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Part A - NANOYOU Project overview 

Rationale 

“Nano” is the new frontier: nanotechnology (NT) is the development and application of 

materials and processes at the nanoscale – the scale of individual molecules. 

Nanomaterials are particles, tubes, membranes and other materials having at least one 

dimension in the nanoscale (1-100 nm). Nanotechnology is not one specific technology; 

rather it includes numerous methods that share the principle of using materials or 

processes at the nanoscale. It is thus preferable to refer to these as nanotechnologies 

(NTs). At the nanoscale, materials show different properties; for instance gold becomes 

catalytically active, and new processes become possible, like the giant 

magnetoresistance effect (GMR). The amazing properties of materials at the nanoscale 

make it possible to improve current materials and technology, or to develop entirely new 

ones. Some NT applications have already emerged, like nanostructured coatings and 

composites already used in the construction industry, and many others are under 

development. Together, they will impact our lives in many ways, perhaps as much as 

electricity and the Internet have over the last century. However, as in any other field, 

some NT applications may have harmful effects as well as benefits. Therefore, 

informing and engaging the public about nanotechnologies is essential for the 

responsible development of this new frontier. Moreover, this early stage of 

development, when just a few applications have reached the market, is a critical 

moment for potential communication on NTs. 

 

NANOYOU is designed and undertaken as a communication and outreach programme 

in nanotechnology aimed at European youth, targeting students aged 11 to 18 through 

school programmes and young adults aged 19 to 25 through science centres. 

 

In May 2004, the European Commission adopted the Communication “Towards a 

European Strategy for Nanotechnology”,1 and in June 2005 it adopted the Action Plan 

“Nanosciences and nanotechnologies: An action plan for Europe 2005-2009”.2 These 

policy papers defined a series of actions for the immediate implementation of a safe, 

                                                

1 Towards a European Strategy for Nanotechnology, COM(2004)338 
2 Nanosciences and nanotechnologies: An action plan for Europe 2005-2009, COM(2005)243 
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integrated and responsible strategy for nanosciences and nanotechnologies. Both 

documents acknowledge that a responsible approach on nanotechnology must address 

citizens’ expectations and concerns and called upon Member States to create the 

conditions for and pursue an effective two-way dialogue with the general public. 

 

Current surveys show that a large majority of the European public is uninformed and 

unengaged regarding nanotechnologies.3 In part this is because most schools’ curricula 

do not yet cover the subject. “Nano” words appear frequently in the media, but they are 

often poorly understood; some people think of nano as a form of “magic”, others are 

mainly aware of its perceived risks. Unfortunately, these misunderstandings and 

misperceptions about science are not isolated phenomena. Although some of the 

problems in the communication of nanotechnology are tied to its special characteristics 

– such as the invisible nature of nanotechnology and the novelty of nanosciences – the 

experience gained from the emergence of other new technologies has taught us that 

their introduction to the public needs to be presented in a way that takes into account 

public demands and interests, preferably from early stages of research and 

development. 

 

Consequently, there is now wide agreement among educators and communication 

experts that traditional approaches to communicating with the public about science and 

technology, such as the “deficit” model,4 are not working well. In response, there has 

been a distinct move away from top-down information provision on science to a 

“dialogue” model that sees effective science communication as a multi-way 

communication between specialists and non-specialists. “Dialogue” is defined as an 

exchange of information rather than a one-way communication. It describes a process 

that enables each party to acknowledge, listen to and respect the other’s viewpoint. The 

dialogue model of science communication offers an interactive approach to involving 

                                                

3 European Commission, “Europeans, Science and Technology”, Eurobarometer 55.2, December 2001; European 
Commission, “Europeans and Biotechnology in 2005: Patterns and Trends“, Eurobarometer, July 2006; Nanotechnology: 
views of the general public (2004): BMRB international, in www.nanotech.org.uk; Cobb, M.D.; Macoubrie, J., “Public 
perceptions about nanotechnology: risks, benefits and trust” ,J. Nanoparticle Res., 2004, 6, 395-405; Bainbridge, W.S., 
“Public attitudes towards nanotechnology”, J. Nanoparticle Res., 2002, 4, 561-570. 
4 The traditional “deficit model” of science communication, developed in the 1980s, assumes that public scepticism 
towards modern science and technology is caused primarily by a lack of adequate knowledge about science. Therefore, 
by providing sufficient information about science and technology it is possible to overcome this “knowledge deficit” and 
induce greater public support for science-based technologies. See Sturgis, P., and Allum, N., 2004. “Science in Society: 
Re-evaluating the Deficit Model of Public Attitudes”. Public Understanding of Science 13 (1):55-74. 
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the public in the discussion, with emphasis on a two-way communication process to 

deliberate on issues and provide different perspectives. 

 

In considering new efforts to inform and engage the public about NT, a critically 

important segment of the public consists of pre-adolescents, adolescents and young 

adults – those between the ages of 11 and 25. If they can be informed about NT in a 

balanced way that conveys the exciting possibilities as well as the potential risks, these 

young people may become strongly engaged by the subject and go on to make a real 

contribution to future research with a responsible approach, and to future public 

discourse and decision-making. 

Aims 

The aims of NANOYOU are to undertake a well-designed communication and outreach 

programme that will: 

• Inform young people in most EU Member States and Associated States about 

nanotechnologies and their applications; 

• Encourage their participation in dialogues about the ethical, legal and societal aspects 

(ELSA) of NT 

Objectives 

• To inform students about nanotechnology, its current applications and future 

developments; 

• To introduce students to some of the main ideas and issues relating to anticipated 

technological developments that have potentially profound consequences for the human 

condition; 

• To encourage students to think critically and independently about the big picture of 

technological change and the challenges this creates for ethics, policy, security, 

business, and individual decision-making; 

• To enhance analytic reasoning ability and the capacity to cogently present complex ideas 

orally and in writing. 
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The whole picture 

NANOYOU combines temporary exhibitions, innovative computer games, experiments 

and other online content, and workshops aimed at making participants aware of NT 

benefits and risks. Educationally, a key goal is to promote dialogue. NANOYOU’s 

content is balanced and up-to-date, and teacher training materials are prepared to 

equip science teachers and other personnel to present the NANOYOU programmes. 

 

Figure 1 below presents an overview of NANOYOU project programme and its target 

audiences: 
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Selected nanotechnology sub-areas 

Nanotechnology is a broad field with many potential application areas. NANOYOU 

focuses on the three sub-areas of medicine, energy and the environment; and 

information and communication technology (ICT). Sub-areas were chosen because 

they enable the project to focus on specific and identifiable problems rather than trying 

to “cover everything”. The medical sub-area is one that all individuals can relate to on a 

personal basis, assuring high interest; the energy and environment sub-area clearly 

touches on major public policy concerns. Finally, ICT and the flow of gadgets it makes 

possible may be of particular interest to the young. All three sub-areas involve benefits 

and risks and are likely to generate lively discussions. These sub-areas are briefly 

described below.5 

 

Nanomedicine has the potential to realize significant breakthroughs in diagnosis and 

treatment of disease and other health problems. Nanomedicine is defined by the 

European Science Foundation as “the science and technology of diagnosing, treating 

and preventing disease and traumatic injury, or relieving pain, and of preserving and 

improving human health using molecular tools and molecular knowledge of the human 

body.” It includes five principal sub-disciplines: analytic tools; nano-imaging; 

nanomaterials and nanodevices; novel therapeutics and drug delivery systems; and 

clinical, regulatory and toxicological issues. 

 

For example, NT could be used to produce small, inexpensive, portable diagnostic 

devices that are less intrusive for the patient and perform the diagnosis of a suspected 

disease in a very short time, while assuring accuracy of the analysis. Nanomaterials will 

lead to very sensitive devices that can detect, for example, pathogens in very small 

quantities, which has the potential to enable very early diagnosis where treatments can 

be more effective. Ultimately, this can open up the area of point-of-care diagnostics. 

Also, advances in the field of in vivo imaging are expected (e.g., targeted imaging), 

which will be an important tool for early detection. Nanotechnology also enables the 

                                                

5 This section has benefited from Capurro, R., “Ethical Aspects of Nanomedicine”, EGE Opinion No. 21, March 2007; 
“Effects of nanotechnology on the environment”, The Royal Society, 11 March 2004; “Nanotechnology Applications” 
(http://www.understandingnano.com/nanotech-applications.html); “Nano-technologies and Nanosciences:  A discussion 
of ethical, legal and social aspects”, NANODIALOGUE Final Conference, 5 February 2007;  Capurro, R. “Reflections on 
Ethical Aspects of Nanomedicine”, http://www.capurro.de/nanoethics.html; and “Benefits, Risks, Ethical, Legal and 
Social Aspects of Nanotechnology”, Nanoforum (2004). 
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development of novel imaging instrumentation to further improve imaging sensitivity and 

accuracy. 

 

NT for energy and the environment. Nanotechnology can be used to enhance a wide 

range of energy technologies including solar technologies, hydrogen production, 

hydrogen storage and fuel cells. Batteries and super-capacitors with improved power, 

lifetime and safety properties are under development using nanotechnology. Another 

area of interest is catalysis – the availability of plentiful and inexpensive chemicals 

relies on industrial catalytic processes. Catalysis is also important for the production of 

pharmaceuticals, means of environmental protection, and production and distribution of 

sustainable energy. Energy-saving is another important area: nanotechnology can 

develop new materials with improved energy-saving properties, lightweight materials to 

reduce energy consumption during the mechanical operation of a wide range of 

devices, nanostructured insulators, and coatings for windows that reduce indoor heat in 

summer, so that less energy is used for air conditioning. 

 

NT and ICT. In the field of information and communication technology (ICT), 

miniaturization constantly improves information processing systems and leads to 

increasingly powerful hardware. New nanotechnology recording concepts will combine 

various advantages: large storage capacities, very fast access and conservation of data 

without constant power supply. These concepts are based on new technologies such as 

the one electron transistor, storage in nanocrystals, spintronics. Thanks to 

nanoelectronics, a single device the size of a credit card could be used as a tape 

recorder, camera, video player, television, mobile telephone, GPS, translator and credit 

card. 

 

A second IT area where NT could play an important role is the interface between 

computers and the physical world. Display technologies (screens and other interfaces) 

and environment parameter detectors will make widespread use of nanomaterials to 

improve performance. Researchers are working on the creation of “smart” environments 

in which objects of daily use are permanently interconnected, the so-called “Internet of 

things”. In this area, RFID (Radio Frequency Identification) tags play a key role. 

Comprising an antenna and an electronic chip, these devices allow the storage and 

remote retrieval of data. RFID tags can be stuck on or incorporated in products. More 
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advanced than the bar code, the chips react to radio waves and transmit their 

information without contact. The main uses of those sensor networks are quality control 

during production, consumer information and protection for perishable products, and 

management of infrastructures (leakage of water distribution systems for example). The 

nanometric generation of RFID chips is developing rapidly and could make them the 

size of “smart dust”. 

 

Nanotechnology and ELSA 

Any emerging technology brings with it some new ethical, legal, and social aspects 

(ELSA), and nanotechnologies are no different. The aim of NANOYOU is also to 

provide teachers with resources to encourage class discussion about ELSA topics 

related to nanotechnologies. These resources include a role play game that the 

students can do in class, and virtual dialogues to be done online. In both cases 

students are encouraged to think critically, and express their own opinion. 

For the teacher, bringing ELSA issues into the classroom is an opportunity to talk about 

science, technology and innovation in a more complex, “three-dimensional” fashion. It 

gives educators an opportunity to stimulate discussions in class about which 

innovations students think are valuable (and which not), who will benefit from them and 

at what cost. It is a chance to think and talk about the “bigger picture” of science and 

innovation and consider its implications not just for the single individual but for society. 

The Partners 

ORT: ORT Israel Moshinsky R&D Centre is part of the ORT Israel network, the largest 

educational network in Israel. ORT Israel is an expert unit for initiation, planning and 

management of projects catering to the pedagogical and technological needs of the 

ORT education system as well as the science and technology education system in 

Israel. ORT Israel Moshinsky Centre for R&D has developed text-based and multimedia 

curriculum materials in various scientific and technological subjects, including 

nanoscience and nanotechnology. 

 

EUN: European Schoolnet is Europe’s foremost network for education, comprising 31 

member Ministries of Education from across Europe and beyond. EUN has organised a 

number of successful projects in the field of science education, and has extensive 

experience and competence in engaging a critical mass of schools in pedagogical 
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activities. Maths, science and technology education is one of the key priorities of the 

EUN work programme and has significant support from Ministries in deploying such 

activities. 

 

UCAM-DENG: The Nanoscience Centre in Cambridge University provides open access 

and facilities to the various University groups that actively research in nanoscience and 

nanotechnology. The current research portfolio ranges from sensors for medical 

applications to understanding and controlling the properties of nanoscale structures and 

devices. The Centre has recently launched an initiative to promote interest and 

enjoyment of nanotechnology in schools, which includes visits to schools, interactive 

lectures, seminars and workshops. 

 

iNANO-AU: The interdisciplinary Nanoscience Centre at the University of Aarhus 

fosters interdisciplinary research and education in the area of nanoscience and 

nanotechnology. iNANO-AU is conducting state-of-the-art research in the areas of 

nanomedicine, drug delivery, biocompatibility, implants, nanobiosensors, nanocatalysis, 

hydrogen technology, nanoscale materials design, functional nanomaterials, 

nanophotonics, nanofood and basic nanoscience research. iNANO-AU also offers 

various outreach activities, such as secondary school teaching material and visits to the 

iNANO centre. 

 

PCB: The Barcelona Science Park has an Outreach Department aimed at decreasing 

the gap between its research and the education community, and at promoting scientific 

culture and new careers in science. Each PCB year organises more than 120 outreach 

activities run by its researchers, allowing more than 6.000 people to follow current 

research through various activities such as fairs, debates, open days, workshops of 

experiments and theatre workshops, exhibitions, etc. The Outreach Department of the 

PCB also develops multimedia contents to offer the public the possibility to participate 

in current research through the internet, and to facilitate schools and museums all over 

Europe to organise their own outreach activities using these tools. 

 

ZSI: The Centre for Social Innovation is a multifunctional socio-scientific research 

institute, based in Vienna, Austria that bridges knowledge generation and knowledge 

application processes by socio-scientific research, education, advisory and networking 



NANOYOU IN School/Lesson Modules 

 

- 13 - 

Contact: nanoyou@pcb.ub.cat | For schools: nanoyou@eun.org 

 

services to reduce the gap between social needs and potentials of the knowledge 

based information society. The top priority of ZSI’s projects is to provide impulses for 

the implementation of applicable innovative solutions, concerned with socially important 

challenges posed by technological and socio-cultural changes. There is a long record of 

projects relevant to technology implementation, including issues in Biotechnology, as 

there is close and long standing relationship with the University of Natural Resources 

and Applied Life Sciences, Vienna (BOKU). 

 

CCSTI Grenoble: Because of its location in a city which concentrates many universities 

and high-tech research centres and enterprises, the Grenoble Science Centre is 

specialized in new technologies communication and science and society issues. Its staff 

of 16 work every day to create dialogue and encounters between the public, scientists, 

educators, teachers, workers, artists and local authorities. CCSTI Grenoble has 30 

years’ experience of networking at local, regional, national and European levels. It also 

plays the role of a resource centre in science culture and new technologies culture. Its 

experience, since 2005, in NT communication and dissemination will certainly 

contribute to the success of NANOYOU. 

 

CSI: The Cité des sciences et de l’industrie was established in 1986 and is one of the 

largest centres for popularization of science and technology in Europe. It is the fifth 

most visited museum in France. The Cité includes various areas and activities, which all 

aim to achieve “public understanding of science”, covering an area of 30,000 square 

metres and has some 3 million visitors every year. It works in close collaboration with 

networks of museums and science centres at national and international levels, to 

promote public awareness of science and technology. 

 

Finally, ARTTIC, International Management Services, has strong prior experience of 

project management and exploitation in previous European Commission framework 

programmes. 
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Part B - Teacher training material 

NANOYOU Teachers’ Training Kit 

NANOYOU has developed an information package for teachers that includes 

background information and four documents on the application of NTs in the three 

selected sub-areas. This information package is referred to as the NANOYOU 

Teachers’ Training Kit. Below is an overview of its content. 

 

Part 1 Part 2 

Chapter 1- Introduction to nanoscience and 

nanotechnologies 

Chapter 1- Application of nanotechnologies: Medicine 

and healthcare 

Chapter 2- Nanoscience in Nature Chapter 2- Application of nanotechnologies: 

Environment 

Chapter 3- History of nanotechnologies Chapter 3- Application of nanotechnologies: Energy 

Chapter 4- Fundamental “nano-effects” Chapter 4- Application of nanotechnologies: 

Information and communication technologies (ICT) 

Chapter 5- Overview of nanomaterials 

Chapter 6- Characterization methods 

Chapter 7- Fabrication methods 

 

The kit also includes some experiments to be done with the students in the school 

laboratory. More information on this is provided in Part C of this guide. 

Teaching nanoscience and nanotechnology 

NANOYOU has recognized the novelty of bringing nanoscience and nanotechnology 

into the classroom. For this reason the first chapter of the Teachers’ Training Kit is 

devoted to covering some fundamental aspects of teaching this topic in class. 

Teachers are strongly encouraged to read Chapter 1- Introduction to 

nanotechnologies, which includes: 

• Definition of Nanoscience and Nanotechnologies 

• What makes “nano” special? 
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• Bringing “nano” into the classroom: why and how? 

• “Nano” in the context of “conventional” scientific disciplines 

• Nanoscience in Nature: a great starting point 

• Talking about the “bigger picture” 

• Nanomaterials safety 

• Talking about ELSA and safety in the classroom  
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Part C - User guide 

NT knowledge tools and activities 

Tools and activities designed to inform young people about NT and raise their interest. 

 

Supporting information for teachers on NT knowledge is provided in the Teachers’ 

Training Kit (see Part B of this guide). 

 

 Tools NT knowledge activities Dialogue 

mode 

Student’s 

Outcomes 

C.1 
• Video 

• Presentation 

• Posters 

Nanoscale 

Altered properties 

Risks and benefits. 

Face to face  

C.2 NT Time Machine virtual 

games 

Solutions for needs: 

• History of the phone (ICT) 

• History of the light bulb 

(Energy) 

Virtual E-portfolio 

 

C.3 “What is NT?” workshop 

 

Card games 

Memory games: 

• Terms and definitions 

• Scales of things 

• Nano applications (needs 

& solutions) 

• Questions & answers 

Jigsaw : 

• Characteristics and 

applications  

Face to face Respond to 

teacher’s 

questions in 

class 
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C.1 - Videos, presentations and posters for introducing 

nanotechnologies6 

 

Tool ID 

Tool name Video, presentation and posters for 

introducing nanotechnologies 

Tool picture thumbnail 

 

 

 

 

 

 

 

 

 

 

 

 

 

Short description The videos introduce the important ideas of 

nanomaterials and nanotechnologies. 

• Part 1 - What is Nano? 

• Part 2 - Nature’s Nano 

• Part 3 - Making New Nano 

• Part 4 - Nano Close Up 

• Part 5 - The Nano Future 

The presentations are (1) NT: Discover the 

Nanoworld; (2) Benefits and risks for developed and 

developing countries;  

 

 

The five posters are designed to be displayed in 

the exhibition area and convey textual and graphical 

information about NT and its related risks and 

benefits. 

Objectives To increase students’ basic understanding of 

nanotechnology and nanosciences, with a special 

focus on the three chosen sub-areas (medicine, 

energy and the environment, ICT). 

Keywords Nanoscience, nanotechnology, benefits, risks. 

Age 11-13, 14-18 

 

                                                

6 In some of the outreach programmes the video, posters and presentation will be the first tools used to present a basic 
view of nanotechnologies. 
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C.2 - NT time machine virtual games 

 

Tool ID 

Tool name NT time machine virtual games  Tool Picture thumbnail 

image 

 

 

 

       

 

 

 

 

Short 

description 

After choosing a need, the student will first 

"travel" back to points in the past and see 

solutions for different needs that were formerly 

used 50, 100 or more years. 

 

Then the student will "travel" to the present 

and explore a current or planned NT solution 

for the same need.  They will be asked to 

compare the different solutions they've seen. 

Objectives 
• Gain knowledge about technology 

solutions through time  

• Compare different solutions  

• Have fun 

Keywords Human needs, Invention, Innovation, 

Nanoscale, Nanotechnology, Impacts of 

technology. 

Age 11-13, 14-18 
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Tool explanation 

The NT time machine virtual game offers a way to inform and teach students how 

technology solutions evolve in response to human needs and wants. 

 

It includes two timelines in different sub areas: 

• ICT (the phone as a response to the need for communication) 

• Energy (the electric bulb as a response to the need for light) 

 

The students will work individually on the computer: 

Choose a need from one of the sub-areas and follow the instructions of the game on 

the screen (see Appendix A - Map navigation NT time machine virtual game). 

During the “journey” through the NT time machine game the students are asked to 

compare the different solutions (from different periods of times or different solutions for 

the same needs) they’ve seen through the game. 

 

Lesson plan        [Time: 45 min] 

Stage Teacher role Student’s Outcomes 

Preparation 

[whole class] 

Explain the objectives and the process of the 

game (Explain working with two windows 

simultaneously – NT game and “E-portfolio” 

(Word file)).  

 

Time machine game 

[individual work] 

 

Encourage students to complete the “E-portfolio” 

through the game. 

“E-portfolio” (Word file): 

• Compare the different 

solutions (Appendix B & 

C) 

Discussion 

[whole class] 

Relate to: 

• Characteristics of technology. 

• Innovations as response to human 

needs. 

• Impacts (positive & negative) of 

technology innovations on society and 

the environment. 

 

 

 

 

Discussing a relevant 

dilemma 

Optional activity Word file – arguments for & 

against (Appendix D) 
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Age groups 

The time machine game is designed for the two levels (11-13, 14-18), but with more 

complex and abstract wrap-up assignments for the older age group. 

 

• The history of phones – Age 11-13, 14-18 – (Appendix B) 

- Compare the different solutions with regard to the criteria in the table. 

- Answer questions. 

- Optional activity: discussion with regard to a relevant dilemma. 

 

• The history of light bulbs – Age 11-13, 14-18 – (Appendix C) 

- Compare the different solutions with regard to the criteria in the table. 

- Answer questions. 

- Optional activity: discussion with regard to relevant dilemma. 
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Additional Information and Appendix 

 

The difference between “invention” and “innovation”: 

Invention happens when someone comes up with a novel technology (like the phones 

on the time machine virtual game) creating something that hasn’t been there before, 

whereas innovation may be a different application or modification of something already 

existing and applying it in a new ways (like modification of the phone design or scale). 

 

Characteristics of technology inventions and innovations 

Technology inventions and innovations can be characterized through: 

• Satisfying evolving human needs and wants. 

Example: the human need for long distance communication 

• Enhancing human capabilities. 

Example: the capability to be heard from a very long distance over the globe and even 

from space. 

• The use of different materials according to their properties. 

Example: using nano particles for “long life batteries” or repelling dust. 

• Technology based on scientific theories. 

Example: the electro-magnetic theory paved the way for wireless communication 

systems. 

• Miniaturization of innovations. 

Examples: Based on miniaturization of electronic devices, the mobile phone is much 

smaller today than the first invention. 

• Nano-scale structures can be found on a chip. Expectations for the future are a further 

miniaturization of the chip and its components down to nano level. 
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Appendix A: Map navigation – NT time machine virtual game 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Home page 

Warm-up activity: Basic human needs & solutions 

Pre quiz 

 

ICT  

[Telephone] 

Pre quiz 

 

Wire telephone: 

- General 

information 

- Activity: How 

does it work? 

Post 

quiz 

Wrap-up activity: Comparing 

phone solutions over time 

"e-portfolio" 

Wrap-up activity: Comparing 

phone solutions  over time 

 "e-portfolio" 
Forum 

Telephone Activity: Matching solutions to needs 

 

Wireless telephone: 

- General  

information 

- Activity: How 

does it work? 

 

Mobile phone: 

- General 

information 

- Activity: How 

does it work? 

Future phone: 

- General 

information 

- Activity: 

Capabilities & uses  

 

Energy 

[Light bulb] 
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Appendix B -The history of phones 

“E-portfolio” (for age 11-13) 

 

Fill in the blank table below and answer the questions: 

 

Phone history Response to 

human need 

Information 

transmitted 

Types of 

communication 

Additional 

functions/ 

applications 

1876 - Wire phone 

 

 

 

Long-distance 

communication 

Voice Through wires  

1903 - Wireless 

phone 

 

 

 

    

1973 - Mobile phone 

 

 

 

   

    

In the near future – 

Nano-enabled phone 
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Questions: 

 

1. What are the improvements / innovations in the telephone since it was invented? 

(Based on the different aspects mentioned in the table) 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

.................................................................................................................................... 

 

2. How does the use of the phone affect your life (describe the different uses of the 

phone, time you spend talking on the phone, with whom do you communicate and 

about what)? 

……………………………………………………………………………………………….… 

……………………………………………………………………………………………….… 

…………………………………………………………………………………………………. 

…………………………………………………………………………………………….…… 

 

3. Design the phone of the future. (Sketch/draw and explain) 

 

 

 

 

 

 

 

 

 

 

Sketch Explain (what kind of features, 

functions and special designs your 

phone will have) 
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Appendix B - The history of phones 

“E-portfolio” (for age 14-18) 

 

Fill in the blank table below and answer the questions: 

 

Phone history Respond to 

human need 

Information 

transmitted 

Types of 

communication 

Additional 

functions / 

applications 

1876 - Wire phone 

 

Long-distance 

communication 

Voice Convert sound 

waves into electrical 

signals and vice 

versa 

 

1903 - Wireless 

phone 

 

 

 

    

1973 - Mobile phone 

 

 

 

   

    

In the near future – 

Nano-enabled phone 
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Questions: 

 

1. What are the improvements/innovations of the telephone since it was invented? 

(Based on the different aspects mentioned in the table) 

………………………………………………………………………………………………… 

…………………………………………………………………………………………………. 

…………………………………………………………………………………………………. 

 

2. How does the use of the phone affect your life (relate the different uses of the phone, 

time you spend talking on the phone, with whom do you communicate and about what)? 

…………………………………………………………………………………………………. 

…………………………………………………………………………………………………. 

…………………………………………………………………………………………………. 

 

3. Give another example of technology improvements/innovations. (Relate to 

“technology responds to evolving human needs” and describe the innovations in terms 

of size, materials, scientific knowledge, etc.) 

…………………………………………………………………………………………………. 

…………………………………………………………………………………………………. 

…………………………………………………………………………………………………. 

 

4. Design the phone of the future. (Sketch/draw and explain) 

 

 

 

 

 

 

 

 

 

 

 

Sketch Explain (what kind of features, 

functions and special designs your 

phone will have) 
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Appendix B - The history of phones 

The answers 

 

Phone 

history 

Response to 

human need 

Information 

transmitted 

Types of 

communication 

Scientific 

Principle of 

operation: 

Additional 

functions/ 

applications 

1876 - Wire 

phone 

 

 

 

Long-distance 

communication 

Voice Through wires Convert sound 

waves into 

electrical signals 

and vice versa 

 

1903 - Wireless 

phone 

 

 

Long-distance 

communication: 

- Extension of 

range over seas 

and oceans 

Voice Wireless 

communication 

Convert sound 

waves into 

electrical signals 

and vice versa 

 

1973 - Mobile 

phone 

 

 

   

All the above plus: 

- Mobility 

(communication 

from anywhere) 

Voice, photos, 

videos, 

text, 

Internet 

Wireless 

communication 

Convert sound 

waves into 

electrical signals 

and vice versa 

- Music player 

- Recorder 

- Camera 

- GPS 

- Calendar 

- Games  

In the near 

future – Nano-

enabled phone 

 

 

 

All the above plus: 

- Long battery life 

 

Voice, photos, 

videos, 

text, 

Internet  

Wireless 

communication 

Convert sound 

waves into 

electrical signals 

and vice versa 

All the above 

plus: 

- Sensors 

- Use as an 

accessory 
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Appendix B - Optional activity: The history of phones 

 

Discuss the dilemma: 

 

Mobile phones at school, should they be allowed? 

 

For using mobile phones in school: 

 

Argument 1 

…………………………………………………………………………………………………… 

Argument 2 

…………………………………………………………………………………………………… 

 

Against using mobile phones in school: 

 

Argument 1 

…………………………………………………………………………………………………… 

Argument 2 

…………………………………………………………………………………………………… 

 

References: 

Fair Cell Phone Use in Schools 

http://teachingtechnology.suite101.com/article.cfm/fair_cell_phone_use_in_schools 

 

Cell Phones at School: Should They Be Allowed? 

http://life.familyeducation.com/cellular-telephones/school/51264.html

Mobile phones are a wonderful convenience and fun gadgets to have. However, 

there is still debate about whether or not they belong in schools. In order to reach a 

consensus between parents, students, and educators, we would like you to come up 

with 2 arguments for and 2 arguments against using mobile phones in school  

 

(* to be sent to the forum) 
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Appendix C - The history of the light bulb 

“E-portfolio” [for all ages] 

 

Fill in the blank table below and answer the questions: 

 

Light bulb history Response to 

human need 

Scientific energy 

conversion 

 Materials  

1879- Incandescent bulb 

 

  

•    

1926- fluorescent bulb 

 

 

 

 

 

•    

1960- Light-emitting 

diode bulb 

 

•    

Future light-emitting 

device 
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Questions: 

 

1. What are the improvements / innovations in the light bulb since it was invented? 

(Based on the different aspects mentioned in the table) 

……………………………………………………………………………………………………..

…………………………………………………………………..………………………………….

……………………….…………………………………………………………………………..…

……………………………………………………………………………………………………. 

 

2. How does the use of light bulbs affect your (our) life? 

…………………………………………………………………………………………………...…

……………………………………………………………………………………………………..

………………………..……………………………………………………………………………

…………………………...……………………………………………………………………….. 

 

3. Run the bulb challenge animation (no. of light bulbs needed = 5) for three different 

daily usages hours (1, 4, 6 hours) and complete the total electricity cost (over 10 years 

for each type of bulb). 

 

- Which type of bulb is the most cost effective? 

- Calculate the electricity cost savings for the different daily usage hours. 

 

No. of light 

bulbs 

needed  

Daily usage 

[hours] 

Incandescent 

light bulb 

Fluorescent 

bulb 

Light-emitting 

diode bulb 

  Total cost over 10 years    [ Euro ] 

 

     5 

        1    

Savings [Euro]    

        4    

Savings [Euro]    

         6    

 Savings [Euro]    
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4. The modern world is an electrified world. The light bulb, in particular, profoundly 

changed human existence by illuminating the night 

 

       However, the effect on our lives…. [For the students to continue] 

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 
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Appendix C - The history of the light bulb 

The complete answers 

 

Light bulb history Response to human 

need 

Scientific energy 

conversion 

Materials  

1879- Incandescent bulb 

 

  

• Need for light Heat-driven light 

emissions emitting light 

from a vacuum 

Tungsten 

1926- fluorescent bulb 

 

 

 

 

 

• Need for light 

• More energy efficiency 

• Less energy consumption 

• Longer lifespan 

Chemical reaction 

emitting light from a gas 

Gas 

1960- Light Emitting 

Diode bulb 

 

• Need for light 

• Longer lifespan 

• Friendly to the environment 

 

Electrical reaction 

emitting light from a 

semiconductor 

Silicon 

Future light-emitting 

device 

 

• Need for light 

• Warm, pleasant 

• Pure white light 

• Different flexible shapes 

 

Emitting light from 

quantum dots 

Nano carbon 

tubes 
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Appendix C - Optional activity: The history of the light bulb 

Discuss the dilemma: 

 

To develop a future light source for energy efficiency (even if environmental risks 

remain unanswered)?7 

 

 

 

 

 

 

 

 

 

For developing a future light source in spite of environmental risks 

 

Argument 1 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

Argument 2 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

 

Against developing the future light source until all environmental risks are known 

 

Argument 1 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

Argument 2 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

                                                

7 The dilemma above also appears in the NANOYOU portal as an “NT virtual dialogue activity” (Revolution for the light 
bulb). 

Nano scientists are hoping that nano-crystals could eventually provide energy 

efficient lighting, reducing the amount of electric power used to generate light. There 

would be a significant reduction in power consumption and thus CO2 emissions. 

However nano-crystals still have unknown impacts and could present a problem 

when they need to be disposed of. They are made of toxic substances that would 

need to be properly managed if they are dumped near water or enter the waste 

streams. 
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C.3 - “What is NT?” workshop 

 

Tool ID 

Tool name “What is NT?” workshop 

 

Tool picture thumbnail 

 

 

 

 

 

Short description This is a card game workshop in which 

participants will work in groups and will take 

part in at least two activities in order to 

experience and study NT in the three sub-

areas (medicine, energy and the 

environment, ICT) 

Objectives 
• Know the basic concepts and ideas 

of NT and its applications. 

• Understand the nanoscale. 

• Be able to use this knowledge for 

discussion and decision-making. 

Keywords Nanoscale, Nanometre, Nanotechnology, 

Nanoscience, Bottom-up approach, Top-

down approach, Colloid, Fullerene, 

Scanning Tunnelling Microscope, Quantum 

dot, Semiconductor 

Age 11-13, 14-18 
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Tool explanation 

There are two types of card games: 

 

Memory games8 

Four different sets of cards. Each set addresses a different nano knowledge aspect. 

• Nano terms and definitions 

Know the basic terms and definitions of nanoscience and nanotechnology. 

(Be able to match nano terms to their definitions) 

• Nano applications (needs & solutions) 

Understand how nano applications (solutions) are a response to human needs. 

(Be able to match nano solutions to human needs) 

• Nanoscale of things 

Know the nanoscale dimensions. 

(Be able to match things to their nanoscale) 

• Nano questions & answers 

General knowledge on nanotechnology and nano science. 

(Be able to match questions to answers) 

• Nano science 

Pictures of nano structures 

 

 

Each card game consists of 16 cards (8 pairs). 

 

Rules of the memory card games 

Objective of the game: to find the matching pairs of cards and to be the player with 

most pairs. 

- Each group chooses one set of cards and puts the cards face down. 

- Each member (in turn) selects two cards and turns them face up. (It is 

recommended to read out loud and share the information on the card with the 

group). 

- If the two cards match, you score 1 point. Take the matching pair and select 

another two cards. 

                                                

8 All the card games can be downloaded from the website. The cards can be printed on A4 paper or cardboard. For best 
results, use 60g/m paper. 
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- If the two cards don’t match, turn them face down again and another member of 

the group will take his turn. 

- Try to remember what is on the cards so you can try again in your next turn. 

Optional rules of the memory card games (teachers’ recommendations) 

Instruction for the memory games (card game)9 

The following instructions are written on the board by the teacher before the students 

enter the class: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                

9 Suggested by Fran Macdonald, The Glasgow Academy, Scotland. 

Suggestions: Groups of four 

- Deal 5 cards to each person. 

- Put remaining cards face down with one card face up. 

- Read your cards to check for a matching pair (e.g. photos with description). 

- If find a matching pair, get it checked by other players and put the two cards 

aside as one “trick” to you. 

- If you don’t find a matching pair, take the top card from either face-up pile or 

face-down pile, check for match, lay down one of your cards onto face-up pile 

and play moves to the person to your left. 

- At end of 20 minutes, person with the most tricks is the winner. 
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Jigsaw puzzle game – Characteristics & application 

The jigsaw card game consists of 12 cards: 

• 4 cards which describe different characteristics of materials at the nanoscale 

• 4 cards which describe applications (products) based on the characteristics 

• 4 cards that present pictures of the products 

Example: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rules of the Jigsaw puzzle game 

Objective of the game: to match characteristic – application – picture. 

Group of three: 

Each student picks 4 cards. 

Each student in turn presents one card and the other two members will match it in order 

to make the right series (characteristic – application – picture) 

The Characteristic: 

Zinc oxide and titanium 

dioxide nano-sized 

particles in suntan lotion 

will stop the undesirable 

whitening effect usually 

found with sun care 

products, because they 

are smaller than the 

wavelength of light. They 

will also offer UV 

protection for longer 

periods.  

The Application: 

Suntan lotion need no 

longer be thick and white. 

Certain minerals have 

been made nano-sized 

and put into the lotion, 

making them invisible to 

the naked eye and more 

easily absorbed, thus 

offering longer lasting 

protection from harmful 

UV rays. 
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Lesson plan             [Time: 45 min] 

Stage Teacher role Student’s 

Outcomes 

Preparation 

[whole class] 

• Explain the objective and the rules of the card 

game. 

• Divide the class into groups: 

- for the memory game 4-5 members 

(according to the number of stakeholders in 

each card game) 

- for the jigsaw puzzle game, groups of 3 

• Each group gets one card game at a time. 

• Each group will take part in at least two different 

card games. 

 

Game workshop 

[groups] 

• After each group has finished, present the “right 

solution” as feedback 

 

Discussion 

[whole class] 

• Review basic nanoscience and nanotechnology 

terms. 

• Ask questions related to the terms mentioned in the 

different memory game aspects. 

• It is recommended to ask students to rank the scale 

of things (from the biggest to the smallest). 
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NANOYOU Experiments 

The NANOYOU team has developed both laboratory experiments that teachers and 

students can easily perform together in the school laboratory, and a virtual experiment 

to be performed online. 

 

 Tools Experiments Dialogue 

mode 

Student’s 

Outcomes 

C.4 Laboratory Experiments Natural nanomaterials, 

properties of nanomaterials, 

engineered nanomaterials 

for medicine and 

environmental applications. 

Hands-on Student lab 

Worksheets 

C.5 Virtual laboratory 

experiment 

Build an electronic nose Virtual  
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C.4 - Laboratory Experiments 

 

Tool ID 

Tool name Laboratory experiments Tool picture thumbnail 

 

 

 

 

 

 

 

 

 

Short description The focus of these experiments is fundamental 

nanoscience and some applications of 

nanomaterials in products such as textiles and 

diagnostic medical devices. 

 

Objectives The laboratory experiments have been developed 

to allow teachers and students to perform some 

simple experiments in their school laboratory and 

see with their own eyes some interesting 

properties of nanomaterials. 

Keywords  

 

Age 11-13, 14-18 

 

The Teachers’ Training Kit includes Experiment Modules in which four laboratory 

experiments are described. 

 

Each experiment includes several documents: 

• Teacher background resources (background reading, protocol, etc.) 

• Student background reading 

• Student laboratory worksheet and student synthesis procedure (where applicable) 

 

Some videos of these experiments are also provided to aid teachers and give 

supporting information. 

 

All the information, documents and supporting videos can be found online under the 

“Nano Lab” section of the nanoyou.eu website. 

The table below is a list of the experiments; teachers can find also additional 

information related to each experiment in the Teachers’ Training Kit, as outlined below. 
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Experiment Level Teachers’ Training 

Kit – additional 

information 

Video 

A- Natural nanomaterials Simple Part 1- Chapter 2 No video 

B- Liquid crystals Medium Part 1- Chapter 5 NANOYOU Video 1- Liquid 

Crystals 

C- Plasmonic gold nano-sensor Advanced Part 2- Chapter 1 NANOYOU Video 2- Gold 

nano-sensor 

D- Superhydrophobic materials Simple Part 2- Chapter 2 and 

Chapter 3 

NANOYOU Video 3- Lotus 

effect Part 1 

NANOYOU Video 4- Lotus 

effect Part 2 

 

The experiments cover fundamental concepts of nanoscience (Experiments A and B) 

and applications of nanotechnologies (C and D): 

Experiment Topic Concepts 

A- Natural nanomaterials Fundamental nanoscience 
• natural colloids 

• nanostructure→function 

B- Liquid crystals Fundamental nanoscience 
• molecular self-assembly 

• optical properties of 

nanomaterials 

C- Plasmonic gold nanosensors Application of NT: medicine 
• plasmonics (metal 

nanoparticles) 

• gold colloids as sensors 

D- Super hydrophobic 

materials 

Application of NT: 

environment 

• lotus-effect nano-engineered 

surfaces and textiles 
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Age level 

The experiments are available for two age groups: 

• age 11-13  

• age 14-18  

 

The version for the 11-13 year olds is a simplified version of the one for the older age 

group, and has been developed to encourage younger students to solve small problems 

and perform simple experiments; tips and teaching strategies are provided. It is 

assumed that the synthesis of the nanomaterials in the case of the younger students 

will be performed by the teacher only, whereas older students should work in small 

groups and try to perform the experiments independently (but always under 

supervision). 

 

Lesson plan 

Stage Teacher role Student’s Outcomes 

Preparation 

[whole class] 

30 minutes 

• Explain the objective and the procedures of 

the experiment using teacher background 

document. 

• Divide the class into groups of 4-5 students. 

• Give worksheets and background reading 

documents to each student. 

• Teacher should have set up the laboratory 

before starting the experiment
 

Obtain an overview of the 

experiment, its aim and 

procedure, what to look for, 

etc. 

 

 

 

Experiment 

[groups] 

1 to 2 hours 

• Follow the instructions on the protocol. 

• Ask students to fill in the student worksheets 

as they perform the experiment. 

• Record the experiment through pictures, video 

etc.
 

 

Discussion [whole 

class] 15 min 

• Finish the experiment by discussing the 

outcome of the experiment with the class, 

whether they observed what they expected, 

etc. 

• Encourage questions
 

Upload pictures and 

comments on Nanoyou 

website 
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Important note: The experiments use chemicals which need to be used according to 

MSDS specifications. Follow school lab safety guidelines. Personal protection must be 

taken as indicated. As with all chemicals, use precautions. Solids should not be inhaled 

and contact with skin, eyes, or clothing should be avoided. Wash hands thoroughly after 

handling. Dispose of as indicated. All experiments must be conducted in the presence 

of an educator trained for science teaching. All experiments will be carried out at your 

own risk. Aarhus University (iNANO) and the entire NANOYOU consortium assume no 

liability for damage or consequential losses sustained as a result of the carrying out of 

the experiments described. 
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C.5 - Virtual laboratory 

 

Tool ID 

Tool name Virtual experiment 

http://www.nanoyou.eu/en/virtual-

lab.html 

Tool picture thumbnail 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Short description The Virtual Lab lets you become a 

researcher and do your own experiments 

online. Based on current research in the 

field of nanotechnologies (NTs), the 

experiments of the Virtual Lab cover 

several research areas such as 

medicine, energy, environment, and 

information and communication 

technologies (ICT). 

 

 

Would you like to experience what it is 

like to be a nano-scientist? Try the virtual 

experiments that NANOYOU is 

developing... Do the research yourself. 

 

Objectives To give students an opportunity to find 

NT background information together with 

virtual simulations that visualize current 

NT research projects and applications. 

 

Keywords  

Age 11-13, 14-18 
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Dialogue-related tools and activities 

There is a strong need to inform and engage individuals in today’s society about new 

technologies and the implications of their usage. 

 

Nanoyou contains tools and activities designed to engage young people in dialogue 

about the ELSA (social, legal, ethical aspects) and safety aspects of nanotechnologies, 

including, for example, a role play workshop. 

 

 Tools ELSA activities Dialogue 

mode 

Student’s 

Outcomes 

C.6 NANOYOU Role Play 

Card game 

Stakeholders’ opinions Face to face Group Presentation 

C.7 NT virtual dialogue Respond to a dilemma 

and communicate in a 

forum 

Virtual 
• Respond in a 

dialogue box 

• Respond in a 

forum 

 

Teachers can find some additional background information for these dialogue-related 

tools in the Teachers’ Training Kit. In Part 1 and Part 2 of the kit topics of safety and 

ELSA relating to nanotechnologies are provided and cross-references to the 

NANOYOU tools are highlighted. Below is an overview: 

 

Tool Description 

C.6- NANOYOU Nano Role Play (Card game) The dilemmas are discussed in Part 2 of the 

Teachers’ Training Kit within the various 

application areas (“NANOYOU dilemma” blue 

boxes). 

C.7- NANOYOU Virtual Dialogue  

ELSA Topics in the NANOYOU Teachers’ Training Kit In the kit teachers will find ELSA boxes 

throughout the text of the chapters of Module 2 

(“ELSA Topic” orange boxes). 
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Development of dialogue-related tools and activities 

C.6 - NANO Role Play 

 

Tool ID 

Tool name NANO-Role Play Tool picture thumbnail 

 

Short description This is a card game workshop in which participants 

will work in groups presenting different opinions of 

stakeholders with regard to nanotechnology 

dilemmas (ELSA).  

Objectives 
• Discuss and debate the ways in which 

nanotechnology might affect their lives. 

• Discuss and debate the potential of 

nanotechnology (from stakeholders’ 

opinions) beyond its current applications. 

• Present opinion/arguments (based on 

knowledge) on nanotechnology dilemmas 

and whether NT would be to the benefit for 

humankind. 

Keywords ELSA, Dilemma 

Age 11-13, 14-18 
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Tool explanation 

There are 10 sets of cards with different dilemmas for ages 11-13, 14-18. 

 

Context The dilemma  ELSA 

Age 11-13 

GPS Jacket Should we buy jackets with built-in GPS systems? Social & 

Ethical 

Antibacterial socks Is it right to sell antibacterial socks containing silver nanoparticles 

when it is not known yet if there are entirely safe for the 

environment? 

Social 

Want to be a 

Superhuman? 

Is it acceptable to use processes developed for medical treatment 

to enhance the human body? 

Social 

Improve Human Brain 

Capabilities 

Is it ethically acceptable to use technologies developed for specific 

medical treatments for other purposes like improving human 

capabilities? 

Ethical 

Nanoparticles to detect 

food freshness 

Should Nanoscience be used in our food or pharmaceutical 

packages to detect freshness, when we still do not know the full 

ramifications of the using nanoparticles? 

Legal 

Age level 14-18 

Pioneering cancer therapy 

using nanoparticles 

coated with 

Should gold-coated nano particles be used for human bodies’ 

treatment before possible health risks have being explored? 

Ethical 

Nano sensors used for 

Medical diagnostics 

Should nano sensors be used to diagnose medical conditions in 

the early stages when there are still no definite restrictions in 

place to protect patients’ privacy? 

Ethical 

Nano based solar cell – 

benefits and risks  

Should nano-based solar cells be used before all associated risks 

are established? 

Social 

Internet for everything Do we want to live in a world where everything is observed and 

open to scrutiny? 

Social & 

Ethical 

Revolution for the light 

bulb 

Do we pursue quantum dot technology even though health and 

environmental risks remain unanswered? 

Legal 
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In each set of cards there are three types of cards: 

• One “dilemma card” (for the entire group) 

• 4-5 different stakeholders’ cards (one for each member) 

• One open card for one of the group’s members to express his own personal opinion as a 

young person. 

 

Age groups 

• Age 11-13 versions 

Nano dilemmas and applications that are relevant to the young age group. 

• Age 14 -18 versions 

Nano dilemmas and applications that are relevant to the older age group, with 

additional complex considerations for the stakeholders. 

 

Game procedures 

Part 1 – Preparations10 

Each group gets one set of cards. 

Each member gets one stakeholder card. 

One of the group members reads (aloud for the entire group) the “dilemma card”. Make 

sure that everyone understands the dilemma. 

 

Part 2 – Share your opinion and discuss the dilemma with others11 

Study the dilemma and represent your stakeholder opinion based on the information on 

your stakeholder card (Appendix A – table 1). 

Relate/respond to other stakeholders’ opinions (Appendix A – table 2). 

• Clarify what your opinions are. 

• Let your voice be heard. 

• Remember: knowledge is necessary to create an opinion and to convince group 

members. 

• Enjoy discussing! 

 

                                                

10 All the card games can be downloaded from the website. The cards can be printed on A4 paper or cardboard. For 
best results, use 160g/m2 paper. 
11 The goal is not to find the “right” solution to any dilemma but rather to gain a better appreciation of the legitimate 
differing viewpoints of the various stakeholders, which is an important element in reaching reasonable decisions. 
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Additional reading 

A list of reading resources is available for each dilemma, to help teacher and students 

gather more information on each. The list is provided as a Word document which is 

available online. 

 

Lesson plan      [Time: 30 Min] 

Stage Teacher role Student’s Outcomes 

Preparation 

[whole class] 

• Explain the objective and the procedures of the 

role play card game. 

• Divide the class into groups of 4-5 students. 

• Each group gets one card game at a time. 

• Recommended by teachers: allow students to 

have time to gather information on the topic, so 

first distribute the cards, then run the activity on 

another day. Use additional reading list provided. 

• Each group will take part in at least two different 

card games 

 

Role play 

[groups] 

• The teacher might choose to deal with one 

dilemma for all the class groups or different 

dilemmas for each group. 

• Ensure that all students understand their role 

and all stakeholders’ opinions are taken into 

account. 

Group presentations 

(Appendix A)  

Discussion 

[whole class] 

There is an option to present the discussions at the end 

of the workshop in the form of a “NANO Hyde Park”, with 

a “Speakers’ Corner” inspired by the well-known 

“Speakers’ Corner” in Hyde Park, London, where each 

group will speak aloud in front of the other groups for 5-7 

minute and present a summary of their main ideas. 

To be uploaded on the 

Nanoyou website 
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Additional Information and Appendix 

NT Concept – ELSA 

 

Nanotechnology is being heralded as a new technological revolution, one so profound 

that it will touch many aspects of human society. Some believe that these influences will 

be overwhelmingly positive and beneficial, while others see more threats and risks. 

 

• What is ELSA? 

ELSA is an acronym for Ethical, Legal and Social Aspects of nanotechnology and it is 

used to designate all kinds of different opportunities and threats that applications of NT 

can pose to society. ELSA could be formulated in questions such as: What will society 

look like when this or that nanotechnological method or product, or nanotechnology in 

general, are introduced? Will the products be profitable? Will the development be to our 

benefit or harm? Whose benefit or harm? Are there ethical problems? 

 

Ethical dilemma 
Questions often involve an apparent conflict between moral imperatives, in 

which to obey one would result in transgressing another 

Legal dilemma 
Question as to whether the current regulatory framework sufficiently 

addresses safety standards of NT-based devices 

Social dilemma 
Question in which the NT component or application has a direct or indirect 

impact on society and the natural environment 

 

• What is a dilemma? 

A state of uncertainty or perplexity especially as requiring a choice between equally 

unfavourable options: wordnet.princeton.edu/perl/webwn 

 

• Talking about ELSA in class 

Teachers can find additional ideas and resources for discussing ELSA topics in class in 

Chapter 1 (Part 1) of the Teachers’ Training Kit, pages 13-17. 
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Appendix A - Student’s Outcomes 

 

The Dilemma: 

……………………………………………………………………………………………………

……………………………………………………………………………….. 

 

Table 1: Represent your stakeholder opinion 

Student name: Stakeholders For/Against Arguments 

    

    

    

    

 

 

Table 2: Relate/respond to opinions of other stakeholders 

Student name: Stakeholders For/Against Arguments 

    

    

    

    

 

Conclusions :( as a group or as individual) 

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 
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Appendix B - Useful phrases for discussing issues 

 

On the one hand; On the other hand; Try to see the situation from my point of view; 

That is true but..; And another thing is..; I can see that, but...; I take your point about 

that, but..; I do not think so, for two/three reasons ...; On the whole ...; That is all true, 

but..; When we think about it carefully…; Now, Eve; I must take issue with you there; 

On the contrary…; The important point I want to make is that…; Let’s look at the 

problem from another angle; Remember to take this into account…; No other 

considerations?; These bare figures do not give the whole picture; However, in the 

present context your arguments seem to be beside the point; I take notice of what you 

say, but..; I would very much like to agree with what you said, but..; I must disagree with 

you here; I am not quite sure of that; I can’t make up my mind where I stand on this; 

What is your view on this?; My attitude towards…; To take a keen interest in...; 

Supporter of…; I strongly approve of…; I presume most people would share that 

particular viewpoint; My own feeling is that…; Are you under the impression that all 

smokers are fools?; I must admit that…; I’m afraid I’m tempted to agree, but…; I 

advocate…; To my mind…; I’m of the opinion that…; In my view…; I wholly disapprove 

of…; I’m a fierce opponent of…; I’m fully convinced that..; I suppose you might have a 

point there, but..; It’s quite a liberal approach..; I don’t think so..; I couldn’t agree more.; 

That’s not the way I see it.; There is lot in what you say but…; I’m of exactly the same 

opinion but..; I’d go along with you there but...; As I see it..; The way I see it..; I’m 

convinced that...; I take the view that...; To be perfectly honest what I reckon is that… 

Opinions, preferences: I think...; In my opinion...; I’d like to...; I’d rather...; I’d prefer...; 

The way I see it...; As far as I’m concerned...; If it were up to me...; I suppose...; I 

suspect that...; I’m pretty sure that...; It is fairly certain that...; I’m convinced that...; I 

honestly feel that…; I strongly believe that...; Without a doubt,…. 

Disagreeing: I don’t think that...; Don’t you think it would be better...; I don’t agree; I’d 

prefer...; Shouldn’t we consider...; But what about...; I’m afraid I don’t agree...; Frankly; I 

doubt if...; Let’s face it; the truth of the matter is...; The problem with your point of view 

is that.... 

Giving reasons and offering explanations: To start with…; The reason why...; That’s 

why...; For this reason...; That’s the reason why...; Many people think....; Considering...; 

Allowing for the fact that...; When you consider that.... 
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C.7 - NT virtual dialogue 

 

Tool ID 

Tool name NT virtual dialogue Tool picture thumbnail 

 

 

 

Short description 6 different computer animated stories which 

describe a problem, a solution enabled by 

nanotechnology, and the effects. 

For each story a dilemma is presented. 

The students are asked to offer their opinion 

and justify it.  

Objectives 
• Discuss and debate the ways in which 

nanotechnology might affect our lives. 

• Discuss and debate the potential of 

nanotechnology beyond its current 

applications. 

• Discuss and debate whether 

nanotechnologies would be to the 

benefit or to the risk of humankind.  

Keywords ELSA, Dilemma 

Age 11-13, 14-18 
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Tool explanation 

Description of the tool 

In this activity  6 dilemmas (from the three chosen sub-areas) are presented using 

animation. The students are asked to offer an opinion about each dilemma and justify 

their opinion by using knowledge they have acquired about NT. They will upload their 

argumentation with the NT explanations and justification to a forum on the project 

website ,where they can respond to each other. This forum is opened to participants in 

various countries to facilitate exchanges of ideas and opinions from different countries 

and cultures. 

 

Context The dilemma  ELSA 

GPS Jacket Should we buy jackets with built in GPS system? Social & ethical 

Antibacterial socks Should we use antibacterial socks considering the possible effects 

on the environment? 

Social 

(environmental) 

Nano Tooth brush Should we use the nano-silver antibacterial toothbrush 

considering the possible effects on the human body? 

Social 

(environmental) 

Boat coating Is it right to use a nanostructured boat paint containing 

nanoparticles on our boats when we don’t know what effect this 

could have on the oceans? 

Social 

(environmental) 

Sun screen Should sun screens containing nanoparticles be used when the 

risks are still not known? 

Social 

(health care) 

The future light 

source 

To implement (or not) the future light source for energy efficient 

(even when environmental risks remain uncertain)? 

Ethical 
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The NT virtual dialogue framework 

Each NT virtual story is presented on the computer through three relevant scenarios12 

that the students have to follow in a sequence. 

 

• First scenario describes a problem or a specific human need. 

• Second scenario describes the nano solution to the problem. 

• Third scenario describes possible effects of the solution. 

 

 

 

 

 

 

 

 

The three scenarios are followed by a dilemma to which the student has to relate by 

offering his/her opinion and justifying it. The student will respond to the dilemma in a 

dialogue box template which will be than uploaded to a forum. 

 

Game procedure 

Work individually on the computer: 

• Choose one of the NT virtual stories and follow the instructions on the screen. 

• Answer the questions in the dialogue box attached to the story. 

• Upload the dialogue box to the forum. 

• Respond and communicate in the forum 

 

                                                

12 The scenarios are presented through texts, pictures and animations. 

Problem Solution Possible effects 

The dilemma: 
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Lesson plan             [Time: 30 Min.] 

Stage Teacher role Outcomes 

Preparation 

[whole class] 

Explain the objective and the procedures of the virtual 

dialogue game. 

 

NT virtual dialogue 

[individual] 

The teacher might choose to deal with one dilemma for 

all the class groups or different dilemmas for each group. 

Responds  in the dialogue 

box on the NANOYOU 

portal   

http://www.nanoyou.eu/ 

Discussion 

[whole class or in 

groups] 

There is an option for a face to face discussion to 

promote and enhance argument skills and critical 

thinking. 

Ask students to conduct a survey in their community 

(family) on one specific dilemma and present the 

information in class 

Dialogue page 

(Appendix  A/B) 

 

Ages: 

• Age 11-13 

After the students have followed the NT virtual story (problem – solution – possible 

effects), the dilemma will be presented on the screen and the student will be required to 

write down his/her opinion and justify it. 

• Age 14-18 

After the students have followed the NT virtual story (problem – solution – possible 

effects), the student is asked to identify a dilemma and then will be required to write 

down his/her opinion and justify it. 
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Appendix A - Dialogue box    (age 11-13)    

 

Name:………………….     School: ………………….      Country:................................... 

 

NT virtual story: ………………………………………………………………………………. 

 

Q: The dilemma 

 

 

 

 

 

Q: What is your opinion? 

 

 

 

 

 

 

Q: Please justify your opinion 
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Appendix B - Dialogue box    (age 14-18)    

 

Name:………………….     School: ………………….      Country:................................... 

 

NT virtual story: …………………………………………………………………………… 

 

Q: Identify one possible dilemma 

 

 

 

 

 

Q: Point out advantages and disadvantages of using sunscreens containing 

nanoparticles 

 

 

 

 

 

Q: What is your opinion? 

 

 

 

 

 

Q: Please justify your opinion 
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The NANOYOU Web Portal 

The portal is composed of an external interface for public use, where there is a general 

project presentation with downloadable materials. The portal offers visitors the 

opportunity to download or use on-line all the tools developed during the project. It also 

offers operational tool for schools and Web 2.0 photo tools for science centres. The 

portal is available in the following languages: English, Catalan, French, German, Greek, 

Italian, Latvian, Lithuanian, Portuguese, Romanian, Slovakian and Spanish. 

 

 

http://www.nanoyou.eu/ 
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All Experiments 

 

Experiment A: NATURAL NANOMATERIALS 

 

Aim: We have numerous natural nanomaterials around us and in this experiment 

students will learn that two very common materials, gelatine and milk, are indeed two of 

these. Milk as we know it is white and its appearance is connected to the presence of 

numerous proteins which are self-assembled in specific nanostructures, called casein 

micelles, 50-300 nm in size. When milk is heated and an acid such as vinegar is added, 

this molecular organization is disrupted and milk agglomerates and a “curd” precipitate 

forms. Interestingly, if the same is done using cold milk, only thickening occurs but no 

precipitate is formed. Students will learn that this is because the stability of casein 

micelles in milk is due to both electrostatic and hydrophobic interactions; therefore, 

depending on the degree of disruption of these interactions, different effects are 

obtained. Overall the experiment will show how the appearance (colour, odour) and 

function of a material such as milk are profoundly connected to its molecular supra-

organization (nanostructures). By altering this organization, new materials are obtained 

(in the example of milk processing, these are cheese, yogurt, etc). This is a 

fundamental concept of nanoscience. 

 

Level of experiment: Simple 

 

Time required: 1 hour 

 

Field of nanotechnology application: Fundamental concepts in nanoscience 

 

Extra teachers’ reading: Chapter 2 “Natural nanomaterials” and Chapter 4 

“Fundamental nano-effects” in Module 1 of NANOYOU Teachers’ Training Kit in 

Nanotechnologies. 
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Required student pre-knowledge: 

• Light absorbance and scattering. 

• Protein structure (primary, secondary, etc.) and relationship between protein structure 

and function. 

 

Student reading & assessing: NANOYOU Students’ background document for 

“Experiment A” & “NANOYOU Student laboratory worksheet Experiment A”. 

 

Expected outcomes: 

• Existence of natural nanomaterials: gelatine and milk as examples of natural colloids. 

• Light interaction with colloids. 

• Protein self-assembly into nanostructures. 

• Relationship between milk’s “macro” properties (colour, smell, taste, consistency) and its 

molecular structure and how these can be manipulated to obtain different products 

(cheese, yogurt, etc). 
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Experiment B: LIQUID CRYSTALS 

 

Aim: Liquid crystals (LCs) are an example of self-assembled molecules that are 

sensitive to external factors, such as temperature, and that change their assembly as a 

consequence of these variations. The effect in some types of LCs is a change of colour. 

This experiment will show students two fundamental concepts: 1. The way a material 

behaves at the macroscale depends on its structure at the nanoscale, and 2. At the 

nanoscale LCs are self-assembled molecules that organize themselves into 

nanostructures which have specific optical properties. 

 

Level of experiment: Medium 

 

Time required: 1.5 - 2 hours 

 

Field of nanotechnology application: Fundamental concepts in nanoscience 

 

Extra teachers’ reading: Chapter 5 “Overview of nanomaterials” in Module 1 of 

NANOYOU Teachers’ Training Kit in Nanotechnologies. 

 

Video: NANOYOU Video 1- Liquid crystals 

 

Required student pre-knowledge: 

• Electromagnetic radiation, colour and absorbance 

• Concept of self-assembly 

• Concept of chirality 

 

Student reading & assessing: NANOYOU Student background document for 

Experiment B & NANOYOU Student laboratory worksheet for Experiment B. 

 

Expected outcomes: 

• Understanding of concept of self-assembly 

• Understanding that the way a material behaves at the macroscale is affected by its 

structure at the nanoscale 

• Learn about liquid crystals and how they work 
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• Test a real thermotropic liquid crystal and see how its colour changes with temperature 

• Create a liquid crystal thermometer 
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Experiment C: COLORIMETRIC GOLD NANO-SENSOR 

 

Aim: Plasmonic colorimetric nanosensors are used in nanomedicine because they 

allow the precise detection of specific analytes with high sensitivity and without the 

need for a label. In a colloidal plasmonic biosensor (for instance made of gold 

nanoparticles) the sensing event results in a change of aggregation in the colloid, which 

can determine a colour change of the colloid. The aim of this experiment is to 

synthesize and test a plasmonic colorimetric sensor. First the students synthesize a 

colloid of gold nanoparticles and learn that the colour of the gold colloid is ruby-red so 

they will have direct evidence that the size of a material at the nanoscale determines its 

properties. The gold colloid prepared is tested as a chemical colorimetric sensor: by 

adding a salt to the colloid; its agglomeration changes, which results in a change in 

colour (from ruby-red to blue). In the experiment the students test other solutions, such 

as sugar, and observe the effect on the colloid. The last test involves the use of a 

protein and shows how these can coat the nanoparticles to the extent that they can no 

longer aggregate. 

 

Level of experiment: Advanced 

 

Time required: 2 hours 

 

Field of nanotechnology application: Medicine 

 

Extra teachers’ reading: Chapter 4 of Module 1 “Fundamental ‘Nano-effects’” and 

Chapter 1 of Module 2 “Application of Nanotechnologies: Medicine and Healthcare” in 

the NANOYOU Teachers’ Training Kit in Nanotechnologies. 

Video: NANOYOU Video 2- Gold colloid 

 

Required student pre-knowledge: 

• Electromagnetic radiation, colour and absorbance, light scattering 

• Concept of bio-recognition 

 

Student reading & assessing: “NANOYOU Students’ background document for 

Experiment C”, “NANOYOU Student laboratory worksheet for Experiment C”. 
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Expected outcomes: 

• Understanding the effect of size on the properties of a familiar material such as gold. 

• Properties of colloids; optical properties of gold nanoparticles. 

• Understanding of the use of metal colloids for sensing and in particular medical 

diagnostics. 
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Experiment D: SUPERHYDROPHOBIC MATERIALS 

 

Aim: The aim of this experiment is to show students some innovative materials that are 

highly water repellent, stainless and require less cleaning thanks to their surface nano-

engineering. These materials have been developed using Nature as an inspiration, 

since some plant leaves (like the lotus leaf or the nasturtium leaf) have the exceptional 

property of being superhydrophobic due to nanostructures that are present in their 

surface composition. Water simply rolls off these leaves! The effect is due to the 

interplay of surface chemistry and surface topography at the micro- and nano-levels. 

The students will 1. Analyse different materials, including leaves, polymers, glass, etc. 

and analyse their wetting properties; 2. See and test functional nanomaterials that have 

been engineered at the nanoscale to be superhydrophobic: a porous silicon wafer 

fabricated at iNANO (analysis is done by watching a video); and a fabric (from Nano-

Tex, Inc.). 

 

Level of experiment: Simple 

 

Time required: 1-1.5 hours 

 

Field of nanotechnology application: Energy & Environment: Environmentally 

friendly materials. 

 

Extra teachers’ reading: Chapter 2 “Natural nanomaterials” and Chapter 5 “Overview 

of nanomaterials” in Module 1; Chapter 2 “Applications of Nanotechnologies: 

Environment” and Chapter 3 “Applications of Nanotechnologies: Energy” in Module 2 of 

the NANOYOU Teachers’ Training Kit in Nanotechnologies. 

Video: NANOYOU Video 3-  Lotus Effect® (Part 1) & Video 4- Lotus Effect® (Part 2) 

Required student pre-knowledge: 

• Surface properties (hydrophilic, hydrophobic) 

• Contact angle (use Appendix I if needed) 

 

Student reading & assessing: NANOYOU Students’ background document for 

Experiment D & NANOYOU Student laboratory worksheet for Experiment D. 
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Expected outcomes: 

• Wetting of surfaces, and the super-hydrophobicity in natural materials 

• Novel advanced materials that have been engineered at the nanoscale to be 

superhydrophobic and their applications 
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NANOYOU Tool - Links to Teachers’ Training Kit 

 

Tool ID NANOYOU Tool Link to Teachers’ Training Kit  

C.1 NANOYOU Video  

What is Nano? Module 1- Chapter 1 

Nature’s Nano Module 1- Chapter 2 

Making New nano Module 1- Chapter 4, Chapter 5, Chapter 6, 

Chapter 7 & Module 1- Chapter 1 

Nano Close Up Module 1- Chapter 4, Chapter 7 

Nano Future Module 2- Chapter 1, Chapter 2, Chapter 3, 

Chapter 4 

NANOYOU Posters  

The Nanoscale Module 1- Chapter 1, Chapter 2 

How is Nano special Module 1- Chapter 4 

Nanotechnology and Medicine Module 2- Chapter 1 

Nanotechnology and Energy Environment  Module 2- Chapter 2 & Chapter 3 

Nanotechnology and ICT Module 2- Chapter 4 

NANOYOU Presentations  

Discover the nanoworld Module 1-all chapters & Module 2- all 

chapters 

Benefits and risks for developed and 

developing countries 

Module 1- Chapter 1 

C.2 NANOYOU Nanotechnology time machine 

game 

 

History of the phone Module 2- Chapter 4 

History of the light bulb Module 2- Chapter 3 & Chapter 4 

C.3 NANOYOU Memory game  

Terms and definitions Module 1- Chapter 1, Chapter 5, Chapter 7 
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Tool ID NANOYOU Tool Link to Teachers’ Training Kit  

Nanoscale Module 1- Chapter 1 

Nanoscience Module 1- Chapter 5 

Nanotechnology applications Module 2- all chapters 

Questions & Answers Module 1- Chapter 1 

NANOYOU Jigsaw puzzle game  

Zinc oxide sunscreen Module 1-Chapter 4 p.21 & Module 2-

Chapter 5 pp. 22-24 

Anti-graffiti coating Module 2- Chapter 2, p.16 

Carbon nanotubes composites Module 1- Chapter 5, pp. 28-34 

Nature-inspired nanomaterials Module 1- Chapter 2 (all) & Chapter 5 pp. 5-7 

C.4 NANOYOU Laboratory Experiments  

A- Natural nanomaterials Module 1- Chapter 2 

B- Liquid crystals Module 1- Chapter 5 

C- Gold nanosensor Module 1- Chapter 4 & Chapter 5, Module 2- 

Chapter 1 

D- Superhydrophobic material Module 1- Chapter 2, Module 2- Chapter 2 & 

Chapter 3 

C.5 NANOYOU Virtual Experiment Module 2- Chapter 1 p. 10-11 

C.6 NANOYOU Role Play game  

GPS jacket Module 2- Chapter 4 pp. 28-29 

Antibacterial socks Module 2- Chapter 2 pp. 14-16 

Want to be superhuman? Module 2- Chapter 1 pp. 23-26 

Improve human brain capacities Module 2- Chapter 1 pp. 30-31 

Nanotechnology in food packaging Module 2- Chapter 2 pp. 23-25 

Pioneer cancer therapy with nanomolecules Module 2-Chapter 1 p. 22 

Nanosensors in medical diagnostics Module 2- Chapter 1 pp. 6-11 

Nano-based solar cell Module 2- Chapter 3 p.11 
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Tool ID NANOYOU Tool Link to Teachers’ Training Kit  

Internet for everything Module 2- Chapter 4 pp. 27-29 

Revolution for the light bulb Module 2- Chapter 3 p.26 

C.7 NANOYOU Virtual Dialogue  

GPS jacket Module 2- Chapter 4 pp. 28-29 

Antibacterial socks Module 2- Chapter 2 pp. 14-16 

Nano toothbrush Module 2- Chapter 2 pp.14-16 

Boat coating Module 2- Chapter 2 pp.14-16 

Nanotechnology in food packaging Module 2- Chapter 2 pp. 23-25 

Sun screens Module 1-Chapter 4 p.21 & Module 2-

Chapter 5 pp. 22-24 

Nanosensors in medical diagnostics Module 2- Chapter 1 pp. 6-11 

The future light source Module 2- Chapter 3 p.26 
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Part D - The NANOYOU programme 
 

A selection of virtual and face-to-face activities is available for the outreach activities in 

schools. NANOYOU’s educational team has devised suggestions for the one-day 

programme as well as for the lesson modules. Table 4 below presents an overview of 

the virtual and face-to-face tools and activities that will be the “building blocks” for the 

one-day programme and the lesson modules to be used in schools for reaching 11-18 

year olds. 

 

Overview of NANOYOU tools and activities 

Activity name Activity type What does it 

teach? 

Activity 

duration 

Target age 

groups 

Equipment and 

instructional kit 

NT time 

machine virtual 

game 

Virtual NT knowledge 20 - 45 

minutes 

11 - 13 

14 - 18 

Computers; e-portfolio 

and instructional kit 

Virtual 

laboratory 

Virtual NT knowledge 15 - 45 

minutes 

11 - 13 

14 - 18 

Computers + 

instructional kit 

Role play 

workshop 

Face-to-face ELSA of NT 45 minutes 11 - 13 

14 - 18 

Cards and teacher 

instructions 

What is NT? 

Workshop 

Face-to-face NT knowledge 45 minutes 11 - 13 

14 - 18 

Teacher instructions 

Video To be followed 

by face-to-face 

NT knowledge 15 minutes 11 - 13 

14 - 18 

Video or computer 

with projector + 

instructional kit 

NT virtual 

dialogue 

Virtual ELSA of NT  20 - 40 

minutes 

11 - 13 

 14 - 18 

Computers; e-portfolio 

and instructional kit 

Laboratory 

experiments 

Hands-on NT knowledge 1-3 hours 

(depends on 

age) 

11-13 

14-18 

Laboratory equipment 

and chemicals; 

computer 
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One-day NANO-happening programme 

We present this suggestion for a one-day programme in schools. The rationale is to 

devote the morning to informing about nanotechnology, providing balanced, up-to-date 

information, while the afternoon will use the new knowledge to get into ELSA concerns 

on a single issue via a role-play activity: 

 

Time The activity Equipment and 

instructions 

8:30-8:45 Welcome, preview of day  

8:45-9:30 Video (and possibly PPT presentation) introducing the 

nanoscale, nanomaterials and nanotechnology. 

Video or computer with 

projector + instructional kit 

9:30-10:00 Raising questions in order to motivate students about NT  Board + instructional kit 

10:00-10:15 Break/snack  

10:15-11:15 Temporary exhibition including computer-based activities 

(e.g. virtual game, online experiments) focused on 2-3 NT 

sub-areas, including actual/potential benefits and risks 

PCs (assumes adequate 

availability) 

11:15-12:00 1st Workshop: What is NT?  Board games 

(downloaded from 

NANOYOU portal + 

instructional kit 

12:00-13:00 Lunch  

13:00-13:10 Introduction to afternoon’s programme Cards and teacher 

instructions 
13:10-15:30 2nd Workshop: discussing social implications through role-

play 

15:30-16:15 NANO-Hyde Park, with Speakers’ Corners: 

discussion/reactions to reports; conclusions/evaluation 
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Lesson modules 

The second option for outreach activities in schools is to use some lesson modules. 

Science teachers will be able to choose one or more modules from the following. Three 

modules (Modules 1, 2 and 3) are for the introduction of NT. Modules 1 and 2 require 

the use of computers, while module 3 does not. Two modules (Modules 4 and 5) are for 

discussing ELSA aspects of NT. Module 4 requires the use of computers, while module 

5 does not. Each module is designed to take 90 minutes (2 lessons of 45 minutes 

each), which is considered a necessary amount of time for significant learning to take 

place. An additional module (Module 6) is suggested to run one (or more) of the 

laboratory experiments. Teachers might want to start with a laboratory activity first, and 

then move to more theoretical lessons. 

 

Module 1: (90 minutes) - What is NT? 

Time Activity Equipment and 

instructions 

15 minutes Video - NT- The future is here (C.1) Video 

20 minutes Discussion: Based on the video what is NT? Teacher instructions 

30 minutes In groups gathering information – answers to our 

questions in the virtual experiment 

Computers - Virtual experiments  

20 minutes Workshop: what is NT? (C.4) Teacher instructions 

5 minutes  Summary  

 

Module 2: (90 minutes) - What is NT? 

Time Activity Equipment and 

instructions 

15 minutes Video - NT- The future is here (C.1) Video  

40 minutes Virtual game - Time machine (C.3) Computers + e-portfolio 

20 minutes Workshop: what is NT?(C.2) Teacher instructions 

15 minutes Summary: what is NT? Teacher instructions 
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Module 3: (90 minutes) - What is NT?  

Time Activity Equipment and 

instructions 

15 minutes Video - NT- The future is here (C.1) Video  

50 minutes Workshop: what is NT?(C.3) Teacher instructions 

15 minutes Presentations by the groups Teacher instructions 

10 minutes Summary: what is NT? Teacher instructions 

 

Module 4: (90 minutes) - ELSA aspects of NT 

Time Activity Equipment and 

instructions 

5 minutes Q&A what is NT? Teacher instructions 

30 minutes NT virtual dialogue between the students in the 

class-based decision making activities (C.7) 

Computers - virtual activity 

20 minutes Presentations of the different solutions Teacher instructions 

20 minutes In groups gathering information – answers to our 

questions in the virtual experiment (C.5) or 

“Workshop: what is NT?” (C.3) 

Computers + virtual experiments 

Teacher instructions 

15 minutes Summary: do we change our decision according to 

the NT knowledge that we have learnt?  

Teacher instructions 

 

Module 5: (90 minutes) - ELSA aspects of NT  

Time Activity Equipment and 

instructions 

5 minutes Q&A what is NT?  Teacher instructions 

50 minutes Workshop: Role Play (cards) (C.6) Teacher instructions 

20 minutes Presentations of the groups and raising dilemmas 

to the class 

Teacher instructions 

15 minutes Summary Teacher instructions 
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Module 6: (1-3 hours) - Laboratory experiment 

Time The activity Equipment and 

instructions 

30 minutes Prepare the class for the aim and procedure of the 

experiment 

Teacher instructions and Student 

instructions; computer 

1-2 hours Run the experiment in the school laboratory (C.4) Teacher instructions and Student 

instructions; computer 

15 minutes Summarize the activity and let students ask 

questions 

Teacher instructions and Student 

instructions 
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Logistic guide 

Objectives of the outreach in schools: 

 

• Year 1 phase of outreach – school year 2009-2010 

 

First set of pilot schools: 25 schools from 10 different European countries and 200 

students. 

 

• Year 2 phase of outreach – school year 2010-2011 

 

Second set of pilot schools will be trained in autumn 2010 – the new call was sent out in 

April and selection was made in August and September. 200 students will take part in 

the project. 

 

Why become a NANOYOU school? 

NANOYOU offers schools the opportunity to address the poor understanding of 

nanotechnologies by European citizens as shown in recent surveys. It is a great chance 

for schools and teachers to receive first-hand information on nanotechnologies and to 

discover the opportunities and risks of this discipline for present and future scientific 

development. 

 

Schools that take part in the project will benefit from many creative and interesting 

activities and materials for the whole classroom, namely: 

• An introductory video (on the effects of nanoscience and nanotechnology and their fields 

of application) and a poster. 

• A virtual lab that will present current research through virtual experiments. 

• A nanotechnology time machine game (this game will take students on a “time-tour” of 

human needs and show their past, present and possible future solutions) – age 11-15. 

• A workshop: “What is nanotechnology?” This workshop will introduce nanotechnology 

through games like the nano jigsaw puzzle among others. A user guide will be provided 

for this workshop. 
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• A role play workshop: This role play game will present different dilemmas, in which 

students will choose the role of a stakeholder (e.g., worker, consumer, politician, 

journalist, environmental protection advocate). 

• A virtual dialogue: This online platform will enhance students’ discussions on topics 

related to nanotechnology and they will be able to respond to each other through a forum 

on the project website. 

• A blog: all schools results can be uploaded in the NANOYOU blog. 

 

Teachers will be provided with training materials and guides for all the activities. 

Materials will mainly be online and free to download. 

 

Participating in NANOYOU is a chance to teach and learn more about the innovative 

topic of nanoscience and to have the opportunity to re-vitalize teaching by bringing 

project-based learning into the classroom. The materials provided by NANOYOU will 

save time and facilitate the creation of lessons for teachers who are interested in 

teaching the topic, while at the same time allowing them to decide how to organize their 

lessons and how and when to get involved. 

 

NANOYOU is a project promoted by the EU, meaning that the visibility of the 

participating schools and the results of the project will be recognized Europe-wide. 

 

All interested schools are invited to register at http://tiny.cc/ozmw3 

 

Why becoming a pilot school? 

Registration also gives the option of becoming a pilot school. These schools will be 

granted €1000 for their participation as pioneer schools and will have more obligations 

than other schools; such as taking part of the surveys of the programme, undertaking to 

disseminate the project among their peers, attending monthly meetings and posting a 

report on their contribution to the project. 

 

When selecting the pilot schools evaluators take into consideration many factors such 

as the best contributions to the blog. 
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Pedagogical models 

As mentioned before in this guide, there are several pedagogical models that can be 

followed to apply Nanoyou in your class. 

• One day nano programme, detailed on page 72 

• Modular approach spread over several lessons, detailed on page 73 

• Composed of three modules on “What is nanotechnology?” and two modules on ethical, 

legal, social aspects of nanotechnology. 

• ‘Soft nano’ – i.e. Nanoyou for language lessons. The input of pilot schools is crucial for 

the development of this pedagogical model. Language teachers are invited to use the 

Webquest model. 

 

For this purpose we recommend focusing on ethical, legal, social aspects of 

nanotechnology, having the Webquest culminate in a debate or persuasive essay 

writing in the class and partnering with science colleagues in the school. 

• Nano-twinning: crossing eTwinning projects with a NANOYOU topic. 

• This can be put into practice by asking for advice and inspiration from the experience of 

the eTwinners in the pilot school group. 

• A Nanoyou pedagogical model can be run in several schools on the same day. 

• Schools can team up with language colleagues or others already involved in eTwinning. 

• An eTwinning kit is being developed specially for NANOYOU. 

 

Logistics and organization of the NANOYOU project in schools 

Administrative arrangements 

NANOYOU schools will be granted a login for the Nanoyou space where they will have 

access to information and documents about the project and the opportunity to stay in 

touch and contact each other. This space will be used by the teachers as a follow up 

tool. 

 

All schools can take part in the NANOYOU blog and post their classroom experiences 

with nanoscience. Upon registration on NANOYOU http://tiny.cc/ozmw3 schools will 

receive their login and password and a welcome pack of materials in the languages 

available. 

 

To have an overview of the blog follow the link: http://blog.eun.org/nanoyou 
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Pilot schools will have a contract that must be signed between the school and 

European Schoolnet. This will include a registration form for new suppliers to be 

completed by the school. These documents will be provided by European Schoolnet. 

 

Schools must send an invoice to European Schoolnet to initiate the payment, 

mentioning the correct Purchase Order number. 

 

Pilot schools will have to undertake to fulfil the obligations stated in the contract, namely 

to : 

• Participate in the training meeting in Brussels (date to be confirmed). 

• Use the tools in class and give feedback about their use. 

• Disseminate NANOYOU to their peers. 

• Duly report to the NANOYOU team as required. 

• Undertake the surveys required by the NANOYOU team with their students. 

• Be open to the possibility of receiving a visit from the NANOYOU team to evaluate the 

work. 

• Attend the online meetings to discuss with colleagues and resolve any problems. 

 

Pedagogical planning 

Each school should prepare a plan,13 and to do this it will be necessary to: 

• Read in detail the materials and teacher guide 

• Decide which model suits the class best 

• Think about how to implement it at school 

• Make a one-page overview of the plan to implement Nanoyou 

• Upload the plan to the Nanoyou pilot school Basecamp 

 

Implementation 

Schools will carry out the implementation of the Nanoyou project by: 

• Running the activities with the students as planned 

• Collecting students’ results 

• Publishing students’ results online, in the Nanoyou schools blog 

(http://www.eun.org/nanoyou). This will help new schools find ideas for more projects. 

                                                

13 Schools can use the pilot schools plans as inspiration to prepare their own. 
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Dissemination 

Part of the pilot school work is to engage other schools, showing the possibilities and 

the best practices in Nanoyou teaching. 

• Tell colleagues and neighbour schools about Nanoyou. 

• Organize workshops for colleagues from at least three other schools to demonstrate the 

materials and the project, and get them involved. 

• Invite colleagues to register as Nanoyou schools. 

• Spread the news wider. This can be done in many ways: by making presentations at 

work or at conferences, writing news articles for an education website, contacting the 

local newspaper to invite them to see the students’ work, having a Nano expo involving 

parents, writing blog posts, etc. 

 

Evaluation 

Surveys will be sent to pilot schools to be filled in. These surveys will be done at the 

beginning of the project and at the end, and they will be addressed to both teachers 

and students. Pilot schools will be responsible for having them completed by their 

students. The surveys aim to evaluate the school project, the quality of the resources 

and the quality of the help received from the NANOYOU consortium. 

 

Finalization 

Pilot schools will prepare a one page summary of the projects results. 

After this summary is posted a second invoice shall be issued by the school to receive 

the remaining amount of the payment. 

 

Nanoyou schools blog 

http://blog.eun.org/nanoyou 

 

Main website 

http://www.nanoyou.eu 

 

Nanoyou slideshare 

http://www.slideshare.net 
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Glossary 
 

• Nanoscience: the study of phenomena and manipulation of materials at atomic, 

molecular and macromolecular scales, where properties differ significantly from those at 

a larger scale. 

• Nanotechnologies: the design, characterization, production and application of 

structures, devices and systems by controlling shape and size at nanometre scale. 

• Nanometre: one billionth (1/1,000,000,000) of a metre, or one millionth (1/1,000,000) of 

a millimetre. 

• Nanoscale: The size range is typically 1-100nm, because it is in this range that materials 

can have different or enhanced properties compared with the same materials at a larger 

size. When dealing with nanomedicine, a broader scale, 1-1,000 nm, is often indicated. 

• Nanodevices: devices that either utilize nanotechnologies, or are of a nano-scale 

themselves, but are able to affect the macroscopic world (a well known example is nano-

transistors). 

• Nanodetectors: detectors that either utilize nanotechnologies, or are of a nano-scale 

themselves, but are able to show results in the macroscopic world (such as changing 

colour, deflecting light, or fluorescing). 

• Nanocomposite: materials that are made from two or more constituent materials, at 

least one of which is of a nanoscale, which are mixed together but remain separate and 

distinct at the microscopic level. In this way nanomaterials can be used to improve the 

mechanical properties of existing materials. 

• Nanocrystalline materials: materials with grain (pure crystal) sizes from a few nm up to 

100 nm (In contrast to the grain size in industrial metallic materials, which is about 10,000 

nm or greater). These materials generally show improved mechanical properties. 

• Nanofibres: materials that are smaller than 100 nm in two dimensions, and longer in the 

third. Similar to common fibres, but on a nanoscale. 

• Nano thin films and coatings: materials that have thickness smaller than 100 nm, but 

are larger in the other two dimensions. 

• Fullerenes and carbon nanotubes: 1 atom thick graphite sheets (graphene) that are 

folded into a ball shape (in the case of fullerene, which includes 60 atoms or more), or 

rolled into a fibre shape (carbon nanotubes). These materials are very strong and have 

interesting and useful mechanical and electrical properties. 
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• Colloids: materials composed of particles which are dispersed evenly in another (solid, 

liquid or gaseous) medium, but form a suspension and not a solution. Milk and 

mayonnaise are well known examples of colloids. 

• Surface-to-volume ratio: is simply the ratio between the surface of a material and its 

volume. One of the distinguishing properties of nanomaterials is that they have an 

increased surface area, due to the small size of the particles. 

• Self-cleaning coatings: Photo-catalytic coatings use chemical (optical assisted) 

catalysis to decompose organic pollutants, rendering the material easier to clean. 

Superhydrophobic (water repulsive) coatings have surfaces that mimic the one found in 

the lotus leaf, thus allowing raindrops to clean the surface as they roll off the material. 

• Integrated circuits: miniaturized electronic circuits that have been manufactured in and 

on the surface of a thin semiconductor. The devices and the wires comprising the circuit 

can all be of nanoscale. 

• Quantum dots: materials in which all three dimensions are smaller than 100 nm. These 

nanomaterials have a discrete, quantized energy spectrum, as electrons are trapped 

within them, resulting in special and interesting optical and electrical properties. 

• Biomimetics and nanotechnologies: The field of material engineering that is devoted 

to trying to fabricate artificial materials that mimic natural ones is conventionally called 

biomimetics. Nanotechnologies frequently borrow such ideas from Nature, as many 

natural phenomena seem to stem from nanoscale effects. Two examples are the gecko’s 

ability to walk upside-down and the self-cleaning ability of the lotus leaf. 

• Nanomedicine: the application of nanotechnologies to the medical sector. Specifically, 

this area of application uses nanometre scale materials and nano-enabled techniques to 

diagnose, monitor, treat and prevent diseases. Nanotechnologies allow the engineering 

of materials (such as drug delivery systems, disease imaging probes, or even tissue 

engineered constructs) that have dimensions on the scale of biomolecules, which in turn 

is the scale that regulates the functions of cells. 

• Nanoscale drug delivery: Nanomaterials are suitable for drug delivery both because 

they can be used to precisely target infected cells and deliver drug agents locally, and 

because they can be designed to pass through cell membranes. 

• Enhanced mechanical properties: Some nanomaterials have inherent exceptional 

mechanical properties which are related to their structure. For example, carbon 

nanotubes have unique strength; nanocrystalline materials have enhanced resistance to 

cracking. Nanomaterials can also be used to improve the mechanical properties of 

existing materials by forming nanocomposites. 
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• Enhanced chemical reactivity: Nanomaterials have a significant proportion of their 

atoms at the surface, due to their surface-to-volume ratio. This has a profound effect on 

reactions that occur at the surface such as catalysis reactions, detection reactions, and 

reactions that require the physical absorption of certain species at the material’s surface 

to initiate. On the other hand, some nanomaterials, such as nanotubes, are very stable; 

they can withstand the attack of numerous chemicals and resist exposure to a large 

temperature range. 

• Enhanced electrical and thermal properties: Some nanomaterials have inherent 

enhanced electrical and thermal properties. For instance, carbon nanotubes are 

inherently more conductive then graphite; they also dissipate heat better than any other 

known material and are excellent thermal conductors. 

• Enhanced optical properties: Some nanomaterials display very different optical 

properties, such as colour and transparency, compared to bulk materials. To name a few: 

small enough particles in a colloid can become transparent, metal nanoparticles have 

vivid colours that depend on their surroundings (making them good detectors), and 

semiconductor quantum dots can fluoresce at certain adjustable wavelengths (making 

them good markers). 

• Solar cells: Solar cells, which create electricity from the sun’s energy, are a good 

example of the many ways in which nanotechnologies can be incorporated in a device. A 

self-cleaning nano-coating can keep the device working in an optimal fashion, and the 

special electrical, optical and chemical properties of nanomaterials such as 

nanocrystalline silicone and quantum dots allow for higher efficiencies of the device. 

Finally, the high surface-to-volume ratio means that less material is needed in order to 

have the same amount of reactions, resulting in more lightweight and cheaper devices. 

• Nanoparticle toxicity: Some nanoparticles, such as silver nanoparticles, have a strong 

anti-bacterial capacity. They are used in numerous products to prevent or reduce the 

adherence of bacteria to surfaces. Silver nanoparticles are also capable of killing viruses 

upon contact. The question of toxicity also extends to eco-toxicity: what happens when 

materials containing nanoparticles reach landfills and degrade? Will nanomaterials be 

dispersed in the environment? Could this harm eco-systems? Thus guidelines, action 

plans, protocols, code of conducts, regulations etc., are being set to make sure that 

nanotechnologies realizes their potentials while protecting the environment. 


