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Bringing Nanotechnology to the Public through special Exhibition:
“The Invisible Scale”
Mei Tsen Chen, Ying Cheng Yen
National Science and Technology Museum,
Taiwan

Abstract
Many countries focus on nano research and education since R. P. Feynman provided
inspiration for the field of nanotechnology in a breakthrough talk in 1959. In Taiwan,
National Program of Nanotechnology (NPNT) is supported by National Science
Council (NSC) from 2003, and makes valuable contributions in various fields during
the past decade. From 2012 to 2015, National Science and Technology Museum
(NSTM) will develop a nano exhibition. The theme of the exhibition in every year
will be the following highlights of research which includes Biomedicine, Energy
Technology and Traditional Industry; and a completely exhibition including the three
themes will open after these 3 years.

The exhibition was named “The Invisible Scale”, which shows the tiny size of nano
scale. The theme of the 1st year exhibition is Biomedicine; we use video and
mechanical exhibits to introduce people the application of nanotechnology in cancer
treatment. Besides, visitors can operate some interesting hands-on exhibits to learn
knowledge and observe some phenomena about nano. Through this interactive
exhibition, we hope to spark people’s interest in new technology. During the process
of transforming nano knowledge to an exhibition, we found that combination and
connection of science education, nano research and daily life is the most important
work in the process of developing this exhibition. This article will share our
experience of developing exhibit in NSTM.

Keywords: Nanotechnology, science museum

I. Foreword

National Science and Technology Museum (NSTM) was appointed to develop a

“nano exhibition” from 2012, and develop a completely exhibition in three years. The

process of developing this exhibition is very complicate, because we need to make an
19



effort on combining and transforming many resources. We need to make strategies,
topic and construction of every year, and also need to combine the achievements of
other subprogram in NPNT. This research will provide the 1st year experience of
planning the special exhibition: “The Invisible Scale”.

I1. Learning in science museum

Exhibits in science museum are very different from teaching materials in school. In
the process of designing exhibits, we need to think: what do audience and children
need? How to make an attractive and systemic exhibition? How to present scientific
content? Basically, children operate the scientific exhibits because it’s fun and
interactive, so they are willing to learn the principles from the exhibits. If the process
of learning is pleasant, they will want to get more.

American educator J. Dewey had been referring a concept that learning is through
“discovery” and “exploration”, and Bruner further advocate the “discovery learning”.
Learning takes place in the same context in which it is applied (Lave and Wenger,
1991). During the learning, if we can put students in the specific situated context, then
we can spark students’ interesting in science.

I11.Develop the Construction of Nanotechnology Exhibition

1. Two Challenges

It’s a three years program that an exhibition will set up every year, and a completed
exhibition will be finished after 3 years. Therefore, we separate the applications of
nanotechnology into three parts and expand the exhibitions gradually. Base on this
strategy, we have two challenges: combination of the nano research in Taiwan and
displaying the concept of nanoscale.

Challenge 1: Create unique characteristics

From the applications of nanotechnology, we choose three types of research
highlights in Taiwan, Biomedicine, Energy Technology and Traditional Industry, to
be the theme of each year. First year, in biomedicine, we want to display the nano
applications in cancer research such as nanoscissor, infrared therapy and Fe@Au
nanoparticles. The researches are complicated and still in lab, so how to make it clear
and acceptable for visitors is a big challenge.

Another Taiwanese feature of nanotechnology is nanoMark. Since Naonotechnology

became one of the most important technologies in 21th century, many nanoproducts

appear as well. To protect the interests of consumers and promote the upgrading nano
20



industry in Taiwan, the government is promoting the “Nano-product certification
system plan”.

Challenge 2: Display the concept of the invisible scale

Many people are confused at the term “nanometer”. It’s a length scale like meter and
millimeter, not an object. Because nanometer is an invisible scale for naked eyes,
people cannot understand the world under the nano scale. For this reason, we need to
transform the concept of nanometer into concrete exhibits, like amplifying objects to
mimic or display the nature phenomenon in nanoscale.

2. Exhibition Planning

This exhibition focuses on phenomenon and applications of nanometer but just
introduces nano research. In first year, the basic construction of the exhibition was
done. We briefly introduce history of nanotechnology, nano phenomenon, nano
materials, measurement tools, and nano research of biomedicine and the first
nanoMark of the world. In second year, we plan to put nano research of energy
technology which is in accordance with tends of energy conservation around the
world. At third year, we’ll focus on nano research of traditional industry to show the
importance of nanotechnology in daily life.

Outline of exhibition Detail

A. Introduction Al. History of nanotechnology
A2. Feynman’s literature

B. Nature phenomenon of nano B1. Iridescent effect
B2. Lotus effect
B3. Nano GPS

C. Science under nanometer C1. Properties of nano materials

C2. Tools for observation

C3. Nano in biology

D. The near future D1. Cancer treatment

E. nanoMark E1. Significance of nanoMark

E2. Beware of the fake nano

E3. The concerns of nanotechnology

21




Figure 2. The photo of the exhibition.

The major visual image of the exhibition is from the circular form of microscope
eyepiece and adjustment knob. In the central of visual image, the exhibition name
with perspective arrangement shows that the exhibition can bring people into the
“microcosmic world”.

Figure 3. The major visual image.
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In this exhibition, people can observe the nano phenomenon, recur the classic
experiment, and simulate the science principles through the interactive exhibits.
1. Observation of nano phenomenon- some sections emphasizes observations of

natural phenomenon.

Figure 4. Look closer: observe the images of organisms and materials from naked
eyes to micro and nano scale.

2. Recurring of classic experiment- In 1990, researchers in IBM used the scanning
tunneling microscope (STM) to arrange 35 atoms on nickel surface forming the
word IBM. To simulate this experiment, we develop an “atom manipulate”
hands-on exhibit, that people can experience the experiment by playing the exhibit.
Also, we prepare an atomic force microscope (AFM) simulation system to show
the process and principle of AFM.

Figure 5. Atomic manipulation: arrange the balls (atoms) within limited time, and
experience the process of arranging atoms by STM.
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Figure 6. AEM Stimulator: show the manipulative process and principle of AFM
(This instrument was provided by Ardic Instruments: http://www.ardic.com.tw/)

3. Animation and simulation of science principle- We use dynamic models and
animations to display the principles of nanoscissor, infrared therapy and Fe@Au
nanoparticle. The cancer researches are from Pro. Dar Bin Shieh’s group in
National Cheng Kung University. Besides, “The nano detection tool in human
body-antibody”, which use jigsaw puzzle mode, shows the specific binding of
antibody and antigen.

1. Education of nanoscience in exhibition

1. Integrated Science Education is critical

Students rarely have opportunities to satisfy their curiosity in today’s science
classrooms. Some important issue today, such as climate change and nanotechnology,
cannot just cover by one discipline. For this reason, museum, one of the informal
science education, can integrate multiple disciplines to help students to realize these
topics.

2. Nanotechnology in Daily Life

Nano is so tiny; so many people do not know what it can do in our daily life.
Therefore, we also focus on the applications of nano in this exhibition. The most
important part of technology is creative invention, and education provides a creative
way to learn technology.

3. Learning through operation
The science skills, concepts, knowledge and creativities which students need can be
cultivated through operation and discussion (Shing Ho Chiang and Vincent Tang,
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1999; Shyan Jer Lee, 2001). Students can learn about the processes and knowledge
related to technology in science museum (ITEA, 2000). The exhibits in museum are
in keeping with the essence of technology education, so learning through operating
exhibits is considered a feasible strategy to realize technology. Visitors can get
knowledge from hands-on exhibits, which is not only just by watching but also doing
themselves.

V. Conculsion

During the process of transforming nano knowledge to an exhibition, we found that
combination and connection of science education, nano research and daily life is the
most important work in the process of developing this exhibition. In additions, the
interactive exhibits which combine observation and realization are useful in
exploration of nano world. The 1st year exhibition will display at NSTM on April,
2013. The interaction between visitors and interactive exhibits, and the understanding
of nanotechnology from visitors are the next project we want to do.
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Increasing Situational Interests of Senior High Students' Science learning by
Informal Nanometer-related Activities at a Science Museum
Li-Chun Lin, Jui-Chou Cheng, Chi-Hsiang Wang
National Science and Technology Museum,

Taiwan

Abstract

The interest of a student plays a vital role in science learning. As students
progress through schools, their interest in science appears to decline and a parallel
trend has been observed with students’ performance on science standardized exams.
Nanotechnology is emerging a scientific field that contain concepts and phenomena
that are not usually addressed significantly in traditional science curricula, but in
which students might be interested. And through informal nanotechnology related
activities might increase students’ science learning interests. Thus, this study
investigates the relationship between senior high schools students’ interest and
teaching in informal nanometer-related activities including nanotechnology
introduction, nano-umbrella making, nanogold particle experiment, photo catalyst and
AFM demonstration etc held by National Science and Technology Museum (NSTM)
in Taiwan in 2012. A questionnaire of 102 students was administered to collect data
of student’s situational interest. Data were analyzed with paired sample t-test and
ANCOVA. The preliminary results showed that after the informal nanometer-related
activities, the senior high school students’ situational interest increased( t=6.175***, d
=.68) , included triggered situational interest (t=7.574*** d=.53) , maintained
situational interest-feeling ( t=4.186***, d = .89 ) and maintained situational
interest-value (t=3.548*** d=.35) , especially for low-level interest group students

(t=7.29*** d=1.87 ) and female students (t=6.30***, d=.78) . The results also
showed that after the informal nanometer-related activities, the senior high school
students’ nanotechnology concepts increased significantly. ( Mye=49.8, Myosi=74.65,
t=14.79*** d=1.57) , in different levels interest group and in different genders. The
source of situational interest analysis found diverse activities may mediate students
producing the differential senses of value, novelty, instant enjoyment, achievement,
challenge, and exploration to enhance differential student’s situational interest. The
findings suggest that to increase situational interest of senior high school students,
science museums and schools are encouraged to work together by offering differential
teaching activities for different levels interest students by producing the differential
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Background

Nanotechnology is an emerging application science and technology nowadays.
Many nanotechnology products have been used in our living life. To enable K-12
students to face “the society of nanotechnology”, it is essential to enable each student
owns the literacy of nanotechnology.. Nanotechnology is an inter-discipline, and
brand-new scientific knowledge in K-12 school science curricula, therefore we have
some difficulty for students to learn nanotechnology, i.e. the very small dimensions of
nanoscale structures are difficult for K-12 students to comprehend and the
instrumentation required to manufacture or detect nanoscale structures are far more
sophisticated than instruments commonly utilized in K-12 programs (Roco, M. C.,
2008; Bryan, L.A., Daly, S., Hutchinson, K., Sederberg, D., Benaissa, F., & Giordano,
N.,2007).

Interest plays an important role in learning. Learning interest means individual
engages the work of learning, which is produced by one’s enjoyment or the interaction
between the individual and environment. It produced a kind of positive physiological
mental state and motive individual further to learn. Interest theorists typically
differentiate between two main kinds of interest: individual interest and situational
interest. Individual interest has a dispositional quality, residing in the person across
situations. In contrast, situational interest emerges in response to features in the
environment. Students come into the learning environment with different individual
interests, it is difficult for teachers to impact individual interest directly, teacher can
control and manipulate the environment to trigger situational interest (Hidi &
Anderson 1992; Hidi, 2001). We hoped students can enhance situational interest and
nanotechnology concepts, then inducing highly learning engagement for
nanotechnology in nanoscience camp.

Research Questions

1. Could the informal nanometer-related activities curriculum enhance senior high
students' learning situational interest in nanoscience camp?

2. Could the informal nanometer-related activities curriculum enhance senior high
students' nanotechnology concepts in nanoscience camp?

3. How to enhance senior high students' learning interest in nanoscience camp by
different kinds of teaching strategies?
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Rationale

Well-Developed Individual Interest

Emerging Individual Interest /

Maintained Situational Interest

Triggered Situational Interest /

/

The Four-Phase Model of Interest Development
( Hidi & Renninger, 2006)

Method

We adopted a questionnaire of situational interest by Lisa L.G., Amanda M. D. &
AnneMarie M. C. (2010). The questionnaire of nanotechnology concepts was made by
K-12 nanotechnology seed teachers. Two questionnaires of 102 students was administered
to collect data of senior high school student’s situational interest and nanotechnology
concepts. Data were analyzed with paired sample t-test and ANCOVA. We also adopted
semi-structured interviews and content analysis to investigate how to enhance senior high
students' learning interest in nanoscience camp by different kinds of teaching strategies

Result
1. The informal nanometer-related activities curriculum could enhance senior high
students' learning interest in nanoscience camp, especially for triggered SI and
maintained Sl-feeling, but maintained Sl-value were hard to enhanced.
Table 1. The change of interests of senior high students’ science learning by informal
nanometer-related activities at a science museum

Mean Difference  SD t Sig d
Individual Pre-test ~ 33.65
interest Post-test  34.41 0.76 4.54 1.763 .081 0.17
Situational Pre-test  47.97 .000**
interest Posttest 5176 3.79 9.25  4.212 ) 0.40
***p <.001
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Table 2. The change of situational interest of senior high students' science learning
by informal nanometer-related activities at a science museum

Mean Differen SD t Sig d
ce
Pre-test 15.7
Triggered SI  Post-tes  17.0 1.3 3.93 3442  .001*" 0.33
t
Maintained  Pre-test  15.7
Sl- Post-tes  17.3 1.6 4.07 4312 .000"** 0.41
feeling t
Maintained  Pre-test  16.7
Sl- Post-tes  17.4 0.7 3.23 2.404 018" 0.23
value t
***n <.001

2. The informal nanometer-related activities curriculum could enhance senior high
students' nanotechnology concepts in nanoscience camp.
Table 3. The change of nanotechnology concepts of senior high students' science
learning by informal nanometer-related activities at a science museum

Mean Differen SD t Sig d
ce

Pre-test 49.8
Post-tes  74.65 24.85 16.89 14.79 .000*** 1.5
t

Nanotechnolo
gy concepts

#3001

3. Diverse teaching activities may mediate students producing the differential senses of
value, novelty, instant enjoyment, achievement, challenge, and exploration to enhance
differential student’s situational interest.

Suggestion

1. In School, it’s difficult to adequately teach the different developed interest of
students for teacher, especially more developed and little or no interest of students.
Schools and informal educational institution such as museums should corporately
develop some scientific activities into the classroom to enhance students’ interest
of science learning.

2. Productive participation in informal scientific learning should enable help* low
achievement and low interest “ students enhance situational interest by novel,
vivid, involvement and meaningfulness, therefore these students could want to
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reengage in science learning
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