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Abstract
Scientists in Europe and the USA have already recognized the potential of nanoscale science and
engineering as an emerging field of technology [1,2]. Roco stresses the fact that 2 million nano-trained
workers will be needed worldwide until 2015, hence, there are several initiatives all over the world
trying to satisfy the growing demand for a highly qualified workforce [1,2]. This requires the
development of methods and programmes for “Nano Education” at K-12 and university level so that
students become aware of nano-careers they could pursue. In addition, professional teacher training
courses and in-service training need to be implemented in order to help teachers become nano-literate
[3]. Due to this, the article aims on showing that nanoscale science and engineering can serve as
catalyst for educational reforms [4]. It will be argued that nanoscience is not a single discipline but
rather an interdisciplinary one highlighting the connections between sciences [3]. Therefore, “Nano
Education” challenges the traditional science curricula and the way sciences have been taught so far.
Through literature study different international approaches to nanoscale science and engineering
education at K-12 and university level will be analysed and restructured. National initiatives and transnational approaches will be compared in order to provide an overview of the variety of options that can
be chosen to incorporate nano-contents into the science classroom. Furthermore, it will be discussed
how nano-concepts can be included into the existing science curriculum since research findings
suggest that the already overcrowded curriculum is one of the main barriers to teaching “Nano” [3].

1. Introduction
Feynman (1960) once raised the question: “What would happen if we could arrange the atoms one by
one the way we want them” [5]. Up to the present this idea of re-arranging single atoms and molecules
has produced a completely new and steadily growing field of technology. According to several
scientists, researchers and economists nanotechnology (below synonymously referred to as
nanoscale science and engineering) has become the key technology of the 21st century (e.g. [6], [7]).
Although the industry recognized the potential of nanoscale science and engineering (NSE) different
American and European surveys illustrate that the public has little awareness about it (e.g. [8], [9],
[10]). While the nano-sector is rapidly growing researchers address the need for a “Nano Education”
since sooner or later every person is going to be confronted with making decisions about nano-related
issues concerning his or her everyday life [11].
Furthermore, a survey carried out by the American scientists Roco, Mirkin and Hersam suggests that
there will be a shortage of nano-workers in future [12]. The authors argue that 6 million qualified
workers will be needed worldwide until 2020 – compared to Roco’s prognosis for 2015 the estimated
amount of nano-workers is going to triple until 2020 [2,12]. There are other scientists questioning the
validity of these estimations (e.g. [13], [14]), however, due to the predicted shortage, a strategic plan
was implemented in 2004 by the U.S. government in which the development of educational resources
and of skilled workers is defined as one out of four major goals [15]. One year later this attempt was
followed by the “Action Plan for Europe 2005-2009” introduced by the European Commission that
highlights the need for an interdisciplinary education and training in nano-related fields [16]. In the
following an overview will be given of the current discussion of incorporating nano-contents into the
science classroom.

2. The Interdisciplinarity of Nano
Nano is first and foremost a prefix referring to the size and scale of particles and structures in the
range of 0.1 to 100 nanometres. This prefix can be linked to everything from medicine to engineering,
from chemistry to biotechnology and so on. Hence, nano-workers should possess a comprehensive
knowledge of different disciplines. The multi- and interdisciplinary nature of NSE comes into conflict
with the American and European education system that is based on specialising in single disciplines

the further one proceeds one’s educational career [7]. Consequently, future scientists and technicians
that are working in the field of nanotechnology will discover skill gaps if the education system is not
able to react to the needs NSE is requesting. Roco argues that Nano should “penetrate the education
system” by introducing nano-contents at all levels from preschool to university [2]. He suggests
reversing the so called pyramid of learning to promote unity in nature while introducing students to the
methods and themes that are common across disciplines first. Turning the curricular science
education upside-down should enable students to see the interdisciplinary connections between
sciences from the very beginning of their educational career (see fig.1) [2].
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Figure 1: Reversing the „Pyramid of Learning“ [2].

Roco’s approach has been refined by the European researchers Baraton, Monk and Tomellini (2008).
They suggest that students should gain an in depth education in single disciplines while maintaining a
coherent understanding of features across sciences what they call “common knowledge” [1]. Instead
of a curriculum that is based on specialisation, they are opting for a curricular design based on their so
called “Hourglass Approach” (see fig.2).
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Figure 2: Hourglass Approach [1].

Although both approaches highlight the interdisciplinary character of NSE they do not specify how the
implementation of nano-contents in secondary and tertiary education should look like.

3. Where Does Nano Fit in the Curriculum?
3.1. Nano Education at K-12 level
For secondary education American scientists and educators agreed on the so called “Big Ideas” – i.e.
central concepts that should be taught in school (e.g. [17], [18], [19]). In different workshops nine
concepts have been identified all of which are belonging to the four essential areas of NSE:
Processing, Nanostructures, Properties and Application [19].
Instead of incorporating new modules and contents into the existing K-12 curriculum teachers should
rather focus on the “Big Ideas” since they can serve as tools for unifying the traditional school

disciplines [20], thus, they can foster interdisciplinary learning. The list given below follows the
suggested concepts by Wansom et al. [19]:
1. Size and scale: students should be able to analyse factors relating to size and scale in
order to describe matter and predict its behaviour.
2. Surface-to-Volume-Ratio: students should describe the surface-behaviour of nano
particles that is due to the fraction of atoms.
3. Surface-Dominated-Behaviour: students should investigate the impact of forces and
interactions relevant at the nanoscale since these changes with scale.
4. Self-assembly: students have to gain knowledge about this process in which materials
can spontaneously assemble into organized structures.
5. Quantum mechanics: in order to understand the size-dependent properties at the
nanoscale, students need to acquire knowledge about quantum mechanics especially
about the dual particle-wave nature of matter.
6. Size-Dependent Properties: students should be able to distinguish between surface- or
bulk-dominated properties of matter.
Apart from these concepts further ones have been mentioned: tools and instruments, models and
simulations and societal impacts [19].
The most considerable approaches of including the “Big Ideas” into the existing curriculum have been
carried out in the U.S. (e.g. [17], [18]). One example provides the NanoSense project
(http://nanosense.org/) that has been funded by the U.S. National Science Foundation [17].
NanoSense offers four curriculum units including teaching materials, power point slides, worksheets
and hands-on activities; the first unit “Size Matters” is structured like an introductory guide to NSE
whereas the other three – “Clear Sunscreen”, “Clean Energy” and “Fine Filtration” – give examples of
applications. The NanoSense curriculum is directed towards high school chemistry teachers;
nevertheless, in the implementation phase the introduction of the contents has also been tested in
biotechnology, biology and environmental classes. The main outcome of the evaluation is alarming
since the biggest barrier for implementing “Nano” in class has been the teacher’s own knowledge and
his or her comfort level with the materials [17]. Hence, no matter what kind of programme or workshop
is offered to high school students, it is highly important to promote teacher learning, too.

3.2. Nano Education at university level
There are researchers arguing that the most appropriate level for teaching nano-contents is the
university level and above (PhD) since studying nano-related issues requires an in depth knowledge in
sciences (e.g. [21]). Up to the present universities worldwide implemented NSE courses in
undergraduate, graduate and doctoral studies (see fig.3).
It should be noted that individual countries invest in different paths of NSE Education. Europe focuses
on graduate programmes (78), whereas the U.S. supports PhD programmes (47) (fig. 3). Also single
European countries prefer different educational programmes: Norway for instance only offers PhD
courses (5) while France has none, instead students can choose among a variety of graduate courses
(18) (fig. 3). Germany and the UK offer a comparable amount of nano-programmes in total (Germany
27; UK 31) but the proportional distribution differs for the single courses of education offered (fig. 3).
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Figure 3: Number of undergraduate, graduate, PhD and short courses (like summer schools) offered per
country. Data for Europe: based on the Nanoforum Education Catalogue 2005 [22]; data for the USA:
based on NNI homepage www.nano.gov/education-training [23].

All of these courses and programmes are contentwise quite different; there are programmes focusing
on biology and chemistry and others on engineering and physics [22]. There is little transparency
about the quality of these programmes, their content-related orientation and the degree of
interdisciplinarity offered. Due to this, the Nanoforum initiative originally funded by the European
Commission published an Education Catalogue to allow students and industry to compare European
NSE programmes [22].

4. Discussion
In can be concluded that NSE education at university level seems to be more popular than at school
level as measured by the number of publications as well as programmes and teaching materials
offered. Besides, there remain a number of future challenges. For tertiary education standards should
be developed to guarantee high quality and transparency of Bachelor-, Master and doctoral
programmes. Additionally, a strong collaboration between industry and academia should be aspired to
make sure that students gain all skills relevant for their future jobs by studying Nanotechnology [13].
For secondary education teacher training courses in NSE are most vital since student’s achievements
depend on teacher quality which becomes obvious in the NanoSense study [17].
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