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I. INTRODUCTION

I.1. Virtual Laboratories as Educational Applications

The virtual experiment represents the basic unit of a virtual laboratory. Through virtual experiments, students
can experience a real-life situation, almost regardless of its complexity and avoiding possible danger of conducting
the experiment. The major advantage is the fact that the virtual experiments - as computer-simulated processes - can
be repeated until they are clearly understood. In this sense, virtual laboratories are very attractive multimedia digital
resources that are easy to use by students, making the lesson time a unique and enjoyable activity featuring more
practical elements.

There are many examples for virtual or interactive laboratories online. Most of them are dedicated to science
education: Chemistry, Physics and Biology are the main areas targeted by these educational tools, generally presented
as multimedia or interactive lessons, based on experiments, simulations, videos and/or other multimedia resources. It
is well known that interactive and multimedia lessons have great capacity to provide new learning methods that will
eventually boost the learning process, and thus to contribute to the formation of students’ skills and abilities. By using
virtual labs, teaching and learning process can be transformed into an instructive activity, an opportunity for discovery
and exploitation, allowing observation of scientific principles and their application in everyday life.

Most of virtual laboratories are designed on constructivist bases, using the modern approach of student-centred
learning. In this respect, the virtual experiments allow students to discover, to explore, to analyse, to imagine and find
solutions, to construct their own knowledge and detail their own findings. Another important concept implemented by
such educational objects is learning by doing (discovering by experiencing), an important step that guides the students
to develop their own knowledge and practical skills.

The technical resources necessary to use virtual laboratories are usually not too high. Usually an updated brows-
er and broadband internet connection, paired by speakers and multimedia projector are just enough to enable a class-
room to use a VL.

However, virtual laboratories require clear understanding of the curriculum (by the teacher), also knowledge
about pedagogical approaches, education standards and conventions related to the design of digital educational con-
tent, from the perspective of ergonomics and functionality.
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1.2. Mission of the NTSE Project

The NTSE project aims to use information and communication technology (ICT) as a tool to make the learning of
science subjects more attractive and accessible. The project target groups are students from general and vocational
schools (aged 13 to 18); science teachers, and college and university students on science courses (prospective teach-
ers). Specifically, the project is focused to create a user-friendly virtual learning area, in order to raise interest in the
sciences, nanotechnologies in particular. Practically, the main objective is to create educational tools suitable for sci-
ence education, not only to raise awareness of Nano subjects among learners / teachers and prospective teachers, but
also to update their knowledge of Nano and inspire / motivate students to take part in science projects by providing
appealing learning tools in the form of digital resources.

The proposed Nano virtual experiments are equipped with video simulations and related scenarios, to make
them simpler and attractive for the users, thus promoting inquiry-based methods, encouraging learners to think about
processes and phenomena by posing questions connected to real life, to find solutions and exchange information
through specific channels (blog, videoconference).

The project objectives are as follows:

- to encourage students to learn about Nanotechnologies, to be engaged in explorative, meaningful and inspir-
ing science learning through experiments and activities. By using various resources and pro-active methods, students’
curiosity will be entertained, their knowledge of science and Nanotechnologies will be raised, and their imagination
will be stimulated by the digital materials; last, but not least, they will be encouraged to connect their learning to na-
ture and real life, which will help them to learn more quickly, effectively and meaningfully.

- to make science teachers in general and vocational education more enthusiastic and capable of using ICT in
their lessons. They will be encouraged to be creative and make use of innovative cognitive tools to make science learn-
ing enjoyable for young learners via a Virtual Laboratory, experiments in schools, and school visits.

- to encourage university students to enter the teaching profession and, with the support of ICT, to share their
enthusiasm for the sciences with young learners.

By using the Virtual Laboratory facilities, the target groups have the chance to use innovative training elements
and related content; the usability and pedagogical effectiveness of the NTSE project teaching materials (videos, sim-
ulations, student and teacher guidelines) can be also evaluated through assessment grids, blog, questionnaires and
reflection notes.

As the main deliverable of the NTSE project, the Virtual Laboratory (http://vlab.ntse-nanotech.eu/) serves as a
platform for science lessons, as a database of teaching materials and as a hub for science-learning graphical aids, and
recorded and illustrated appealing experiments on Nano-Tech. Students and teachers are able to use and refine the
Virtual Lab for lessons and sharing information. In fact, the Laboratory will last long after the life of the project as an
on-going platform for sharing ideas, lesson plans and information.

.";u::,&: m
.._,_!"f'?ﬁ-‘nw ‘.—' by

L

04 |



Lifelong
Learning www.ntse-nanotech.eu
Programme

Project No: 511787-LLP-1-2010-1-TR-KA3-KA3MP

Il. Inside the Virtual Laborator oottt T teong
y ; : ;,t% -;f;?:ﬁrlc|

o P . | B T HTIR bt ek e

11.1. Overview

The Virtual Laboratory contains the following sections:
>Home;

> Experiment room;

> Podcasting room;

> Repository;

> Blog;

> Glossary;

> Competition room;

> About;
> Help;
Wiich pieas ntaticn,
>Language manual;
> Login section for the admin panel of the Virtual Lab.
. . e . . We frequently hear in ow daily life the temm
1. Home section - short description with pictures of “Nanotechnology”. But, do we kriow what It s at first

what Nanotechnology is and a Prezi presentation. glance?

To watch the presentation click on the blue button
“Watch presentation”.

2. Experiment room - The Nano experiment room comprises real experiments shot by Nano-tech academics,
animations created from such scenarios, students and teacher guides, and additional resources for each experiment.
The main aim is to create authentic experiments that are different from published and finalised Nano projects, and to
support each video with simulations and scenarios to make them simpler and more attractive for Virtual Lab users.

NTSE Virtual Lab

Hang-lech Sowence bducaton
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Understanding Nanoscale
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Making Origami Buckyball
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To open an experiment, click on the picture of R T TE T T T T

the experiment.

. . Manocrystal Fabrication
Each experiment contains:

« Name and description of the experiment;

« Movie section;

« Interactions;

+ Documents - student guides, teacher guides,
assessment grids and procedure;

+ Repository - links to the repository related
to the topic of the experiment;

+ Other - contains other links and documents
useful for the experiment;

« Feedback section - a space where visitors - .
can submit their comments or questions. ' S

To watch an experiment movie, click on the “Movie” button and you can play the video.

To open an interaction click on the “Interactions” button and you can play the interaction.

Dissolution

Win tee wpass] eftle b g sy the Baalay

To find out what the method is for the experiment and to access all the documents needed to implement the

experiment, click on the “Documents” button.
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e | G | s Click on the “Repository” button to find more
resources related to the topic of the experiment. You
will be forwarded to the Repository for the project.

The Repository has a specific interface and
presents resources (videos, articles, additional doc-
umentation) related to the Virtual Lab experiment

in question.

Movkes Interac thons Diocumants R
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The “Other” section opens other links or documents useful for the experiment, these are extra materials not in

the Repository.

In the “Feedback” section you can contact the partners of the project or leave your comments.

3. Podcasting room - The Podcasting room comprises the video, audio and picture for the interviews related
to the gender aspect, calls for VC sessions, videoconferences, classroom implementation records and dissemination

activities for the project.
The podcasting room contains:
« Name and short description of the session;
« Video or interview section;

+ Feedback link.
To open a podcasting activity click on the picture of the podcasting session.

o7
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When you open the topic of the podcasting entity you can play the interview, video or you can see the pictures of
the podcasting activity using the “Interviews” or “Movie” button.
In the “Link” section you can find additional materials related to the topic of the podcasting activity.

nieevies Links Fevdback

Interview with Zeynep Gircanh

Adamous DUSHPSS WOmAn-nurTaliss

s ioraign afars wriner of HISTET newspaper Teynap Curcand
Dogs School ¥ 7rh Mey 701 2, INTERMATIONAL

Y LR OPE WORKSHO® supperted by the ministey of U AHals

Interviews Links | Feedback :
: MTSE Virtual Lab T by,

Sender: " s & % Lifelang
Hana-Tech Soence Lducation i‘ ﬂ . Learming
ez marh i o by P o Careviner, b shor st s b ] ,4_,}r Programma
{5t N i i o i oy B S AR

Email:

Content:

4. Repository - the NTSE Repository / Database has been designed to provide extra reading and reference related
to Nanoscience and Nanotechnology, to be used by the virtual lab users. It includes: articles, books, chapters, posters,
videos, experiments, methodological documents that introduce actual findings and research developed in different
countries. The role of the Database is to update the virtual lab users’ knowledge and to raise their awareness of Nano-
science and Nanotechnology.

The “Repository” button in the Virtual Lab links to the Repository page: http://ntse.ssai.valahia.ro

08 |
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Logity | Creaie Acsism | |
Waleame to NTSE Reposaitory
@Wllr.umt La NTSE Reposdory
a 2 ]
Latesl Sddiligng
Wiew Rems 33ded Lo the reposimary = ke past week:
Geacch Rapestony
Soarch the mpasdory using a full rangs of fiskds. Usa the soarch finld ab the top of the pags e & quick saanch
B Rapostong
Browse the dams in the repesdory by subject
abaus this Beposio
Mere infarmabion aboul thie sde,
Bogskory Policias
Palicy fise e af saatenal in this eeposibary
NTSEE Reposhony suppans OALD 0 with & Base UL 0T kesg:iarmas siab wibabia, parigisasis
MTSE Mapanivey iv passnd Sy £t Jwhiok ir devwlopad by e Sangelof Clacuonics mnd Comuiar Solancs o the Uniesnty af featsampdan. Mar (namatan, amd Joaes . ond i Elp”nts

5. Blog - apart from the Virtual Lab and repository, partners have set up a portal system to enable implement-
ers to share knowledge about the articles and implementations on project-related issues. Discussion space will be
created in a blog format and will be used for making comments and submitting articles. All submitted articles will be
reviewed and validated for publication after a validation process by project experts.

NTSE Virtual Lab

Nano-Tech Science Education
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Thiz work is funded by the European Commission, education and training:
LLP Transversal Programme KAI-ICT through Project 511787 -LLP-1-201 0-1-TR-K.AS-KASMP

Home E ing y 3 wom About Help

Nano-Tech Science Education

Manotechnology is portrayal of all actions st the level of atoms and molecules that have applications in
the real world. Taken from the Greek, nano means 'one bilionth part of' & whole; oF wery, very small. A
nanometer iz about the radius of a DN kelix, or 10 times the diameter of a hydrogen atom. |t iz a highly-
muttidisciplinary field. tis not just physics, chemistry, engineering, or biology, but rather an integration of all
of these dizciplines. Manobots, quartum and DMA computing, nanosensors, biostructures, neuro-electronic
interfaces, molecular motors are examples of the applications of nanotechnology that are  under

development.

Demo Tour

Watch presentation.

The “Blog” button in the Virtual Lab will link to the Blog page: http://ntse.iacm.forth.gr/index.php

o9
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»EE >m > E 311 You are here: Home

What is Nanotechnology?
Fublizhed on Friday, 29 June 2012 09:24 | & | =] | Hits: 722

» Home
¥ Introduction

Technology advances every day. Do you think the
current education provided to the young learmers is
going to be enough to help them understand new
technologies?

¥ Mano forum
¥ Mano News

» Mano projects

? Mana links
For the last few years the most popular technology

that we encounter its name everyday is
nanotechnology. But do we really know what it is?

¥ Caontactus

Liser Mame

| |
FPassward

| |

Remember Me []
Login
Forgotyour passward?

Forgot your username?
Create an account

hore... = Add new comment

The cortent of this

CE f z g.'!"'-f
NTSE Virtual Lab S, i
Hamo-Tech Sckence Edocatesn ? ﬂ -"'*' Lezaming
1 o b o Lo i, i sty ‘ —£ Programime
SRR R A am[omom -
Glossary
<
Allsrops

Atomic ferce microscegy [AFM)

Chemicsl bonds

6. Glossary - a vocabulary list containing definitions of “nano” terms.

10

Lifelong
Learning
Programme



Lifelong
Learning www.ntse-nanotech.eu S a=
Programme Project No: 511787-LLP-1-2010-1-TR-KA3-KA3MP | §

To see the definition of the nano term click on the word.

NTSE Virtual Lab

Mano-Tech Science Education

Trie work i funaed iy ihe Euroessn Comminsion, soucabon snd insining !
LLP Tranverysl Progremes KATICT ihrough Proiect S1787-LLPA-2000-1- TR-EAT KA

@

BsOmam .

Woed ! Allotrope

Desciphan Dafterendt structural rccdificatinfs < an demerl it dliforeed physcal properties bl with the ama chorecal propoies

7. Competition room - contains presentations and information on Nano Competitions. Provides tools for up-
loading files, contains a gallery of posters and insures voting in order to cover the whole process of the Nano Compe-

tition.

Compettionroom: About. Help ﬂ n m m L

Home Experiments room: Po ng room B ory, Blog

o
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8. About - contains a short description of the project.
Poster Upload form
Poster Title
Poster description:
Mame Email Country
Institution Aoge

v O o

14 years
hdale Female

File :

NTSE Virtual Lab SRy, ’
ifelong

Nano-Tech Science Education Learning

Thiz work iz funded by the European Commission, education and training: ‘ Programme
LLP Tranzwersal Programme KA3-ICT through Project 511787-LLP-1-2010-1-TR-KA3-KAIMP

&
; 'ua\‘;p

NANg

]

Competition room Akout Help

MTS aims to use ICTs as a tool to make the learning of science subjects more attractive and accessible. The project target groups are students from the
general and wocstional schools aged 13 to 18 teachers in science subject, plus college & university students sttending science education courses

(prozpective school teachers in sciences)

)

The project will estaklizh a Wirtual Lab, as an experimental vitual aid to science learning. Thiz will serve az a platform for science lessons, as a database of teaching materials
and az & hub for science-learning-refsted graphic aids and recorded and ilustrated appealing experiments on Mano-Tech.  will include & Mano-Science Center, presenting to learners
and their in-service or future teachers the miracles of the nano-technologies. & program for & week Science Camp training including hands-on experiments and demonstrations wil
he developed and delivered through the YL, this is & good step as an approbation of the contents and functionalties of the virtual lab.

Students and teachers in secondary schoolzs will be ahble to use and refine the WL, for lessons and sharing information. Their experiences will be recorded both on the Vidual Lak
and inthe Annual Mano-tech books. The %L will last long after the life of the project and will be an ongoing plstform for sharing ideas, lesson plans and information. t will be updated

and tested through inviting 10 teachers from the partner courtries each year.

1]
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9. Help - contains a short demo video on how to use the virtual lab.

Nano-Tech Science Education g W E.“" Learning

This iwrceh b Rirscond by s i cyanens Ciwlaaton, ekrealion whd frsing Programme

LLP Transverssl Progremme KA T though Profect S PE7-LUPA 201 0-1-TR-AL M A TP

o Expersvenis mom  Poocnstrg ioom Repostory. Biog ) Glosanry’ Compettinioon Abord M EEEmEm Lixmi

Guide Tour

NTSE Virtual Lab Oy - -..'..fl"
L For b Wt w T il att !'- BJ‘ e el L PL
- r

10. Login section for admin panel of the Virtual Lab - this panel is for managing or editing of all Virtual Lab
functionalities by the partners.

NTSE Virtual Lab .
ifelong

Nano-Tech Science Education 7 :_‘-E- Learning
This work is funded by the Europesn Commission, education snd training: ‘ Programme

LLP Transversal Programme KA3-ICT through Project 511 787-LLP-1-201 0-1-TR-KA3-KL 3P

» Spring Security Login

“fou have tried to access a protected area of thiz application. By default you can login sz “admin”, with a password of "admin”.

Marne

@

FPassword

+

Submit
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11.2. Experiments Room

The Experiments Room creates a user-friendly virtual learning area to raise interest in science and Nanotech-
nology for different target groups as science teachers, prospective teachers (university students at science educa-
tion faculties) and students aged 13-18 from general and vocational high schools. The Experiment Room promotes
inquiry-based methods encouraging learners to think about phenomena by posing questions connected to real life.

The main aim of the Experiment Room is to create authentic experiments, support them with videos and simu-
lations and add lesson plans to make them simpler and more interesting for all users.

Making Origaml Buckyball

A, paiC byt B ey U Condaieng &) carbon sl St o eion o DOl b Ml SR OnE DHDON Sl sl [ran arsie

Manocrystal Fabrication

The Experiment Room comprises nine authentic experiments with teacher and student guides, movies, simula-
tions, assessment grids and other documents on the experiments.

These nine authentic experiments are Understanding Nanoscale, Making Origami Buckyball, Nanocrystal Fabri-
cation, Lotus Effect, Iron Nanoparticles and Ferrofluids, Waves and Dancing Ferrofluid,LEDs,Carbon Nanotubes,Wave-
guide Fabrication by Sol-Gel.

The experiments and all educational documents in the Experiment Room comply with the requirements of
school education and are matched to the curriculum. The chosen nine authentic experiments and educational tools
are chose through various processes:

+ Highly rated topics related to Nanotechnology were chosen from the questionnaire data collected from stu-
dents, teachers and prospective teachers.

+ Chosen topics about Nanotechnology were matched to the curriculum and high-rating topics valid for each
partner’s curriculum were defined.

+ The grades of students and the lessons matching Nanotechnology topics, were determined to create the appli-
cable educational tools in school education.

+ Experiments were supported with movies, simulations and guides to make them visible and understandable
for students, teachers and prospective teachers.

The Experiment Room contains nine authentic experiments and each experiment is composed of six sections:

NOPUIS | [ | F—| Jpem— (—— 1. Movies: Videos of experiment shot by our team.

MNanocrystal Fabrication 2. Interactions: Simulations related to the experi-
ment.
3. Documents: Guides for students and teachers,
assessment grids and experimental procedure.
4, Repository: Links and documents related to
the experiment.
5. Other: Some other supporting documents for
users.
6. Feedback: Interactive area for users to submit

their comments.
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11.2.1 General Information about Experiments in the Experiment Room

1.Understanding Nanoscale

2.Making Origami Buckyball

We do not see objects or meas-
ure distances in the nanoscale in our
daily life. Therefore, comprehension
of the nanoscale is realised by fun ex-
amples relating to nanoscale.

4.Lotus Effect

This experiment gives an ex-
ample of Nanotechnology from na-
ture by using the super hydropho-
bic behaviour of the lotus plant.

7. LEDs (Light Emitting Diodes)

This is a hands-on implemen-
tation involving students construct-
ing a 3D model of a buckyball by us-
ing three sheets of paper, ruler, pencil
and scissors.

5. Iron Nanoparticules and Ferrofluids
[ =

This experiment is about the ap-
plication of a nanoproduct, ferrofluids,
revealing the difference between Nano-
technology (and properties of nanoprod-
ucts) and conventional technologies.

8. Carbon Nanotubes

3.Nanocrystal Fabrication

- a8 T e Ty
One of the simplest (and
also industrially used) ways of na-
nocrystal fabrication is uncovered
and explained in detail.

6. Waves and Dancing Ferrofluid

This experiment is aimed to pro-
vide an understanding of how the par-
ticles act in changing magnetic field. If
there is no magnetic field, ferromagnet-
ic nanoparticles are random, otherwise
ferrofluids are regular.

9. Waveguide Fabrication by Sol-Gel

This experiment explores
the physical phenomenon of LEDs,
how they operate, their unique
features, together with the char-
acteristics of light. LEDs are en-
vironmentally friendly, ultra-effi-
cient electronic (or semiconductor)
lighting devices that emit cooler,
softer and/or more natural light
with relatively the least consump-
tion of watts when electrical cur-
rent passes through them.

The carbon atom seems to be
the most wonderful of all the ele-
ments in the periodic table. As well
as being the basis of life, it is one of
the most important building blocks
of nanotechnology. Carbon nano-
tubes, composed of interlocking
carbon atoms, are 1000 times thin-
ner than human hair and can be 100
times stronger than steel. The amaz-
ing properties of carbon nanotubes
provide many application areas.

This experiment is aimed to
provide an understanding of sol-gel,
its products, including fiber optics
used in the internet communication.
Fiber Opticsis a data-delivery system
transmitting light and sound through
glass fibers. In telecommunications,
the fiber optic technology has re-
placed the copper-wire technology
by delivering information 1000 times
faster and 100 times farther.

15
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Let’s visit one of the experiments in the Virtual Lab Experiment Room!

11.2.2 Nanocrystal Fabrication

Research on nanocrystalline materials has increased enormously during the past years. These intense investiga-
tions have been stimulated by several envisaged application areas for this new class of materials. In this section, one of
the simplest methods of nanocrystal fabrication is shown and explained in detail .

Components of Nanocrystal Fabrication Experiment

Movie
An experiment is being performed by an expert with simple school materials. This is a demonstration experi-
ment in which the teacher is performing and students are watching. The experiment is about nanocrystal fabrication

by precipitation from solution. It happens in two steps: 1. Solution formation, 2.Precipitation from the solution. Some
nanocrystals are produced via this method in industry.

oo aeat 1o (Y ED O DD o

Mumvines Interactions Documents Repositoy Orher Feedhack

Nanocrystal Fabrication

16
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There are four simulations that show details of the nanocrystal fabrication experiment.

Dissolution

Nano Labs

Experiment 1

Whle dessobving m water, the cubic ervstal strochore
dﬂqmp@-\ﬁ Chck  on the strochire o df:nl::pme
the crystal!

Dissolution: Simulation of the first step of experiment. Formation of the solution is explained.
Molecular dissolution: Formation of the solution is explained at the molecular level, which cannot be seen with

the naked eye.

t.@

Precipitation: Simulation of the second step of the experiment. Precipitation of the solution is explained.
Molecular Precipitation: Precipitation of the solution is explained at the molecular level, which cannot be seen

with the naked eye.
Documents

There are four different kinds of documents here that enlighten teachers and students about the content.
1. Procedure: How to perform the experiment is explained step-by-step.
2. Students Guide: Contains effective and simple daily life examples about nanocrystals and some games for the

classroom to help understand nanocrystals in an enjoyable way.

3. Teachers Guide: Contains detailed information and a lesson plan about nanocrystals for teachers. Objectives
of teaching nanocrystals and teaching techniques are explained in the lesson plan.
4. Assessment Grids: Contains a scale for self-assessment of students. Students can assess and evaluate them-

selves on the topic of nanocrystals via this grid.
Repository

There are two documents in this section. One is a video about the experience of a master’s student about na-
nomaterials and the other is an eBook about micro and nano-transport of bio-molecules. Both documents provide

interesting additional information to the users.
Other

There are two PowerPoint documents about solid structures and nanocrystals to provide information in an in-
teractive way. Both educational documents are prepared by teachers to inform students about content.

Feedback

This section is prepared for users to write their ideas, ask questions and make requests about the content.

11.3. Podcasting

As is known, the podcasting feature involves a kind of
digital media containing short series of audio, video, docu-
ments or e-published files subscribed to and downloaded or
streamed online via a computer or mobile device.

The Virtual Laboratory Podcasting section includes
various clips related to selected aspects of some scientists’
careers, the importance of female scientists in the actual re-
search world, main parts of the nano-lessons that involved
7th and 11th grade students, considerations concerning the
implication of the students in several nano-activities, as well
as parts of videoconferences organised within the framework
of the project.
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1.4. Repository

The Virtual Laboratory Repository (direct access: http://ntse.ssai.valahia.ro) has been conceived as a database
that includes extra readings and references related to Nanotechnology. It has special sections that contain articles,
books, chapters, posters, video clips, experiments and methodological documents. All the resources are useful for stu-
dents and prospective / in-service teachers, who can exploit them as educational materials. In addition, the Repository
fulfils the role of updating Virtual Laboratory users’ knowledge and providing a package of educational materials, with
the aim of increasing the reader’s interest in Nanotechnology.

The solution adopted for designing the Repository is based on the EPrints application: a free professional soft-
ware platform for constructing a good Open Archives Initiative repository.

The Repository interface offers users services such as: repository browsing, a search tool, list of latest added
items, etc. Users have to be registered, following the “Create Account” button steps. After that, the user can edit their
own profile by typing in their organization name, department, home page URL and other information. After the login
process, a list with the items uploaded by the user can be browsed. Allitems uploaded in the repository can be retrieved
by year, subject and author, using the “Browse” menu (Gorghiu et al., 2013).

e valahia. o | B- Al e & DO & - o#

€
[e]prints

Welcome to NTSE Repository

) Welcoma tn NTRE Repasitary.
Lateal Addton:

R e .
View #nms added o the mposion in the pest week

Samsh Bassailar

Search the mpostery usng a bl rangs of fields. Uzz the search fiskd 2t the top of the page for 2 quck zearch.
Brairas Bezmdiiene

Browse the kems in the repository by subjecl

About this Regesitary

Mare information about this site

Bepnzion:Puliciea

Palicy for Lse of material in this mpostory.

rityeszatva lahig e viewy crestor

zZotaro

The list of illustrated subjects is predefined and follows the Library of Congress Classification, where the
sub-categories are automatically generated when an item is linked to a specific subject.

3 Ihems whers Author i *Fikipiak, Dawid” -

T e A e T * |[B s R

ttems where Author is “Filipiak, David™
D L bl
Expont as - ASCI Citatian = B- Brs =]
Group by: Mean Type | b Grougsng
dumpio Yikg

Fsminar of koma: §

This list was general ted an Thar Apr 11 04 0007 2013 EEST

[Eiarints. -
Sotera)

The search tool can be used for a simple or advanced search. The advanced search allows the introduction of
related criteria in a specific web form. The search can be performed taking into consideration specific metadata fields:
document terms, titles, creators, subjects, item type, editors, item status, etc.
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Besides videos, conference articles or books, teaching resources can be also retrieved in the Repository.
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Information related to a specific object is available by clicking on it.
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Besides videos, conference articles or books, teaching resources can be also re-
trieved in the Repository.
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1.5. Glossary

The Virtual Laboratory Glossary has a specific purpose and usage. It contains the meaning of vocabulary in the
texts of teacher and student guidelines in the Experiments Room of the Virtual Laboratory. While preparing this text,
authors, focused on the technical and scientific concepts in the guidelines so that students could make out informa-
tion about the subjects they don’t know or remember. The use of the glossary is easy as it is listed alphabetically. The
list of terms contained in the glossary helps familiarise readers with uncommon words. The words in the glossary are
updated periodically when the guidelines in the experiments room enriched with the experiments.
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Wiard : Allotrope

Descriptiun : Different structural modifications of an element with different physical properties but with the same chemical properties.
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Glossary

Allotrope

Atomic force microscopy (AFM)

Chemical bonds
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11.6. Demo
The Virtual Laboratory Demo contains all the support videos prepared as deliverables related to the Virtual Lab.

It presents a demo guided tour, as well as a teacher guided tour.
The Demo can be accessed at: http://vlab.ntse-nanotech.eu/NanoVirtualLab/helpentitys/help.
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11.7. Blog

As is known, blogs are informational and/or discussion sites online and which contain posts shown in a reverse

chronological order.
The Virtual laboratory Blog (http://ntse.iacm.forth.gr/index.php/en/) includes several nano-topics organised in

specific categories, with an important feed of information related to nano-news that can be commented on and dis-
cussed.

You ar= hase: Nano Hew=

Selected R55 News Feeds

Phys_ong: Ranotechnalogy Hews
Frps oo pravkies e la0ssr 25a &0 Nafaiechiotigy, NElaEmanes Lanoeetinnes
ity

¢ Uaopped Nesckibes mnieok poleatial far batieties | £2.06.2012 )

Nanovweark Emerging Technologies Hews
Nanewark Exarging Tachaclkagis naws hesdings trom Nanoocn

e = e

Cloale & atoii

oilory-taned serear Benlifie soen of melenoma |13 B8 2048

fers de=gn & catatyst hal ssobtaiees the gases meponsile for ofmets shange

BT Hews - Topic - Hanoscience and nanotechnology
WET Newe i dedivaiad 10 CONSRanisanng w0 The it 200 o pulis the e and
SN RIS OF e Sl TREEly SIEFT S e jreatst WIT oy

natem [ 20052097 |




Project No: 511787-LLP-1-2010-1-TR-KA3-KA3MP

Lifelong JGFIENCE
- Learning www.ntse-nanotech.eu & %%
Programme = (/) E-,r_

Ill. Educational Practices for Target Groups

lll.1. Secondary Students and Vocational School Students

How can a Lesson Plan with Virtual Laboratory components be implemented?

Before the implementation, examining the Guideline Book and the Guided Tour will provide a good reference for
users. The Guideline Book provides the user with a broad overview to help understand the main concepts and the aim
of the Virtual Lab and the Nanotech Science Education-NTSE Project.

The Guided Tour is a simulation, guiding the users step-by-step in using the Virtual Laboratory. In this context,
the users are able to find their way around using the Experiment Room and its tools.

Teachers Guidelines, Students Guidelines, Experiment Videos, Simulations (if available), Assessment Grids, Pro-
cedures, Repository and other uploaded documents are designed to help users to integrate their chosen Nanotechnol-
ogy topics to integrate with their curriculum and real life.

The Lesson Plans can be implemented by the users in three ways:
1. Classroom Implementations

A teacher can implement certain lesson plans in a classroom setting.

Teachers can use the following materials to integrate Nanotechnology lesson plans with the science curriculum
and to reconcile them with real life:

- Guidelines

- Students Guidelines

- Experiment Videos

- Simulations

- Other materials for the use of teachers and students to raise their awareness in Nanotechnology.

The inquiry-based guidelines include activities that help users to understand the scientific facts and processes
of real-life phenomena.

In order to implement the lesson plans, the Guideline Book and Guided Tour are provided to help teachers to
experience the Teachers Guidelines in collaboration with the Students Guidelines, Experiment Videos, simulations and
other documents provided in the Experiment Room.

Before classroom implementations, teachers read the “Foreword for Teachers” stage in the Teachers Guideline,
which is provided especially for them as a preliminary knowledge and initiates the lesson with its “Introduction” stage.
By following the instructions step-by-step as shown in the Teachers Guideline, teachers are able to implement the
lesson plans in their classrooms.

Classroom Implementation of “Nano Crystal fabrication” Experiment at Bostanci Doga High School, Turkey
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2. Self-Implementation

Users can implement the lesson plans at home individually. The Guided Tour is a well-instructed simulation for
users, explaining the implementation step-by-step according to the Teachers and Students Guidelines, and is to be
used collaboratively with Experiment videos, simulations and other documents provided in the Experiment Room.

3. Videoconference Sessions
Videoconference sessions are planned between at least two schools with similar profiles (two remote locations).

Videoconference session between Acarkent Doga High School / TR and John
Atasanov High School / BG related to the “Nanocrystal Fabrication” Experiment

Videoconferences can be initiated in the some of the following setups:

- Classroom - Classroom

- Classroom - Laboratory

- Classroom - Expert

- Any two or more locations that are interested in same / similar topic

Three concepts of video sessions are available:
. Nano-Tech Lesson Plan (classroom - laboratory, classroom - classroom or classroom - expert): participating
schools and a moderator are connected online via any videoconference tool (e.g. Adobe Connect, Skype, Gtalk, etc.).
The aim of the video session is to implement an activity from the chosen nano-experiment. Students of participant
schools make the activities at the same time with the instructions given by the moderator. After the activity is done
they share their experience and conclusions.
Tip: It is a good idea to have the video connection just at the beginning and end of a lesson - there is no need to keep
it for the whole period.
. Quiz Show (classroom - classroom): Students participating in the videoconference session answer questions
about the selected nano-experiment / topic to get higher scores.
Tip: Questions should be prepared in advance; if teachers or students come up with questions at the very moment, be
sure to give them in written form, since language can be a barrier.
Tip: it is not necessary to have a winning and losing team; the prize should be related to watching a video or gaining
extra knowledge or performing an experiment. It is not the Olympics, after all!
. Question and Answer (classroom - expert): Participating schools are connected to one of the project experts in
order to ask their own questions and gain further information about the selected nano-topic.
Here are some instructions for planning and hosting a videoconference session / interactive videoconference:
1. Teachers meeting: teachers first have to exchange information by e-mail or web conference (e.g. Skype connection).
For this to happen, all the participants should fill out the table below:

Name Subject Work Language Topic Mail / Skype / Other

24 |
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3. Exchange information about students: be sure to tell your videoconference partner more about your group or your-
self - how old are the participants, what are their interests, language level, knowledge, etc. This is very helpful for any
videoconference companion!

4. Tools or what you need for a videoconference:

. a computer with Internet connection;

. software to connect to national / international partners (like Ovoo, Skype, VZO as open-source soft
ware, or PVX Polycom and Adobe Bridge);

. an interactive whiteboard (IWB) - check how it works online;

. awebcam, best is a rotating camera or a camera on a tripod, connected to a PC;

. a camcorder and /or a camera to document your lesson.

5. List of topics: to start this way of teaching, you can take your inspiration from the materials presented in these guide-
lines!

6. Test videoconference: it is better to avoid mistakes by testing the connection between partners before the date fixed
for the interactive session. You have to check technical equipment and any materials to be uploaded as part of the

lesson plan.

7. Starting web/videoconference:
. connect camera and IWB to the computer
. open connection software

8. Web/videoconference - Steps:

. teachers introduce themselves;

. students introduce themselves to make them feel involved in activities (if your lesson will not last more
than one hour, you can introduce the students by name alone);

. one of the partners starts the activity (or introduces the activity done before in the case of activities
that need to been performed outside the classroom) interacting with the other partner by using slides
or pictures;

. ask the students questions to be sure they are always involved in the lesson;

. give students some written tasks to make them check all their tasks and the activities to be done.

9. Revision & Documentation: it is very important to revise all the activities performed, and to make students reflect on
the activities. Teachers explain the findings and point out any strengths or weaknesses... To spread good practice and
make students work with a scientific methodology is very useful to prepare a report of the interactive session (video,
presentation, gallery).

4. School and Laboratory Visits

Our real nano-bio technology laboratory in Istanbul, Turkey, is available for students and teachers. It is possible
to visit the clean room and ask questions to our academics and project experts on Nanotechnology and its current im-
plementations. In addition to this, our project experts visit schools to disseminate the project outcomes via the NTSE
Project Virtual Laboratory.

They also implement the hands-on activities with nano kits to make science education more concrete and enjoy-

able for students. These workshops reinforce meaningful learning through actively involving students in the learning
process.

(25
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The presentation of the NTSE Virtual Lab and nano-kit implementation at 30
Agustos Vocational School for Girls

The Nano-Bio Technology Laboratory visit of Haci Rahime Ulusoy Maritime Technical and Vocational High School
in March 2013

Vocational High School Students visited the Clean Room at the Nano- Bio Technology
26 Laboratory in Doga Schools , Turkey
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111.2. University Students and Prospective Science Teachers

How can an activity using Virtual Laboratory resources be mixed with other nano-web resources, and implement-
ed in students and prospective science teachers’ usual practice?

Most of the information in the different sections of the Virtual Lab can be used not only by students from second-
ary schools and teachers, but also by students involved in different bachelor or master’s degree programs in the areas
of science or technology. Since some of those students have to follow different courses and laboratories related to
Nanoscience or Nanotechnology during the academic learning program, the information included in the “Experiments
Room” can provide to the students with basic and advanced approaches to the Nano area in terms of:

- Learning about nanoscale terms and concepts:

http://vlab.ntsenanotech.eu/NanoVirtualLab/experimentroom/908f4cedc98349d0b57e781ae3ea29c4

- Learning about crystal and nanocrystal structure:

http://vlab.ntse-nanotech.eu/NanoVirtualLab/experimentroom/908f4cedc98349d0b57e781ae3ea29cl

- Learning about the process of obtaining nanoparticles:

http://vlab.ntse-nanotech.eu/NanoVirtualLab/experimentroom/908f4cedc98349d0b57e781ae3ea29c5

- To learn about the way today’s technology works;

- To link science lessons with the process of obtaining nanoparticles / nanocrystals;

- To learn the usage areas of nanotechnology in the context of nanoparticles;

- To design their own lesson plans in the nano area field

In the following paragraphs, some examples are given of how to use the different facilities of the Virtual Labora-
tory and how the information placed in the different rooms of the lab have been used by combining it with other infor-
mation presented in other websites from the Internet, in order to develop students’ basic approach to nano-matters.

During the proposed Lab meeting entitled “Nanoparticles size” the following information can be introduced and
discussed with the students:

What is “nano”? Well, without providing a definite answer to this question, nano is a popular (emerging) area of
science and technology today. It has attracted the attention of researchers from all walks of life, from physics to chem-
istry to biology and engineering.

In today’s scientific realm, the word nano describes physical lengthscales that are on the order of a billionth of a
metre long. Nanoscale materials therefore lie in a physical size regime between bulk, macroscale, materials (the realm
of condensed matter physics) and molecular compounds (the realm of traditional chemistry).

In this respect, nanoscale physics, chemistry, biology and engineering asks basic, yet unanswered, questions
such as how the optical and electrical properties of a given material evolve from those of individual atoms or mole-
cules to those of the parent bulk. Other questions that nanoscience asks include:

+ How does one make a nanometre-sized object?

« How do you make many (identical) nanometre-sized objects?

+ How do the optical and electrical properties of this nanoscale object change with size?

« How does its optical and electrical properties change with its “dimensionality”?

+ How do charges behave in nanoscale objects?

+ How does charge transport occur in these materials?

« Do these nanoscale materials possess new and previously undiscovered properties?

+ Are they useful?

What are the relevant length scales for nano? Well, | guess it depends on who you talk to. On one hand some peo-
ple call nano anything smaller than stuff on the micro level. This could mean dealing with stuff on the hundreds of nm
scale. One useful perspective on a definition for the appropriate lengths scales for nano is a regime where the chemical,
physical, optical and electrical properties of matter all become size and shape dependent.

Resource proposed to be used (from Repository):

http://ntse.ssai.valahia.ro/35/1/Introduction_to_Nanoscience_and_Nanotechnology_By_Masaru-Kuno_1.pdf

When different nano-particles properties have to be discussed in relation of the structure compounds, the mate-
rials presented in the Experiment Room related to “Obtaining of magnetite nano particles” can be easily used.

For example, the short movie file entitled How to make magnetite nanoparticles in your kitchen (also from Repos-
itory: http://ntse.ssai.valahia.ro/71/1/Nanorust%20Lab.mp4) can be presented to the students at the beginning of
the lab, together with the video-clip entitled Iron nanoparticles and Ferrofluids (from the Experiment Room of NTSE
Virtual Lab: http://vlab.ntse-nanotech.eu/NanoVirtualLab/experimentroom/908f4cedc98349d0b57e781ae3ea29c¢5).
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On the base of the presented information, the following discussion can be made with students:

Magnetite has an inverse spinel structure with oxygen forming a face-centred cubic crystal system. In magnetite,
all tetrahedral sites are occupied by Fe** and octahedral sites are occupied by both Fe* and Fe*. Maghemite differs
from magnetite in that all or most of the iron is in the trivalent state (Fe*') and by the presence of cation vacancies in
the octahedral sites. Maghemite has a cubic unit cell in which each cell contains 32 O ions, 21.%5 Fe* ions and 2.%5 va-
cancies. The cations are distributed randomly over the 8 tetrahedral and 16 octahedral sites.

Iron oxide nano-particles are iron oxide particles with diameters between about 1 and 100 nanometres. The two
main forms are magnetite (Fe,0,) and its oxidised form maghemite (Fe,0,). They have attracted extensive interest due
to their superparamagnetic properties and their potential applications in many fields (although Cu, Co and Ni are also
highly magnetic materials, they are toxic and easily oxidised).

Applications of iron oxide nano-particles include terabit magnetic storage devices, catalysis, sensors, and
high-sensitivity biomolecular magnetic resonance imaging (MRI) for medical diagnosis and therapeutics. These ap-
plications require coating of the nanoparticles by agents such as long-chain fatty acids, alkyl-substituted amines and
diols. Additional proposed Resource (from Internet): http://en.wikipedia.org/wiki/lron_oxide_nanoparticles

After the discussion related to the structure of magnetite nanoparticles, the students can be invited to obtain
such kind of nanoparticles by following the next procedure:

Materials and ingredients: vegetable oil, acetic acid 5%, solid sodium hydroxide, water, rust (rust consists of
hydrated iron (lll) oxide Fe,0,+nH,0 and iron (lll) oxide-hydroxide FeO(OH)<Fe(OH).), heater / stirrer apparatus, crystal-
liser, Erlemayer glasses.

Procedure:

+ Add 50 ml vegetable oil in an Erlenmayer glass;

+ Prepare a sodium hydroxide solution by dissolving 7,5 g of solid NaOH in 30 ml of water;

+ Put the glass with oil under the stirrer and add gently the NaOH solution and keep it under continue stirring
about 15 min;

+ The obtained mixture will be transferred into a crystalliser for about 2 days until a solid mass will be obtained
(soap).

+ Add 300 ml acetic acid over the soap and dissolve it under low heating by continue stirring (15-30 min); it can
be observed two distinct layers have occur after complete dissolution - using a separating funnel place the upper layer
into a clean glass;

« Keep under medium heat the separated upper layer about 30 min until a yellow and clear liquid mixture is
obtained (fatty acid mixture);

+ Add 5 g of rust and keep stirring under medium to low heat about 10 min;

+ Cover the glass and keep at low heating about 1,5-2 hours until stops the vapour release

+ Dry the solid mass obtained (magnetite nanoparticles 50-90 nanometres) and observe the particles at the mi-
croscope.
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In another Lab meeting, focused on Colloidal synthesis of nanoparticles the students should be asked to read
the information presented in the following next web-sites, being asked to see the difference of the properties, function
of nanoparticles’ dimensions:

o http://www.nanoblog.ch/uploads/file/02904_09-03-23-topic-1-parak.pdf

o http://www.google.ro/url?sa=i&rct=j&q=colloidal+synthesis+of+nanoparticles&source=images&cd=&-
cad=rja&docid=GdHfaqSIm4r4lM&tbnid=5qOvuUfyoYSubM:&ved=0CAMQjhw&url=http%3A%2F%2Fwww.
springerimages.com%2FImages%2FRSS%2F1-10.1007_s11244-007-9028-1-5&ei=mJteUbz9AYbfswav5YGwC-
Q&psig=AFQjCNGqRPuQvrRRrmY3J1YQFThtEdO7fw&ust=1365241108683304

ehttp://www.docstoc.com/docs/41764728/Colloidal-Synthesis-and-Characteriza-
tion-of-Zn0-and-ZnS-Nanoparticles

o http://www.docstoc.com/docs/22838211/Synthesis-and-Study-of-Silver-Nanoparticles

« http://www.sciencedirect.com/science/article/pii/$0021979711014585

Ag np 13nm Ay np 50nm Ay np 100nm Ag np ~20nm

At the same time, the students are invited to read and debate about Nanofluids, using the resource included
in the Repository: http://ntse.ssai.valahia.ro/36/1/Cutting%20Edge%20Nanotechnology.pdf (starting from page 251).

Then, an academic discourse can be organised during the meeting where the following information is presented
and discussed.

Colloidal synthetic approaches have provided versatile tools for constructing uniform nanomaterials with con-
trolled size, shape and crystalline phase. A variety of methods have been utilised to produce nanoparticles including
milling, vapour-phase deposition techniques and solution-based synthesis. This section will be focused on colloidal
solution-based methods as it is more commonly used in catalytic studies.

General colloidal synthesis primarily consists of three components: reactive precursors for particle formation,
surfactants to direct particle size and shape, and solvents to act as a reaction medium. The choice of precursors, sur-
factants and solvents depend on the material and morphology desired. Typical reaction pathways include thermal
decomposition, chemical reduction or oxidation, precipitation, sol-gel and galvanic exchange/replacement.

For metal nanoparticles, thermal decomposition is often chosen because it can produce small, spherical par-
ticles that are monodisperse, having size distributions within 5% (gr < 5%). Precursors consist of zero-valent organo-
metallics that are rapidly injected into hot high-boiling solvents with stabilizing surfactants. These reactions are often
conducted using standard air-free techniques, as many of the precursors typically used are toxic and/or pyrophoric.
Thermal reactions are often conducted at temperatures between 120 °C and 300 °C. The following figure shows a typi-
cal reaction setup consisting of a stir-bar, stir plate, heating mantle or oil bath, 3-neck round bottom flask fitted with a
septum for injections, a thermocouple and a reflux condenser affixed to an inert gas line and bubbler.

Controlled Growth

Atypical reaction setup and concept for colloidal synthesis of nanoparticles. E
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Many metal chalcogenides are also made similarly with either the chalcogenide or metal precursor pre-dissolved
in the reaction solution before injection. When using ionic precursors, reducing agents may also be needed to produce
zero-valent metals or alloys. This allows for the formation of nanoparticles at ambient temperatures or in aqueous
solutions. For slow growth, mild reducing agents are used, such as carboxylic acids or thermally activated 1,2-alkanedi-
ols. Stronger reducing agents, such as sodium borohydride or superhydride, are required for fast nucleation processes
or for metal complexes with very negative reduction potentials.

Then the students would be invited to read and discuss the preparation of 2-D and 3-D nanocatalysts.

Colloidal metal nanoparticles can be applied to two types of catalysts; 2-dimensional (2-D) and 3-dimensional
(3-D) catalysts. For decades, single crystals have been used for model studies of surfaces and catalysis, both as metal
films and supports for metal particles. Similarly, 2-D catalysts are prepared by self-assembled nanoparticles deposited
on a substrate by using the Langmuir-Blodgett technique (presented in the next). Surfactant stabilised colloidal nano-
particles floated on poor solvent - like water for the case of hydrophobic particles - then, assembled to form a closed
packed array and deposited on a substrate by immersing the substrate form the liquid.

Colloidal Nanoparticies

Mesoparous Suppart

Assembly of NPs by
Langmiuir Blodgett film

20 NP Catalyst 30 NP Catalyst

Schematic illustrations for preparation of
colloidal nanoparticle-based 2-D and 3-D cata-
lysts

Conventional industrial catalysts are composed of metal nanoparticles supported on the high surface materials.
In order to prepare for industrial heterogeneous catalysts with high surface area, two kinds of methods are mainly
adopted: ion-exchange and incipient wetness. In both cases, active metal nanoparticles with a size range of 1-10 nm
are deposited on and into metal oxides or carbons with high surface area. For ion-exchange, electrostatic interactions
between metal precursor and support guarantee high dispersion of nanopaticles, whereas the incipient wetness pro-
vides a simple way to obtain nanoparticle catalysts in a large scale by using capillary force to load metal precursors
in solution. However, both methods have a broad size distribution of nanoparticles, because of difficulties controlling
thermal activation and reduction during the formation of particles on the supports.

Organizing a Virtual Lab meeting dedicated to Synthesis of nanomaterials, the information found in the Ex-
periment Room of the Virtual Laboratory concerning the above-mentioned topic should be combined with the ad-
ditional information from the following website, which can be introduced to the students: http://nanoall.blogspot.
ro/2012/01/synthesis-of-nanomaterials.html. The synthesis approaches should be then discussed.

Going deeper into the topic Synthesis of metallic nanoparticles supplementary information can be introduced
to the students (http://nanoall.blogspot.ro/2012/01/synthesis-of-metallic-nanoparticles.html) and then the func-
tion of the experimental basis and the synthesis of different metallic nanoparticles can be introduced.
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111.3. Science Teachers

How can a Virtual Laboratory resource be implemented by Science teachers?

As a first recommendation we would encourage teachers to exploit as much as possible the widespread educa-
tional materials provided by NTSE’s Virtual Lab, in order to implement an effective lesson plan with their pupils, even
when it’s impossible to reproduce the real proposed experiments.

Although in some cases the proposed practical experience is not a real experiment, it however represents a tool
aimed at better understanding the related scientific concept. For instance, even if the lesson plan “Making Origami
Buckyball” suggests as a practical experience just the realization of a macroscopic level model of this molecular struc-
ture, it in fact represents an effective aid to better illustrate carbon’s bonding ability.

As can be seen, each of the lesson plans proposes different educational tools (Movies, Interactions, Documents,
Repository, Other, Feedback) on their own pages.

Now we want to focus your attention on the Interactions Room where there some applets are available repro-
ducing the different steps of the whole experiment. Accordingly, if the class will not reproduce the real experiment,
those simulations should be watched in order to allow the students to better assimilate the crucial concepts of the
experience.

Using, forinstance, the lesson plan “Nanocrystals fabrication,” it is possible to have an overview of the procedure
to implement a lesson plan exploiting all the kinds of educational tools available in the page. As already recommend-
ed in the Educational Practices for Students (see paragraphs Ill.1.), first the teachers should read the guide available
in the room “Documents.” In the guide, after the foreword for the teacher, there are some suggestions about how to
introduce the subjects with students at an early stage. In particular the proposed questions focus the attention on
such topics like dissolution of compounds and the visibility of things related to their dimension, leading the students
to topics already dealt with in curricular programs in Chemistry and Physics. Then teachers could invite the students to
investigate the subject by themselves -individually or collaboratively - reading the Student Guidelines and watching
the multimedia resources available in the Repository room.

The following phase envisages the experiments that could be performed in different ways exploiting the labo-
ratorial procedures, the videos and the applets available in the Interactions room. The best way could be to carry out
the real experiment integrated by the video and the applets, and if possible the class should be split in small groups of
4-5 pupils and each group should be equipped to carry out the whole experiment. If a school has no laboratory, the ex-
ploitation of solely virtual resources could result in effective educational outcomes. In this case it could also be better
to split the class into small groups and have each of them carry out their own research work.

The video available in the experiment room “Nanocrystals Fabrication” shows the right procedure for the real
experiment performed by an expert in a laboratory. It’s important to notice that the expert adopts all the precautions
needed to operate in a chemical laboratory correctly. The video could be watched by the class before the students
accomplish the real experiment.

The applets simulating the experiment could be used while the real experiment is on stage. In the case of “Nano-
crystals Fabrication” the whole procedure has been split into four parts to better lead the users through the different
steps of the experience:

1. Dissolution - besides illustrating the right procedure for the first step of the experiment, the phenome-
na displayed in this first applet can be related to the curricular programs in Chemistry when we talk about solutions;

Dissolution
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Snapshots from the video available in the “Nanocrystals Fabrication” Movies
room (left) and from the Applet 1 (right), showing the first steps of the experimental

procedure. 31
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2. Molecular dissolution - this applet simulates in-depth the phenomena of dissolution by illustrating at
a molecular level the decomposition of Zinc Acetate molecules in ZN2+ and CaC3COO- ions;

Melecular dissalution
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Snapshots from the V|deo (left) |llustrat|ng the dissolution of Zinc Acetate in a
macroscopic level and from the applet 2 (right) illustrating the same phenomena at

a molecular level.
Precipitation - this applet illustrates at a macroscopic level the crucial phase of the experiment repre-

3 C
sented by the formation of nano-crystals of Zinc Acetate during the cooling of the solution. The attention of the stu-
dents should be focused on the moment at which the precipitate becomes visible. The phenomena could be related to
the relationship between the dimension of the new formed crystals and the wavelengths in the spectrum of light;

Precipitation

et
=
’ S s b it b e B

L]

Snapshots from the video (left) and from the applet 3 (right) showing the mo-
ment when the new formed crystals become visible.

4, Molecular precipitation - this last applet simulates the development of the new crystal of Zinc Acetate

at a molecular level.
Molecular Precipltation
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Snapshot from the applet 4 show-
ing the formation of the new formed

crystals in a molecular level.
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Considering that the execution of the different steps of the real experiment requires longer times than those
shown in the virtual simulations, the different applets could be watched by the users during the waiting time (ethanol
boiling, zinc acetate dissolution, precipitation, etc.) to anticipate the following steps or to discuss experiment so far.

Once the experiment has been carried out, the subjects it covered can be discussed and examined in depth
exploiting the documents available in the Repository and Other rooms that provide further scientific information for
the user (E.G.: Meijer, Janne Mieke Master Nanomaterials from a student’s perspective. Video http://ntse.ssai.valahia.
ro/54/; Bakewell, David Micro and Nano-Transport of Biomolecules. http://ntse.ssai.valahia.ro/39/)

In the Documents room a Self Assessment Grid for Student is available that should be completed by each student
involved in the implementation. The outcomes resulting from the filled grids can be easily elaborated in order to gain
feedback on the educational effectiveness of the lesson plan.

111.4. Other Target Groups

How can a Virtual Laboratory resource be used by other target groups (researchers, education stakeholders and
academic staff)?

In education, research illustrates different ways in which scientific concepts are promoted and experimented
(Galton and MacBeath, 2008). While laboratory work is generally considered the most common activity in science,
students often find science boring, even though they prefer to work in groups (Pell et al., 2007). It is noticed that for
productive group work equipment is not always needed, but engaging students in considering alternative ways of
explaining events, planning investigations, or working out how to interpret data from others’ experiments is very im-
portant (Crawford, 2000).

Having different digital tools as suitable examples designed for mathematics and science classes, it is evident
that the introduction of information and communication technology in education led to improved learning results
changes in practices, with a positive effect on learning (Lipponen, 1999). In this respect, ICT represents a proper chan-
nel to be used for developing knowledge acquisition, to change structures of classroom activities, to increase students’
control over their own learning, and to enhance motivation in science classes.

When the topics presented during science lessons - such as those connected with the structure and properties
of nanomaterials, or the connection between science and nanotechnology - could not be explained or emphasised by
using real experiments due to the lack of materials/reagents at the teacher’ disposal, NTSE Virtual Laboratory - includ-
ing digital tools and learning science through ICT tools - can be a powerful instrument to introduce new steps made by
researchers in Nanoscience and Nanotechnology products. If digital tools are fully exploited, they can offer innovation
in teaching and also ways to increase the attractiveness of learning. It was clearly demonstrated that ICT facilitates
wider access to innovative resources, regardless of geographical or socioeconomic barriers (Gorghiu & Gorghiu, 2013).
In fact, ICT represents the core of a new paradigm of borderless education that is proposed to be implemented with the
view of providing innovative ideas and even possibilities for reforming education in different parts of the world (Lubis
etal., 2009).

The stakeholders from education have to be connected to new steps in science and technology, the ways in
which ICT can help in emphasizing science and technology developments, and they have to promote the introduction
of those novelties into the in-service teachers’ training programs. With those programs science teachers should obtain
the necessary knowledge related to the new development in science and be able to introduce in their lessons many
more examples from these new findings in order to increase the students’ motivation to learn and understand science.
Nanoscience and Nanotechnology matters, by their incredible applications, offer many possibilities to emphasise to
students how much science can offer us today and how much we can do if we are aware of these discoveries. But, on
the other hand, due to the small dimensions of the particles involved in Nanoscience and Nanotechnology, not all
teachers have the experimental basis to create and develop real experiments in the classroom. In this case, the use
of virtual experiments remains the most important tool for emphasizing topics related to these fields. Promoting the
NTSE Virtual Laboratory to the level of all educational stakeholders would lead to the use of the lab as an electronic
platform in which they can find the collection of didactic materials that comprise virtual experiments, interactive sim-
ulations or multimedia products designed to attract the students to the science learning process. The materials and
facilities of the Virtual Lab have been designed in such way that they can be used in different scopes by different kind
of education stakeholders. We can give some examples of the use of NTSE Virtual lab by different kind of education
stakeholders (students, teachers, academic staff, heads of schools, researchers, inspectors and policy makers).
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The Virtual Laboratory Demo, prepared as a teacher’ guided tour, can be used by academic staff in different
seminars, workshops or in-service teacher training programs for introducing the possibilities offered by the new ICT
tools in the process of explaining or practicing different science topics. On the other hand, this demo guided tour can
also be used by science teachers when introducing the possibility of alternating real experiments with virtual ones in
different lessons.

The Experiment Room of the VL can be also used by academic staff, pre-service and in-service teachers during
training programs, where different experiments can be discussed and suitable possibilities of their implementation
during science lessons should be emphasised. The advantage of the VL Experiment Room is that it offers materials pre-
pared in different ways - from the text materials to interactive simulations and video clips. These materials can be used
during the implementation of a certain topic into the classroom and can also be combined with the other materials
included in other sections of the Virtual Lab.

Trying to raise the students’ interest in science (in general), and Nanotechnology (in particular), a Podcasting
Room was introduced to the Virtual Lab. But this room is not dedicated only to students from secondary schools. Itis a
powerful VL facility that should/can be used by different researchers to introduce their new scientific research findings
at the educational level. Different short interviews can be made in order to promote the new materials obtained from
scientific laboratories and their potential properties. In this way, researchers can become models for the pupils and
students; the interviews can be very important for those students attracted to the area of science and who follow spe-
cific academic learning study programs (bachelor, master’s degrees or even Ph.D.). In addition, the Podcasting Room
can be also a good opportunity for researchers to hear about the new findings of other researchers and to connect with
each other for future collaboration.

The broadcasting of photos from various conferences, seminars, workshops and interviews with successful
women scientists, engineers and business men and women should be used by in-service teachers, head of schools,
academic staff, researchers, inspectors or policy makers to promote all the activities developed by the science com-
munity in different countries. In this way, the Podcasting Room can become an up-to-date radiography of the science
community activity.

At the beginning of designing the VL process, the NTSE partnership made a need analysis related to Nanotech-
nology knowledge in the partners’ countries. At the end of analysis the team discovered that there are enough in-ser-
vice teachers who say they lack knowledge on nanotechnology, and a certain part of prospective teachers interviewed
in each country also declared that they only know what nanotechnology is, but do not have any further knowledge.
Due to this finding, the NTSE partnership decided that the introduction of a resource library (NTSE e-Repository) in the
Virtual Lab, with scientific and methodological articles, books, papers, posters, learning objects and news about the
latest discoveries in the field, is imperative, to be consulted by both target groups. The resources included in the NTSE
e-Repository have been completed with other multimedia products useful not only for teachers and prospective teach-
ers, but also for students. The resources in the Repository are interesting not only for students from secondary educa-
tion and teachers, but also for bachelor or master’s degree students, since the level of some articles, books, papers or
posters is enough to consider them scientific literature. In addition, researchers can find in the Repository information
and findings related to certain topics considered interesting from their perspective. By contacting the NTSE team they
can also introduce their scientific research to the Repository. Going through the information existent in the Repository
materials, policy makers can obtain a real vision of the development of Nanoscience and Nanotechnology, and they
can decide the ways to change the actual curricula in order to adapt it to new findings.

The Blog section organised in the Virtual Lab was introduced in order to ensure there was a place where every
education stakeholder can not only read different news related to Nanoscience and Nanotechnology, but also to inter-
act and introduce his/her experience or opinion on certain topics. The forum organised inside the Blog is a powerful
opportunity to develop a community interested in those areas. By posting different information in the Nano-news,
Nano-projects and Nano-links areas, the educational and research community can be up-to-date about the novelties
in the above-mentioned domains.
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The Glossary section of Virtual Lab is a facility that can be used by all types of education stakeholders, especial-
ly those less familiar with the specific terms used in science. It is a very important tool, especially for students involved
in different science academic study programs who are preparing to become teachers or researchers.

NTSE Virtual Lab SNE gy,
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Descriptiun : Different structural modifications of an element with different physical properties but with the same chemical propetties.

The Competition room is a special section of the Virtual Lab that can be used by education stakeholders to pro-
mote Nanoscience and Nanotechnology to students. With the posters prepared by students from different countries
in the Nano-competition the section can raise students’ interest in the topics presented in the posters. The posters de-
signed can be used as examples for future competitors, and through promoting activities made by different education
stakeholders, new competitions can be organised in the future.
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IV. Gender Equality

The EU is committed to sustain strategies for ensuring full participation and achievement in the sciences by
women and girls. According to the report She Figures 2012: Gender in Research and Innovation, women are still un-
derrepresented in both the public and private research sectors. (http://ec.europa.eu/research/sciencesociety/docu-
ment_library/pdf_06/she-figures-2012_en.pdf)

Here are some of the findings of the survey in terms of scientific employment, scientific fields, career develop-
ment and decision-making process of women:

In terms of scientific employment:

+On average in the EU-27, women represented 40 % of all researchers in the Higher Education Sector, 40 % in the
Government Sector and 19 % in the Business Enterprise Sector, but in all three sectors the number of female research-
ers has been witnessing higher growth rates than the number of male researchers.

In terms of scientific fields:

« Over the period 2002-2009, female researchers were generally gaining ground in all fields of science in Higher
Education, although at a very different pace in the different countries. Inparticular, the humanities as well as in engi-
neering and technology; these fields were attracting more and more women. Contrary to the relatively uniform distri-
bution of female researchers across science fields in Higher Education, the situation in the Government Sector is much
more diverse and disparate, and the way the number of female researchers evolved over time in the different fields of
science was highly country-specific.

In terms of career development:

« Women’s academic career remains markedly characterised by strong vertical segregation. In 2010, the propor-
tion of female students (55 %) and graduates (59 %) exceeded that of male students, but men outnumbered women
among PhD students and graduates (the proportion of female students stood at 49 % and that of PhD graduates at 46
%). Furthermore, women represented only 44 % of grade C academic staff, 37 % of grade B academic staff and 20 % of
grade A academic staff.

In terms of decision making:
+ On average in the EU-27, 36 % of board members were women in 2010, whereas in 2007 they represented only
22 %, an increase which is influenced to a certain extent by changes in the computing methods for the EU average.

Differences in boys’ and girls’ way of learning [ behavior - Classroom Practices

According to the literature (UNESCO Guidelines for Mainstreaming Gender in Literacy Materials, PREMA project,
TWIST project, PRAGES project, Equity Initiatives for Science and Mathematics), the learning behavior of girls and boys
differs. While the variance might be partly due to biological factors, current research focuses on behavior aspects in
teaching / learning. The genders are likely to process information and behave in a classroom in different ways.

Boys take a more abstract and holistic approach, are more receptive to symbols and formulas and because com-
petition seems to be a good motivator for them to learn, they are often more competitive in their behavior. Girls, on the
other hand, tend to process information more sequentially and systematically; they are more linguistic, have a greater
eye for detail and find tangible and concrete examples more appealing.

It is important to note that these differences are generalized for all boys and girls, based on research results.
There will always be exceptions. Every child is different. Variations in the way children learn are found not only between
the genders, but also within them. However, when teachers are aware of the general differences between boys and girls
and know how to respond to them, the education of the whole class could be significantly more effective. We therefore
need to acknowledge and encourage both ways of learning. Not only by differentiating the way we teach boys or girls,
but by integrating both ways of learning into our teaching methods. In addition, teachers should be aware of their own
ways of learning. Just like their students, male and female teachers may have a more “boy-like” or “girl-like” way of
learning - which could make their teaching methods more suitable for either boys or girls. It isimportant to understand
that a teacher’s way of learning and a teacher’s preferred teaching methods may not suit all students.
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IV.1 Classroom Practices

A short outline of issues to be attended in Student/Teacher interaction is presented here below:

+ Give equal attention to girls and boys. Call on girls as often as you do boys - ask boys and girls questions which
are equally demanding.

+ Have high expectations of both male and female students. Do not encourage learned helplessness by over-nur-
turing the girls.

+ Encourage girls to be active learners by using manipulative and providing hands-on learning experiences.

+ Use gender-free language in classroom discourse. Eliminate sexism in your use of language.

+ Use quality, precise feedback to girls’ as well as boys’ answers - not just a nod or a “good.”

« Make eye contact with all students and call them by name.

+ Understand that girls generally begin processing information on the brain’s left, or language, side. So, girls
deconstruct science concepts verbally. Looking at something on a board or screen is not enough. They need to unpack
the problem using language. They need to “talk it through”.

+ Provide adequate wait time, perhaps 3 or 5 seconds, before calling on a student to answer the question. Fe-
males often wait until they have formulated an answer before they raise their hands; boys often raise their hands im-
mediately and then formulate an answer.

+ Have girls read instructions aloud. When girls eventually perform science experiments, even when the project
is relatively easy, this will help them break down the steps involved. It also helps with deconstructing more elaborate
math problems down the road.

+ Never tell girls the answer. The point of science is not so much to get the answer but to figure out how to get it.
The more you do for your students the more you short circuit their self-esteem. If they are stuck on something, keep
asking questions.

+» Do notinterrupt girls or let other students do so.

+ Refrain from recruiting students to perform classroom “chores” based on traditional gender roles. Do not ask
only boys to assist in carrying boxes and girls to clean the bookshelves.

As for the Lesson Planning/Classroom Management the following issues should be considered:

- Emphasize that we live in a scientific world. Girls can be increasingly resistant to the idea of “science” as a stan-
dalone subject until they reach middle school. When the same scientific principles are presented to them as “social
studies”, they become invariably receptive and energetic students.

- Raise the “fun-factor” in science lessons by e.g. including games, by offering a variety of teaching methods and
by relating the subject matter to students’ interests. For example, interactive teaching methods have proved efficiency
in preventing gender gap in science teaching.

- Avoid gender -based stereotypes in the educational activities, experiments, teaching materials and teaching
programmes. Give equal attention to girls and boys - giving boys and girls tasks which are equally demanding.

- Balance cooperative and competitive activities. Most girls learn more readily in cooperative situations.

- Establish rules for participation and rotate jobs within each group.

- Give girls an equal amount of assistance and feedback. Boys usually receive more help and praise that builds
self-esteem.

- Stress safety precautions instead of dangers for certain activities such as laboratory experiments.

- Avoid the digital gender gap by encouraging equity in ICT use. Insist that girls as well as boys learn to set up and
use all electronic equipment.

- Address inappropriate behavior with a fair and respectful attitude, regardless of gender, race, ethnicity, or so-
cioeconomic class of students.

- Use computer and lab partners. Again, most girls work better in cooperative groups or teams.

- Provide female role models. Girls need to see females in certain professions or career choices in order to visual-
ize themselves in the same or similar roles; whereas boys need only to hear about certain roles to imagine themselves
taking place in those same roles.

- Provide learning experiences for girls to develop spatial visualization skills.

- Create an attractive classroom environment. Girls learn better in an aesthetically pleasing environment.
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IV. 2 Gender Equality in the context of NTSE

The project is aware of the European priorities and tendencies concerning the science education in girls. That is
why it defines as its objectives to apply gender equity sensitive approaches and pedagogies toward teaching/learning
about nanotechnologies. NTSE Team has paid strict attention to balance the number of participants while designing
the national and international events. These are the figures based on the numbers of female and male participants of
NTSE Project test implementation period, poster competition and science camp. The data for the test implementation
period is not shown on a table due to the fact that the implementations still continue. However, special attention is
paid to keep number of male and female participants in balance.

GENDER
COUNTRY TOTAL
FEMALE MALE
BULGARIA 6 13 19
Table 1: The number of
GREECE 14 13 27 participants for the poster competition
based on gender
ITALY 28 16 44
ROMANIA 20 8 28
TURKEY 31 48 79
GENDER
COUNTRY TOTAL
FEMALE MALE
BULGARIA 4 3 7
GREECE 2 2 4 Table 2: The number of participants
for the science camp based on gender
ITALY 2 4 6
ROMANIA 6 0 6
TURKEY 5 8 13

V. Conclusions

The Nano Project Virtual Laboratory represents an important step in understanding basic nano concepts, being
dedicated basically to pupils, students and in-service teachers, but also with a great exploitation potential by universi-
ty students, prospective teachers, education stakeholders, researchers and academic staff. The main idea of building
such a virtual resource is based on the principle to make the content as simple for use and exploitation as possible, un-
derstandable and attractive, but also to involve and include inquiry-based methods for the proposed application that
encourage learners to think about nano processes and phenomena, and to find solutions and exchange information
through several channels (as blog or videoconference).

The implementation process of the Nano Project Virtual Laboratory has illustrated a great potential at all the ed-
ucational levels, in this way, the project partnership is being encouraged to pay real attention to the exploitation pro-
cess in promoting the Virtual Laboratory and its resources to various educational, professional and school / academic
networks of which the partners are members.
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NTSE-Nanotech Science Education project is

a KA3 Transversal Multilateral Project aiming

to raise the awareness of |CT supported

leamning, through Nano technology in Science

Education, at all levels of education and

training. NTSE creates a new direction in

teaching science by means of ICT and by

making science education more attractive

and applicable to students (aged: 13-18),

teachers and prospective science teachers

of all backgrounds. Virtual Lab is designed to ]

improve the scientific judgment of students i L o
via an ingquiry-based learning concept |§ . : -
exploring the role of creativity and innovation

in education and training against the

backdrop of dramatic change in how, where

and what learners learn.

Project outcomes:

=3 Nano-Science Camp training, with
hands-on experiments and demonstrations

=+ Nano-Technology poster addressing
the students between the age 13 to 18.

3 INT-NTSE International Nano-Tech
Science Education Congress.

e d Mano-Tech Guidelines with the brief
information on Virtual Lab and Nano-Tech
Annual with facts, statistics and graphics
about the project.

= The workshop & webinar providing
basic information on how to effectively use
the virtual lab in the classroom.

www.ntse-nanotech.eu/webinar.
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