNGGNNN 31.90%

Noneeded  0.00%

Figure 14. What is your opinion regarding the use of online
nanotechnology learning materials and media that are
applied to mobile phones? (Source: Survey result)

Figure 13 shows the results for the question: “IWhat do
you think if there is a module equipped with access to online
learning resources?”

Figure 14 shows the results for the question: “What is
your opinion regarding the use of online nanotechnology
learning materials and media that are applied to mobile
phones?”

Figure 15 shows the results for the question: “If there
are parties who develop nanotechnology learning materials
and media in the health sector, what are your comments?”

Figure 16 shows the results for the question: “What
are your comments regarding the costs of developing and
using a mobile application in the health nanotechnology
field?”
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Should be available in the form of a mobile
application

Should be easily accessible via the internet | NNRNRNRIGIIDDIEDEEE 5%

[, 47%

Totally agree and want to use [ NNRNREEEIN 1%

Figure 15. If there are parties who develop nanotechnology
learning materials and media in the health sector, what are
your comments? (Source: Survey result)

Willing to pay for further development [l 8.70%
If fasting is not too expensive [ NRNRNRGTE 25.10%
Should be available for frec | ©3.00%

Figure 16. What are your comments regarding the costs of
developing and using a mobile application in the health
nanotechnology field? (Source: Survey result)

Faculty Members’ Suggestions for Further
Development

Accordingly, the lecturer suggested to develop
mobile or computer applications containing
nanotechnology that are easily accessible. The
development of learning media for biological materials
has been widely developed (Nurafifah et al., 2017;
Widiansyah et al., 2018), and nanotechnology is one of
the priorities going forward. As the pointed out,

“Made in an easily accessible application” (faculty
member 1).

Application content is also a highlight, as educators
expect applications developed to be easy to understand,
learn, and teach students.

“Can represent concepts in nanotechnology in
detail. Coherent explanations from easy to
difficult, are arranged schematically. It's easy to
access and free, or if it costs you try not to burden
it” (faculty member 2).

Another educator responds that learning about
nanotechnology is expected to develop 21st century
skills. According to Organization for Economic Co-
operation & Development (OECD), there are four main
21st century skills, namely, critical thinking and problem
solving, creativity and innovation, communication, and
collaboration (OECD, 2019; P21, 2015).

“It needs to be developed so that it can help
lecturers and students in lectures and can develop
21st century learning skills” (faculty member 3).

Other educators expect training related to the
utilization and use of nanotechnology applications. As
she/he stated,
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“In the dissemination process, training or training
on how to manufacture and use it involves all
stakeholders after the product is successfully
made” (faculty member 4).

DISCUSSION

We separate the discussion into two sub-themes, the
first is students” knowledge of nanotechnology and the
second is the lecturer’s view of the urgency of teaching
nanotechnology materials in learning systems.

Students’ Literacy Levels Toward Nanotechnology

Based on the results of data analysis, it was found that
the highest level of student wunderstanding of
nanotechnology was chemistry students (43,789).
Meanwhile, biology students have a low understanding
(29,579). Whereas biology is closely related to
nanotechnology (Reisner et al., 2014). Advances in
nanotechnology in the scope of biology are the main
capital for the development of nanomedicine (Wong et
al., 2013), molecular biology (Jain, 2003; Mohanty et al.,
2009; Santos et al., 2019), genetic engineering (Mirén-
Barroso et al., 2021), DNA expression, and cellular
signaling (Reisner et al., 2014). Nanotechnology
provides technological tools and platforms for the
investigation and transformation of biological and
biological systems offering inspiring models and
biologically assembled components in nanotechnology
(Roco, 2003). For example, nanotechnology is used to
characterize single molecules or cells and the study of
the use of nanoscale pores that can be distinguished
between molecules based on their size and biochemical
characteristics. (Wong et al, 2013). Moreover, the
advancement of nanotechnology can be seen in the rapid
changing of genetic molecular research, such as CRISPR
Cas-9 (Ahmar et al., 2021; Demirer et al., 2021).

Furthermore, there are arguments emphasizing the
significance of students achieving nanotechnology
literacy. The basic idea is that all citizens will require
some level of “nano literacy” to get information and be
responsible opinions on issues arising from
nanotechnology advancements that affect their daily
lives. For example, in a purpose to end the COVID-19
pandemic, people were asked about their decision to get
vaccinated or not. A typical example was the modern
mRNA vaccines that were based on nanoparticles and
were developed due to the advancements in
nanotechnology (Rangayasami et al., 2021), leading to
public misconceptions. It is evident in public dialogue,
that misunderstandings are exposed and spread quickly
on social media. For example, some people claim that
this vaccine can cause changes in the recipient’s genome
through the injected RNA (Loffler, 2021).

Additional arguments emphasize pedagogical
benefits, which are linked to student interest in science.
Nanotechnology is close to everyday phenomena
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making a great opportunity for learning more interesting
and meaningful (Spyrtou et al., 2021). For example,
when students go to the beach, they study sunscreens
that contain nanoparticles (Nasir et al., 2014; Osmond &
Mccall, 2016). Or in a laboratory context, when they
study plant breeding through genetic engineering
(Demirer et al, 2021). The introduction of
nanotechnology applications in the classroom,
combined with the underlying scientific principles, can
guide students to interpret the modern technological
world and can also increase their interest in science.

So far, science learning has been separated from
everyday life (Kdhkonen et al., 2011). Furthermore, it is
important to integrate nanotechnology content into the
curriculum in schools (Ghattas & Carver, 2012;
Mutambuki, 2014). Education is considered to be the
main way of bridging the gap between the needs of the
workforce and the field of research. Moreover, as NST
has attracted wide public interest and media attention,
discussing these topics in schools can also contribute to
science and technology literacy indirectly by motivating
young people to study related disciplines in general
(Laherto, 2010).

Faculty Members’ Perspective Toward
Nanotechnology

The main finding of this study is that educators have
not integrated nanotechnology into classroom learning.
This is following the finding Ipek et al. (2020), which
state that nanotechnology is not yet available directly in
the school curriculum system in  Turkey.
Nanotechnology-related issues are mentioned and asked
spontaneously in class. In addition, these faculty
members make a personal effort to teach topics relevant
to nanotechnology as needed.

Also, respondents gave positive support for the
development of nanotechnology mobile apps. Mobile
learning apps containing nanotechnology materials are
needed to develop students’ understanding of
nanotechnology. The use of mobile learning apps can
improve understanding and academic achievement
(Demir & Akpinar, 2018; Mergany et al, 2021;
Mohammad et al., 2016). This situation is considered
natural by researchers because young people are called
“digital natives” (Wishart & Thomas, 2015). Quick access
to information, anywhere and anytime learning,
interacting with friends, and facilitating learning are
observed as important key points of mobile learning
(Demir & Akpinar, 2018) and make students more
interested and motivated and interested in the material.
The mobile learning application enhances the learning
effect and enhances the learning process (Huang et al.,
2014; Wishart & Thomas, 2015). Students emphasized
that they wanted further mobile learning experiences
such as doing homework on a mobile device, more
activities on a tablet computer, and developing
animation on a tablet computer. Also, nanotechnology is

an abstract and invisible object of study that needs to be
visualized in the form of mobile learning apps.

Although learning nanotechnology is not the main
goal of education, this topic is very worrying. Learning
that aims to improve the literacy skills of students in
Indonesia (i.e., digital literacy, environmental literacy,
and science literacy) has been wide range studied, as
well as nano literacy should. Integrating nanotechnology
in science curricula has been done by some countries,
especially in primary, as well they are in basic education.

For example, primary faculty members trained in
NST focus to make faculty members able to define the
nanoscale by its size range, the landmark objects that
include, the tools that render the objects visible,
acknowledge that electron microscopes can be used for
viewing nanoscale objects, understand that models
represent properties of macroscale, microscale, and
nanoscale objects; realize that models can be used to
obtain information about inaccessible targets (Spyrtou et
al, 2021). Meanwhile, the training conducted for
secondary  education  educators  focuses on
understanding the basics of nanophotonic. The course
also concluded with a presentation on nanotechnology’s
future visions (Laherto, 2011).

CONCLUSIONS & RECOMMENDATIONS

Nanotechnology has certain role in many sectors of
human life. Therefore, nanotechnology literacy should
be an important part of educational goals. This is so that
people can wisely utilize and manage products that use
nanomaterials. This study found that the highest literacy
level toward nanotechnology in student university level
was chemistry students (43,789) and the lowest is
biology students (29,579). It means that the
understanding of nanotechnology, which is more
directed to the field of biology is not widely studied by
the student’s in university level. Science learning at
universities does not integrate nanotechnology materials
explicitly, so their understanding is still lacking. Only
some science materials intersect with nanomaterials,
especially chemistry programs.

Meanwhile, based on the survey to 63 faculty members
shows they were concerning about nanotechnology
learning. Most of them stated that they had implemented
the nanotechnology learning but did not use appropriate
teaching materials, therefore they expected and
suggested the development of ICT-based learning media
on the topic of nanotechnology. Also, efforts to develop
students’” understanding of nanomaterials and nano
literacy should be encouraged. Therefore, an effort is
needed to integrate nanotechnology into the education
curriculum, especially higher education. Based on this
study, educational units and educators need to develop
and provide nanotechnology learning media that are
effective, innovative, and able to develop students’
understanding of nanotechnology and 21t century skills.
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Since this study only reveals the level of nano-literacy
and the perspective of faculty members toward
nanotechnology, we cannot provide an overview of
effective learning strategies for teaching
nanotechnology. Therefore, the implementation of
nanotechnology learning is still questioned. Also, we
suggest that it’s crucial to is the conduct of research and
development of teaching materials and nanotechnology
learning media that utilize ICT.

As the empirical studies suggest, ICT-based learning
could improve students’ motivation, effective in use, and
can be assessed anywhere and every time students need
it. Through this study, it is hoped that people’s
understanding and literacy toward nanotechnology and
nanomaterials will be increase and have a good impact
on human life.
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