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1 INTRODUCTION

The Inspiring Science Education Policy Support Action has implemented for a period of 3 academic years a
large scale experimentation to mainstream the use of online tools and labs in STEM lessons in primary and
secondary schools in Europe. More than 10,000 teachers, from more than 5,000 schools were involved in
this experimentation. These teachers have developed more than 6,000 educational scenarios and
activities which were implemented in their schools. More than 20,000 students were involved in focused
evaluation experiments using scenarios that included problem solving competence assessment tasks. More
than 11,000 data sets were acquired providing the largest data base of its kind in Europe.

This document describes how the Inspiring Science Education large scale experimentation was developed
and supported and presents its main findings as a series of guidelines and recommendations for the creation
of the future science classroom through the organization of online STEM resources, the integration of tools
for the teachers, the development of the support mechanism and the main findings from the use of the
system in schools (based on the data from the usage of the system but also from the school practice). In
addition it includes the ISE Sustainability Plan in the Annex that was developed by OUNL in close
cooperation with all ISE partners within several workshops and online meeting and approved at the 9th PMC
in Athens to ensure the exploitation and sustainability of ISE after the project ending. The document
concludes in section 7 with a series of general recommendations that they can act as reference for the future
development of integrated professional development programmes (e.g., in the framework of the Inspiring
Science Education Academy) that could support the development of an open school culture that allows for
cross institutional cooperation, curriculum organization and vision building and returns with the development
of a strong community of content creators and developers as well as with students with increased proficiency
in solving problems and proposing solutions.

1.1 Scope

The Inspiring Science Education Policy Support Action has as its goals to encourage young students to: a)
engage in science topics, b) acquire scientific inquiry skills, and c) experience the culture of doing
science, under motivating circumstances, by undertaking active, guided, experimentation, carried
out on more basic and top-level scientific facilities.

To achieve this, the Inspiring Science Education inventory offers a federation of remote laboratories, virtual
experiments, and data-s et s (t oget he onlineddbeandteaso) o fasi iiti es t o embe
labs in pedagogically structured learning spaces by teachers and that also offer students cognitive

scaffolds and opportunities for social interaction. The aim of Inspiring Science Education was to

leverage on existing online lab repositories and increase their accessibility by offering lightweight end-user

interfaces. Inspiring Science Educationds onl i ne | abs and tools are fit to |
activities. To facilitate this process, Inspiring Science Education offers pedagogical and technical plug (ease

of integration), play (ease of use), and share (ease of consolidation) methodologies and infrastructures

to teachers: a) to guide the preparation of inquiry activities by the facility to compose dedicated learning

spaces, b) to access resources that facilitate the design of realistic and engaging activities, ¢) to adopt,

enrich, and/or modify these activities through an online community.

I nspiring Science Educationbés resources come from | ar
research institutions, as well as from dedicated companies. Inspiring Science Education offers these lab-
owners: a) open interfacing solutions to easily plug their real experiments online and construct their virtual
didactic counterparts, b) increased visibility and attraction, and c) unique opportunities for stimulating
dialogue between (young) scientists and students. The Inspiring Science Education consortium has
managed to demonstrate effective ways for involving a broader set of actors in the use of online labs
(including advanced experimental facilities like CERN detectors, robotic telescopes and microscopes as well
as by providing access to unigue scientific data) by developing a framework of actions that will a) attract
young people to science and pool talent to scientific careers, b) to foster a culture of cooperation
between research infrastructures outreach groups, online labs providers and schools, by spreading
good practices between outreach groups of large scale research infrastructures, research institutions and

The ISE Federation Page 9 of 80
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universities, encourage them to develop their activities in complementary ways and c) to optimise the
educational use of online labs by demonstrating how they could support the vision of the science
classroom of tomorrow.

These three main impacts the Inspiring Science Education initiative were achievable by realizing the three
main enabling (pedagogical) aims of project, namely the development of a) a federation of online labs
organized in such a way to facilitate pedagogical plug and play in science classrooms, b) a pedagogical
framework for inquiry learning with online labs that sets the framework for the development of numerous
demonstrators (scenarios of use) and c) a community of practice that implemented the project activities at
large scale in Europe formingt he mai n vehicle of the projectds sustain

The Inspiring Science Education large scale initiative aimed to set in operation a mechanism to demonstrate
how online labs could provide powerful tools for scaling-up current pilot implementations for effective
introduction of inquiry learning in the school curriculum and development of effective outreach programmes
through the provision of high quality scientific content and data to schools. The graphical representation
above demonstrates how the Inspiring Science Education mechanism supports (through online labs),
incubates (through effective collaboration and community development) and finally accelerates (through the
Inspiring Science Education pedagogical plug and play) the introduction of innovation in science classrooms
in order to demonstrate how science works and to increase the interest of the students in science.

ENABLING AIMS

~=31 increase interest
accelerate

EFFECTIVE
INTRODUCTION TO
CURRICULUM

PEDAGOGICAL
FRAMEWORK

POTENTIAL IMPACT

INSPIRING SCIENCE
EDUCATION
APPROACH

aftract young people
to science and
pool talent
to scientific careers

=7

ONLINE LABS
AND TOOLS

~=3 demonstrate How
Science works

EFFECTIVE

OUTREACH

PROGRAMMES

COLLABORATION

NETWORKING

Figure 1: The Inspiring Science Education mechanism for impact

1.2 Attract young people to science and pool talent to scientific careers

The Inspiring Science Education approach (see Figure 1) was supported by the following coordinated
actions:

The ISE Federation Page 10 of 80
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By simulating in the classroom the work of the researcher

The direct interaction with science or the doing of science reflects a fundamental pedagogy of the Inspiring
Science Education project to provide learners with personal and direct experiences they can build upon in
their own ways. For example through the use of the rich repository of online labs students experience the
phenomena presented in their own terms, freely choosing what to attend to and interact with, depending on
their prior knowledge, interest and expertise. The online labs are integrated in the classroom environment
and they are used in meaningful activities related with science curricula. The use of the Inquiry Learning
Spaces (a simulation of the lab bench enriched with numerous support tools for experimentation and

analysis) facilitates this process. I nquiry Learni

research, but primarily as interactive and vivid initiatives where students equipped with powerful applications,
scaffolds and analysis tools become the researchers, the seekers and finally the leaders of the scientific
qguest. To this end, the Inspiring Science Education Inventory offers innovative, interactive, collaborative and
context-aware tools and functionalities, which are student-centred, focusing on contextualized and adaptable
learning experiences.

The ATLAS Virtual Visits web site that was developed to support the numerous e-Masterclasses events
organized in the framework of the Inspiring Science Education project. Numerous schools from all over
Europe were involved in these activities.

HAILS ATEAS Virtual Visits

Past events wo S EV T EE LR .

Figure 2: The ATLAS Virtual Visits web site for numerous e-Masterclasses events by ISE

In addition, students have the opportunity through the Inspiring Science Education Inventory and the
proposed tools to interact with researchers in live internet chats and webcasts (e.g. the Virtual CERN visit
events were initiated in the framework of the Inspiring Science Education initiative), asking questions and
hearing them describe their work (and their lives).

In physical and virtual visits to the research infrastructures and in videos students hear about the work of a
researcher and watch them in the field using the scientific infrastructures themselves. Having role models,
developing relationships with mentors and gaining job experience all are mentioned in the literature as
factors enabling young people to picture themselves succeeding in a science or a technology career (Hill et
al., 1990% Packard and Nguyen, 2003% Madill et al. 20044).

Hill, O. W., Pettus, W. C., and Hedin, B. A. (1990).

and females toward pursuit of science and science-r e | at e d Jownal®fdresgarch in Science
Teaching, 27(4), 289-314.

The ISE Federation Page 11 of 80
15/09/2016 v.1.0

S

T



Inspiring Science Education

cip

By promoting a better understanding of O6how science

The activities that were organized in the framework of the Inspiring Science Education extended pilots
introduced students to concepts and ideas of science of a multidisciplinary nature spanning all science
disciplines, mathematics and engineering. As such they safeguard sustained intellectual engagement by the
majority of students, while promoting the interest of the few who will choose to pursue careers in science. In
the framework of the educational activities implemented the students were asked to employ real-problem
solving skills, to handle and study situations, and to engage in meaningful and motivating science inquiry
activities. Adopting this approach, the dynamic character of scientific thought was efficiently assimilated,
stimulating and encouraging the creative minds of the participating students. By engaging in scientific
activities, students can also develop greater facility with the language of scientists; terms like hypothesis,
experiment, and control begin to appear naturally in their discussion of what they are learning. In these ways,
students begin to gain entry into the culture of the scientific community and start to change the way they
think about themselves and their relationship to science. They think about themselves as science learners
and develop an identity as someone who knows about, uses, and sometimes contributes to science. In this
way the Inspiring Science Education initiative added its contribution to the preparation of some students for
the expertise, but also of all students for the original thinking and creative work that are required by a
knowledge-based economy. Additionally, by extending the dialogue and direct contact between schools and
research organisations, universities and other online lab providers the project promoted scientific and
innovation culture to young people and help them acquire a better understanding of the role of science and
technology in society. The project approach has contributed to the opening of the science classroom to the
field of research offering first had opportunities for direct interaction between the students and the world of
science, technology and industry.

Today much of the ethical and political decision-making involves some understanding of the nature of
science, its strengths and limits. There is perhaps no better or more recent example of this need, than the
debate that arose around the operation of LHC at CERN, which has sparked the imagination of authors of
works of fiction, occasionally causing concern among the general public. To understand the role of science in
deliberations about the projected outcomes of the experiments taking place in the LHC, their safety and
value -given the immense investment in human and other resources involved- all students, including future
scientists need to be educated to be critical consumers of scientific knowledge. The Inspiring Science
Education project activities improved both students and teachers ability to engage with such debates, since

they not only impart a knowledge of the content, but @
which should be an essenti al c omp on e norne anél Dilom 20083°c h 0 o |
They also heavily encourage <critical and creative way
attitudes to science and its experi ments. Wh e n stude

appreciate the challenges and limitations of an experiment or observation and as a result develop a better
understanding of the nature of scientific knowledge.

By enhancing studentsdé science related career aspiratd.i

The Inspiring Science Education approach has managed to address another recommendation of the

Osborne and Dillon (2008)*r eport that efforts should be expended

with science before the age of 14 be as stimulating and engaging as possible, since their interest in science
is largely formed by this age. Occupational preferences developed during the formative years, in turn, have
also shown to shape the course of future career development and adult occupational attainment (Bandura et

®Packard,B.W.-L.and Nguyen, D. (20 R8ltedPdssthie SavesorAddkacent @irfs: A
Longit udi doural & Cavedrypevelopment, 29(4), 251-263.

* Madill, H. M., Ciccocioppo, A.-L., Stewin, L. L., Armour, M.-A. and Montgomerie, T.
Potential to Develop a Career in Science: Young women's issues and their implications for careers
gui dance ilmernationaltldumatfer thé Advancement of Counseling, 26(1), 1-19.

® Osborne, J. & Dilon, J. (2008). Science Education in Europe: Critical Reflections. A report to the Nuffield
Foundation.
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al., 2001°% Schoon, 2001; Schoon and Parsons, 2002%). More particularly in science, relevant aspirations

expressed at age 16 have proved to be strong predictors for entering a scientific career (Schoon et al.,

2007%). In this framework the Inspiring Science Education Inquiry Learning Spaces included interactive

career counseling approaches in order to increase awareness of the value of studying science among

students by demonstrating potential career opportunities. More precisely, the educational activities offered

young students opportunities for e xt ended investigat-on@ eopé&r iamednt @l a od
outreach activities such as the remote control of a robotic telescope that is located to the other side of the

planet, by simplifying the context of use for already existing online applications and by creating new ones

explicitly linked to the school science curriculum. The Inspiring Science Education team has explicitly

develop such science related occupational aspirations, by demystifying the work of the researcher, making it
familiarandt angi bl e f or younger students, who through the U
researchers got a first-hand experience both of what skills are needed in the job and of how it feels like
6doing the jobéd. On t he vative applitationsdn schooh lelped ® @utherticats uc h i
curriculum work, as students can see first-hand the relevance and application of the science learnt in the

classroom, in the real world. This is important and breaks the obstacles of current school curriculum practice,

in which school science is often presented as a set of stepping-stones across the scientific landscape and

lacks sufficient exemplars that illustrate the application of science to the contemporary world that surrounds

the young person, who thus perceives it as irrelevant to his/her life and loses interest in it.

By promoting inquiry-based science teaching and learning

The Inspiring Science Education approach brings the use of online labs and relative innovative applications
to school students in a meaningful way. These tools promote science teaching and learning as a process of
inquiry as well as technological thinking as a process of problem solving. They act as the window onto live
scientific experiments and phenomena, ongoing scientific research, and the personalities and stories of
working scientists across the globe. For example, the project has provided numerous students and teachers
with the opportunity to access and use remotely robotic telescopes in real time, interact with scientists from
ESA and other research institutions, perform experiments using experimental devices from university
laboratories across Europe, simulate quite complex phenomena, interact with the microcosmos, collect data
from seismometers across the world, perform observations, analyse data and results from CERN detectors
and finally develop and suggest solutions and provide answers to selected research i scientific topics. In

doing so the projectbs approach promot es afrom mainr s al (

deductive to inquiry-b ased met hods, which is more |likely to incre

science, according to two recent and i mportant publ i c

Europe: Critica¢rneer1DiIIoa,<2(108)4camsjé 6(S@stence Education Now: A

for the Future of Eur%ped (Rocard et al., 2007)

By tackling the gender gap in science

A further concern shared by both the world of school science education and the world of scientists and

researchers is the under-representation of females in the uptake of science studies and careers, despite

concerted efforts to address this in the |l ast 30 years

®Bandura, A., Barbaranelli, C., Ca pefftacybglieféasvhapersefnd Pas't
childrends aspirat i onGhid®eveloproeatr 7@(&)y187206aj ect ori es. 0

Schoon, | (2001). ATeenage job aspirations and career
of teenagers who aspired to become s c inemdtoinalt s, heal
Journal of Behavioral Development, 24(2), 124-132.

! Schoon, | . and Parsons, S. (2002). 66Teenage aspiratic
Journal of Vocational Behavior, 60(2), 262-288.

°Schoon, 1., Martin, P. and Ross, A. (2007).hépvCateey. ¢

Journal of Vocational Behavior, 70(1), 78-96.
1% Rocard M. et al, EC High Level Group on Science Education (2007). Science Education NOW: A Renewed
Pedagogy for the Future of Europe, ISBN 978-92-79-05659-8.
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proportionally lower engagement with the study of science is innate or cultural, there is a high level of
concern that both females and science are losing out: girls by foreclosing a number of career options, and
science by failing to attract students with potentially significant contribution to make (Osborne and Dillon,
2008)". The Inspiring Science Education initiative has helped counteract this imbalance by:

1 using in the pedagogical materials produced a variety of social situations and contexts to illustrate
scientific problem solving i using topics to show how science impacts on people;

1 promoting inquiry based pedagogical strategies proven to be popular amongst females, e.g. the use
of argumentation

representing science as something people do and not just a body of knowledge;

using the contexts of space exploration and life discovery for the application of the selected online
labs, contexts that have proved to be interesting to boys and girls alike;

1 including in the Inspiring Science Education interface support systems to encourage students who
lack confidence in taking the plunge to try something different;

9 including in the Inspiring Science Education portal popular communication and social networking
tools, proven to be popular with females;

1 ensuring that all dissemination materials have positive images and are not exclusively male
dominated and unimaginative;

91 integrating awareness of gender bias in the teacher training activities i challenging often
unconscious barriers in attitude and language;

9 including advice on tackling gender issues in the roadmap for development of outreach and
awareness activities.

1 By empowering science teachers to affect change.

None of the above actions can be accomplished without the full collaboration and engagement of teachers

and their schools. The proje c t has offered opportunities for teacher
occasions to interact with working scientists, science contests, workshops, international summer schools and

training seminars to help them to introduce online labs in their science classroom, and more generally think

di fferently about their studentsdéd | earning of and abou
and applications, along with a detailed school-based framework for their effective introduction in the school

practice (the Inspiring Science Education Inquiry Learning Spaces), the Inspiring Science Education

approach empowers teachers not only to change their teaching practice and introduce contemporary

scientific issues in their lessons, but also to propose and initiate the necessary changes in their schools, to

allow for a more seamless introduction of ICT-based innovations.

Moreover, the teachers who participated in the project became curriculum developers themselves (more than
6000 Educational Scenarios and Activities were developed and contributed by teachers who participated to
the Inspiring Science Education workshops and training activities), validating thus the proposed approach

and methods. According to the National Science Education Standards (NRC, 1996“) ithe <chall en
professional development for teachers of science is to create optimal collaborative learning situations in
which the best sources of expertise are |inked with th

Inspiring Science Education approach addresses this challenge by its mere composition and furthermore
contributed in tackling it explicitly in its project outcomes.

! National Research Council (1996). National Science Education Standards. Retrieved November 1, 2010
from: http://www.nap.edu/catalog.php?record id=4962
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1.3 To foster a culture of cooperation between research infrastructures outreach groups,
online labs providers and schools

The Inspiring Science Education approach (see Figure 1) was accelerated by the following coordinated
actions:

By demonstrating an effective co-operation scheme between outreach groups and schools

By spreading the use of existing effective outreach mechanisms and educational good practices between
major research infrastructures, universities and online labs providers (including commercial partners) the
Inspiring Science Education project in its mere inception provides a model of effective co-operation between
online labs providers and school communities. The Inspiring Science Education initiative has created a pool
of 400 online labs which cover the entire STEM spectrum. In addition, the online labs of the Inspiring Science
Education inventory target a wider range of ages than originally anticipated covering students from 6 to 18
years old. This is a unique achievement thank to the effective cooperation of different actors, research
infrastructures, universities and online lab providers. The Inspiring Science Education consortium has
brought together key players in different fields like Particle Physics, Astronomy, Space, Electrical
Engineering, that have invested major efforts to introduce frontier research issues into the schools
classrooms in Europe and beyond. The project has created virtual learning communities of educators,
students and researchers and has involved them in extended episodes of playful learning in the framework
of the implementation of the Inquiry Learning Spaces in more than 1000 schools in Europe. Being part of a
professional network encouraged interaction and provided them with opportunities to enrich their practices
and professional context through cooperation within and between schools, universities, and frontier research
institutions, collaborative reflection, development and evaluation of instruction, exchange of ideas, materials
and experiences, quality development, cooperation between teachers, students and researchers and support
and stimulation from research. The development of such a community consists a major parameter of
success of the coordination action. For example the teams working in the area of High Energy Physics
Outreach programmes gain significant experience in communicating scientific ideas by sharing ideas and
practices with the Galileo Teacher Training Programme team that is very efficient in developing self-
sustained teachers communities across the world.

Fostering a network

We will try to cascade the Inspiring Science Education ideas in the Greece following a model similar to
the Galileo Teachers Training Program (GTTP) but on a smaller scale i.e. train a few lead teachers;
give then certificates and encourage these teachers to become ambassadors by training others within
their school or school partnerships. This will be kick-started by our Teaching Fellows, who having used
already Inspiring Science Education materials in the classroom, will be effectively our first
ambassadors.

IASA Team Report, August 2016

Working in an open fashion is something that researchers themselves can be encouraged to learn, taking
into account that in many cases the research groups are coming from competing experiments (e.g. the
research efforts of ATLAS and CMS experiments focusing in similar research areas for the discovery of
Higgs). Learning how to work together, in areas where there is no competition but common targets, has
helped the Inspiring Science Education online labs providers to become more effective members of the
emergent educational community. Sharing certain types of research data is not always possible, but
research collaboration need not necessarily be understood only in terms of sharing data.

In fact clarifying the distinction between sharing research data and sharing research infrastructure is a good
way of assessing the levels on which various research communities are prepared to collaborate. By
encountering common problems in the early stages of using shared resources, disparate research teams
have the opportunity to talk to each other. This can pave the way to previously inconceivable forms of
research collaboration.
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By developing a common framework for effective outreach activities

The Inspiring Science Education partners have worked together to develop a common framework for the
design and development of a series of Inquiry Learning Spaces that demonstrate the effective introduction of
a variety of online labs in schools. The current document describes a series of recommendations and
support functions that the online labs providers have to deploy for the long-term impact of the proposed
activities to be safeguarded. Such support actions could include support for: the integration and coordination
of educational and outreach activities between groups across different research institutions; the science
community and scientists interested in educational and outreach activities; the education communities
interested in scientific content and applications; special events and activities that provide means and tools for
web-based communication and collaboration. The proposed framework provides a useful reference for
helping educators and outreach groups in the science education community articulate learning outcomes as
they develop programs, activities, and events, and further explore and exploit the unique benefits of
introducing online labs in schools.

1.4 To optimise the educational use of online labs and tools in schools

In an era of increased public accountability, the use of existing research infrastructures by a broader set of
actors, expands their benefits to the wider public, including policy makers, and thus optimizes their use and
justifies the public nature of their investment. Emerging technology-enhanced learning applications (e.g.
media- and process-rich virtual classrooms and immersive collaborative learning spaces, in which learners
and teachers participate in, and co-construct virtual worlds, use advanced visualizations and 3D interactive
models, or interact with simulations and virtual experiments) require a powerful technological infrastructure
able to support such advanced learning and teaching approaches, as well as seeking new ways of
increasing their computational resources by means of individual ones of their integrands. At the same time,
although the participation of all educational institutions and learning actors in this new culture is wished and
encouraged, a large proportion of Europe's educational communities still have far less than the required
computational resources at their disposal.

eLearning systems using client-server, peer-to-peer or web services-based architectures have been
developed. Some of the limitations of such systems are scalability, distribution of computing power and
storage capabilities. It is also well known that collaborative learning enhancement and efficiency can be
achieved through intelligent knowledge management, adaptation, personalisation and support provided to all
parties involved in the learning process. In this framework the Inspiring Science Education project has
managed to demonstrate a) the effective use of resources for the teachers need to scale-up to full
classrooms for creating science sessions which incorporate access to a rich collection of online labs,
research infrastructures, scientist collaborations and ICT support infrastructures and b) the benefits from
introducing inquiry learning and experimentation in every European school. The project work offers a series
of recommendations for the provision of online labs and tools better tailored to the needs of the educational
communities, supporting innovation and efficiency in the scientific discovery process. We hope that these
findings and the recommendations will increase the potential for online labs usage by the school
communities.
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2 DEVELOPING AN ENGAGIN G SCIENCE CLASSROOM

Science programs that reinforce the cooperation of leading researchers provide a solid framework to bringing
new instruments and opportunities into modern education thereby providing learners with better opportunities
to build their knowledge for the future. Science programs provide an appropriate framework to reinforce a
participatory learning approach and to develop instruments for the authentic assessment in science
education at all levels.

Education Impact Insight*

The publication of the "Science Education Now: A renewed Pedagogy for the Future of Europe" report
(Rocard, 2007)™ brought science and mathematics education to the top of educational goals of the member
states (following similar actions in US in 1996 NRC, 1996, EDC Center for Science Education, 2007"°). The
authors argue that school science teaching needs to become more engaging, based on inquiry based and
problem solving methods and designed to meet the interests of young people. According to the report, the
origins of the alarming declinei n young peoplebds interest for ke
can be found, among other causes, in the old fashioned way science is taught at schools. The crucial
role that positive contacts with science at a younger age have in the subsequent formation of attitudes
toward science has been emphasised in many studies (e.g. PISA, 2014)16. However, traditional formal
science education too often fails to foster thes
attitudes towards learning science. Also, as Kinchin (2004)"" has pointed out, the tension created between
objectivism (the objective teacher-centered pedagogy) and constructivism (the constructive and student-
centered pedagogy) represents a crucial classroom issue influencing teaching and learning. The TIMSS
(Third International Mathematics and Science Study) 2003 International Science Report (Martin et al.,
2004)"® specifically documented that the three activities accounting for 57 percent of class time were: teacher
lecture (24%), teacher-guided student practice (19%), and students working on problems on their own (14%)
in science classes in the European countries participating in the study. Furthermore the recent TALIS
(Teaching and Learning International Study) results (TALIS, 2014)19 demonstrate that the current science
classroom learning environment is dominated by traditional pedagogies that are not able to support the
introduction of the scientific methodology (see Figure 3 below).

12 http://www.educationimpact.net/Pages/default.aspx

¥ Rocard M. et al, EC High Level Group on Science Education (2007). Science Education NOW: A Renewed
Pedagogy for the Future of Europe, ISBN 978-92-79-05659-8.

4 Committee on Science Learning, Kindergarten through Eighth Grade, Richard A. Duschl, Heidi
A.Schweingruber, and Andrew W. Shouse, Editors: Taking Science Back to School: Learning and
Teaching Science in Grades K-8.

'* Education Development Center (EDC), Center for Science Education (2007). Publications and Other
Resources Resulting from a Synthesis of Research on the Impact of Inquiry Science Instruction,
Retrived September 11, 2010 from: http://cse.edc.org/products/inquirysynth/default.asp

'® PISA 2012 Results: What Students Know and Can Do (Volume I, Revised edition, February 2014) Student
Performance in Mathematics, Reading and Science DOI:10.1787/9789264208780-en

7 Kinchin, 1. M. (2004). Investigating students' beliefs about their preferred role as learners. Educational
Research, 46 (3), 301-312.

'8 Martin, M. O., Mullis, I. V. S., Gonzalez, E. J., & Chrostowski, S. J. (2004). TIMSS 2003 International
science report. Boston, MA: TIMSS & PIRLS International Study Center, Lynch School of Education,
Boston College.

¥ TALIS 2013 Results. An International Perspective on Teaching and Learning.
DOI:10.1787/9789264196261-en
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Teaching practices

Percentage of lower secondary education teachers who report using the following teaching practices'

W n all or nearly all lessons B Frequently [ Occasionally 0 Never or almost never

Present a summary of recently learned content

Check students’ exercise books or homework

Refer to a problem from everyday life or work
to demonstrate why new knowledge is useful

Let students practice similar tasks until teacher knows
that every student has understood the subject matter

Students work in small groups to come up
with a joint solution to a problem or task

Give different work to the students who have difficulties
learning and/or to those who can advance faster

Students use ICT for projects or class work

Students work on projects that require
at least one week to complete

0 10 20 0 10 50 60 70 30 9% 100 %

hers and refer tc hosen class the rrently teach from their weekly timetable.

ased on the f fower secos ation teachers who use the following teaching practices “irequently

Source: OECD, TALIS 2 tabase, Tables 6.1 and 6.1.Web.
Statlink BOW hutp://dx.dol .oTa/10,1787/88653 3041934

Figure 3: Recent TALIS results on small usage of inquiry and problem solving methods

Although significant investments (both at National and EU level) have been made to support the introduction
of innovative approaches in science education the classroom practices remaining the same. The recent
TALIS results demonstrate that innovative approaches based on inquiry and problem solving methods are
used in a small number of classrooms.

The fact is that there is a major mismatch between opportunity and action in most education systems today.
This revolves around the meaning of "science education,” a term that is often misappropriated in the current
school practice, where rather than learning how to think scientifically, students are generally being
told about science and asked to remember facts (Alberts, 2009)20. This disturbing situation must be
corrected if science education is to have any hope of taking its proper place as an essential part of the
education of students everywhere. However, school practices have not changed in ways that reflect this
progress. Moreover, modern technologies (e.g. use of social networking tools, remote and virtual labs,
advanced visualizations, simulations, virtual worlds and shared collaborative environments), which go
beyond the use of simple applications and the internet have not been fully integrated/incorporated in the
current science learning environment. According to the recent work performed in the framework of the large
scale initiative PATHWAY (Sotiriou & Bogner, 2011)21 the deeper problem in science education is one of
fundamental purpose. Schools, the authors argue, have never provided a satisfactory education in sciences
for the majority. Now the evidence is that it is failing even in its original purpose, to provide a route into
science for future scientists. The challenge therefore, is to re-imagine science education: to consider
how it can be made fit for the modern world and how it can meet the needs of all students; those who
will go on to work in scientific and technical subjects, and those who will not.

In our view the science classroom should provide more challenging, authentic and higher-order learning
experiences, more opportunities for students to participate in scientific practices and tasks, using the
discourse of science and working with scientific representations and tools. It should enrich and transform the

studentsé concepts and initial i deasierstwhnmemingideasuThed wor k

science classrooms houl d of fer opportunities for teaching
should provide continuous measures of competence, integral to the learning process that can help teachers
work more effectively with individuals and leave a record of competence that is compelling to students.

*9 SCIENCE, VOL 323, 2 JANUARY 2009, www.sciencemag.org
% Sotiriou, S. and Bogner, F. (2011) Inspiring Science Learning: Designing the Science Classroom of the
Future, Adv. Sci. Lett. 4, 3304-3309.
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There are already numerous Inquiry Learning Spaces on the Inspiring Science Education portal that are
promoting the use of online labs in school classrooms. They demonstrate how students can access remote
research databases, use scientific instruments and data analysis tools, and advanced infrastructures in
innovative ways. This field has huge potential for engaging students in scientific inquiry and debate and thus

to contribute to the teaching of the skills necessary to participate in or follow public debates on scientific
issues.
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3 DEVELOPING A REPOSITORY OF ELEARNING TOOLS AND LABS FOR SCHOOL
PRACTICE

The Inspiring Science Education project set out to create a federation of online labs in order to make
available to schools tOhroughout Europe and beyond. To achieve that the Inspiring Science Education team
has implemented a three-stage deployment cycle by the end of which the Inspiring Science Education
inventory was populated with 150 eLearning tools and online labs which cover the entire STEM spectrum.
The online labs target a wider range of students' ages, from 6 to 18 years old. The aim of this section is not
to present the Inspiring Science Education inventory as this has been done in specific documents of the
Inspiring Science Education project. The aim of this section is to present the methodology that was adopted
in order to organise the contents of the inventory in a way that will support the effective integration of the
online labs to the school curriculum while at the same time will facilitate the easy retrieval of labs for the
development of educational scenarios and activities that can support the progressive development of
studentsoé knowl edge.

Defining a relevant set of big ideas and positioning the online labs on this set was a major pedagogical

innovation in Inspiring Science Education project. Furthermore, the inquiry learning spaces have been

developed in such a way that they are modular enough to be easily included, that they are adaptable so that

they can be adjusted to a certain extend to the curriculum, and that they are tagged with appropriate

metadata so that teachers can find the online labs that fit their needs. These actions were based on
curriculum and teachersd competences analysis that were
one overarching approach to ensure that inquiry learning spaces will find their way into curricula of different

countries. This will help teacher to place an online lab at the correct place in the curriculum.

3.1 Big ldeas of Science

There is growing evidence that inquiry learning and experimentation has a positive influence on attitudes to

science. However, it is optimistic to assume that change in pedagogy can be brought about without changing

content or the curriculum. Inquirydased teaching is demanding, both of
teaching and learning. Inquiryzased learning can lead to greater depth in understanding but as it takes more

time the corollary is that the breadth has to be reduced. To facilitate the effective introduction of labs in the

curriculum and to promote inquiry learning the Inspiring Science Education team has decided to organize the
contents of the inventory followi ng an i nnovative approach that is based
identifying big ideas in science is a natural, and indeed necessary, accompaniment to promoting inquiry-

based science education.

There have been many other attempts to set out big ideas in science, so it is fair to ask: why add to what is
already available? One reason is that none of the existing lists quite fits our purpose; Inspiring Science
Education has a very specific mission: To demonstrate that online labs can support inquiry learning in school
classrooms. Furthermore, ensuring that students are developing their understanding through inquiry
reinforces the necessity of identifying the course of cognitive progression.

The starting point of our wodekaswaisn tSeei efnRrei nkd ucl aetsi oann
Harlen et al. in 2010. The primary objective was to examine whether the set of the ten principles presented

could be used to organize the content of the Inspiring Science Education repository. To do that, we began by

mapping the science vocabulary used in the Inspiring Science Education repository that was developed

under the Open Discovery Project (ODS Project i D4.2) to the ten big ideas mentioned in the report. During

this process we found out that certain science terms were not fully covered by the current set ten ideas. To

this end, we decided to review several similar other sets from the bibliography (on science as a whole or on

each science discipline separately) aehd@heprodocedsstavasour oW
used so as to propose a new methodology for organizing online labs and inquiry activities in the framework

of the Inspiring Science Education project (Zervas, Kalamatianos, Tsourlidaki, Sotiriou & Sampson, 2014).
Based on the defini t i on wused, the term ABi g | de as-cutirfg sciuotifice nc e o
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concepts that describe the world around us and allow us to conceive the connection between different

natur al phenomenad (Zervas, KaSampsan 20B4nDiklee,et all, 80a4).r | i dak i ,
After the Big Ideas of Science set was adopted, we mapped it again towards the Inspiring Science Education
science vocabulary to make sure that it covered all science terms included. Once that was done we set out
to test its usability for organizing online labs and inquiry activities. The set was validated with 350 science
teachers to make sure that it can really facilitate the school based work. The initial and updated Inspiring
Science Educ atoifo nS crisgtiamge peéddnted an Table 1 below.
Tablel: The updated set of the Inspiring Science Educa
Initial Inspiring Science Education Updated Inspiring Science Education
ABig |l deas of Sci ABig |l deas of Sci e
1. Energy cannot be created or destroyed.
1. Energy cannot be created or destroyed. e | ‘ ¢ yf
It can only transform from one form to It can only transform rom one form to
another. The transformation of energy i";m%ther. Tne transfformatlon of energy can
can lead to a change of state or motion. ead to a change of state or motion. Energy
can also turn into mass and vice versa.
2. There are four fundamental | 2. There are four fundamental interactions/
interactions/forces in nature; gravitation, forces in nature.
electromagnetism, strong-nuclear and Gravitation,  electromagnetism,  strong-
weak nuclear. All phenomena are due to nuclear and weak nuclear. All phenomena
the presence of one or more of these are due to the presence of one or more of
interactions. Forces act on objects and these interactions. Forces act on objects
can act at a distance through a and can act at a distance through a
respective  physical field causing a respective physical field causing a change
change in motion or in the state of in motion or in the state of matter.
matter.
3. Earth is a very small part of the universe.
3. The Universe is comprised of billions of Thle _UmverSﬁ '? Cﬁ,mﬁ”sed of bl!llll_()ns 0;
galaxies each of which contains billions galaxies each of w '% cont|aun§ Ibl lons o
of stars and other celestial objects. Earth starsh (suns) ”and Otf er cel,- estia ObJeCJ.ESH
is a very small part of the Universe. Earth is sma part of a solar sys_tem wit
our Sun in its centre that in turn is a very
small part of the Universe.
4. All matter in the Universe is made of very
small particles.
4. All matter in the Universe is made of very 'tl)'hey are iE constan'; moti(()jn émd. the bonds
small particles. They are in constant etween them are formed by Interactions
motion and the bonds between them are Eetweerr: them. fEIerFentary partlcleg, as we
formed by interactions between them. U] orm ato!“”_s and atoms
form molecules. There is a finite number of
types of atoms in the universe which are the
elements of the periodic table.
5. In very small scales our world is subjected
to the laws of quantum mechanics.
5. All matter and radiation exhibit both wave All matter and radiation exhibit both wave
and particle properties. and particle properties. We cannot
simultaneously know the position and the
momentum of a particle.
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6. Evolution is the basis for both the unity of | 6. Evolution is the basis for both the unity of
life and the biodiversity of organisms life and the biodiversity of organisms (living
(living and extinct). Organisms pass on and extinct).
genetic information from one generation Organisms pass on genetic information
to another. from one generation to another.

7. Organisms are organized on a cellular | 7. Cells are the fundamental unit of life.
basis and require a supply of energy and They require a supply of energy and
materials. All life forms on our planet are materials. All life forms on our planet are
based on a common key component. based on this common key component.

8. Earth is a system of systems which
. : influences and is influenced by life on the

8. Earth is a system of systems which planet.
influences and is influenced by life on the . _ .
planet. The processes occurring within The processes occurring within this system
this system shapes the climate and the mfluence_ th‘? evolution of our planet,
surface of the planet. shapes its c_hmate and surface. The solar

system also influences Earth and life on the
planet.

The proposed organisation scheme was discussed with teachers and curriculum developers in many
countries across Europe. The feedback received (see Figure 5) was very positive, as 88% of the participants
believe that such a recommendation system could be useful or very useful for the development of an
inventory of online labs.

Overall,

Figure4:.Par ti ci pant so

Do you think that a recommendation system using the "Big
Ideas of Science" would be useful?

11%

0% 1%

64%

24%

1 (not useful at 2
all)

opi ni

teachersbo

3

(0]

4 5 (very useful)

n on the usefulness

of

a n s wisaussiona indicatectioamim ¢heirt egerydhy practiceg they

are not provided with the means that will allow them to collaborate effectively and be in position to work on

an interdisciplinary framework that allows them to make connections between science subjects and everyday
of

i fe.

Accor di to them,

ng

a

set of fi Bi deas

g |

the teachers can use in their class so as to communicate the matters under discussion in a more
constructive way thus allowing students to build upon existing knowledge and experience.

Finally, the stakeholdersé6é (policy makers and
interdisciplinary activities in a science curriculum can be very beneficial for student s . Il n a
|l deas of Scienced could play a significant ro

c
d
[

a
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could facilitate students in making stronger and deeper connections between facts, concept and phenomena
coming from the same or different science disciplines. However, the introduction of such an approach would
require properly designed materials for students and a training framework for teachers. Lastly, one important
observation coming from stakeholders is that the organi zati on of science con
Sciencedo that goes beyond curricula could be a wu
changes that occur in the science curricula of many countries.

3.2 Inspiring Science Education Federation of Online Tools and Labs

Inspiring Science Education supports these objectives through an open platform and its infrastructure that
allows the teachers to participate in a dynamically expanded collaborative network of
School/thematic/national communities, that are internally flexibly structured and organized based on the
activities and the content that each community implements/uses/publishes in open or private mode and also
to organize their groups or classrooms in terms of content, learning scenarios and tools. Using the
components that compose this environment the Schools are supported to build and organize their own
profile and workspace in the platform and thus

communities.

To advance this, Inspiring Science Education platform offers special mechanisms and authoring tools to
discover and re-use the available learning content and elLearning tools hosted in the Inspiring Science
Education repository in order to produce new learning scenarios and also a special delivery environment for
implementation, validation and assessment of/during the newly designed learning processes in and out of
the classroom.

The personalized access of these services and tools including also a set of Training Activities provided under
the online Inspiring Science Education Academy, is aligned and related to the thematic organization of the
communities and also the competence profile of the teachers that describes their levels of proficiency in its
different levels.

Current framework supports Inspiring Science Education Federation establishing all the specifications, tools,
infrastructure and applications to cover relevant interoperability, standardization and security issues
throughout the provided services and enhancement of communities respecting and following the policy and
IPR statements and specifications set by the providers of the content.

The framework supports:

9 Standardized description of content and tools using proper schemas of metadata

Standardized communication processes and workflows for the interaction and alignment of different
systems, tools and portals among them and with the communities

Layers of alignment and interaction for the different types of federated assets

1 Proper tools and applications merged i n a software fisuiteodo to
interaction

1 A stable and secure infrastructure to support online and offline alignment and interactions

Current document provides a detailed description of each one of these aspects, including the relevant
specifications, standards, methodologies and architectures.

suppo.
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Figure 5: Framework of the INSPIRING SCIENCE EDUCATION portal
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3.3 Authoring and Annotation Tools alignment

In the framework of the project the candidate tools to be aligned and adapted were classified along the
following three categories:

1 Category A - Tools for Authoring Pedagogical Scenarios and Lesson Plans: These tools are
used to author pedagogical scenarios and lesson plans. Some of them assume the use of specific
pedagogical approaches to scenario authoring reflecting the needs and the teaching practices of the
communities of teachers they are targeting. Others are more generic allowing the author to specify
templates reflecting specific pedagogical approaches and then use these templates to develop
specific scenarios.

1 Category B - Learning Environments: These are tools, including learning management systems
that provide eLearning services. These services range from services that enrich traditional courses
with digital learning materials to systems that support eLearning courses. Blended-learning support
systems are classified under this category as well. In many cases these tools offer certain
communication services such as forums, blogging, instant messaging and chat rooms. Moodle
installations are classified under this category.

i Category C - Front-end Tools to Content Repositories: This category refers to tools that provide
web-based front-ends to content repositories. These front-ends facilitate the creation of digital
identification keys (FRIDA and SKE) or provide metadata descriptions and/or packaging of content in
order to be shared and reused.

An important question that arose is how the tools under the above three categories would be aligned. To
address this issue, a flexible approach is established through Inspiring Science Education Federation
Framework, consisting of three levels of alignment. The purpose of this approach is to enable the
implementation of an alignment process that could start from a very simple alignment (entry-level) offered
through the harvesting process supported and going up to more elaborated alignment levels to finally offer
an alignment level where not only content but user communities as well are aligned between an external tool
and the Inspiring Science Education portal. In particular, the levels of alignment are the following:

1 Entry-level alignment: Some of the tools are accessing content repositories that are harvested by
Inspiring Science Education. In this case, the metadata created by the users of these tools are
aligned with the Inspiring Science Education standard repository through the regular harvesting
cycles. This provides a first level of alignment that ensures visibility of the resources under
consideration from the portal users. The harvesting process and all related work-flows for aligning
the metadata schemas used by the external repositories with the ODS Application Profile following a
standard Vocabulary (http://vocbank.opendiscoveryspace.eu/) are presented in following section.

1 Basic-level alignment i Exploiting portal search service: Furthermore, the Inspiring Science
Education portal offers a search service on top of the SOLR search engine to enable discovery of
resources that have their metadata stored at the Inspiring Science Education repository. This search
service is relevant for all external tools. In particular:

1. Category A tools could use the search service to discovery resources that are relevant for
pedagogical scenarios and lesson plans and store references to these resources (or the
resources themselves if the external content repositories storing theses resources permit
resource downloads and depending on access rights of the resources).

2. Category B tools could use the search service to identify resources relevant for supporting
specific learning processes including reuse of these resources by learners themselves.
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3. Category C tools could use the search service to identify resources for their further inclusion in
other repositories.

1 Medium-level alignment - External tools as content front-ends: In this case, the alignment
approach provides facilities to store metadata records to the Inspiring Science Education repository
directly. To do so, the user that wishes to publish metadata to Inspiring Science Education is
assumed to be a registered portal user and that he/she has authorized the external aligned tool to
access relevant Inspiring Science Education server resources (without sharing his/her credentials)
S0 as to make it possible for the external tool to send metadata records to Inspiring Science
Education repository for storage. These metadata records are linked with the Inspiring Science
Education account of the user that exploits this facility.

1 Higher-level alignment - External tools exploiting Inspiring Science Education communities:
A third case, representing a more tight type of alignment, is to allow external tools to make user
actions (e.g. creation of a new resource using an external tool) visible with the communities where a
user participates. This presumes the features described above to authorize external aligned tools to
access relevant Inspiring Science Education infrastructure resources on behalf of a registered user.
In this case the community portals are considered as providing a social network umbrella that is
updated according to user actions performed in external tools, relevant to the portal communities.
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Figure 6: Levels of alignment and interaction of external tools with Inspiring Science Education portal

3.4 elLearning Tools alignment

In order to ensure the proper collection of the essential information for all eLearning tools and resources for
the needs of the Inspiring Science Education Federation provides a corresponding template. The initial
template was formed based on the products of previous relative research along with the proper modifications
required to fit to the Inspiring Science Education necessities.

The following Figure 7 presents the scheme of the procedure for the integration of the tools and online labs
in the Inspiring Science Education Repository:
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Figure 7: Procedure for the integration of the tools and online labs in the ISE Repository

As essential parameters of the template stood, amongst others, information regarding the pedagogical
character of the eLearning tools and resources. Likewise, data concerning the technical features of the tools
and resources is requested in order to offer significant input to the technical team about their function.

The template was divided into four main parts:
1 The first one includes questions about the general characteristics of each eLearning tool
1 The second part includes question about the pedagogical characteristics of each eLearning Tool

1 The third which is the technical part that includes questions about the technical parameters of each
eLearning tool

1 The fourth part which involves the Big Ideas of Science and their connection with eLearning tools
and resources

If the pedagogical validation was successful, then the technical team was informed and they also validated
the technical metadata. Otherwise the pedagogical partner was informing the tool provider about the
changes needed to be made in order to host the suggested eLearning tool in the Inspiring Science Education
Inventory. Accordingly, has the technical team operated.

Once all metadata had been validated the elLearning tool was uploaded by the technical team and it was
available for the educational community to use it.
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3.5 General Information section

In that part generic information is asked by the tool providers such as the name of the eLearning tools, its
type according to the provided by the Inspiring Science Education Inventory and information about the
provider. The provider has to grant their permission whether they allow the publish o their contact details in
case a user need support. Then, the URL of the tool is asked and its logo. Special question are made
regarding the characteristics of the elLearning tool, such as its interface language, a description of its
functions and its primary aims.

The following Figure 8 presents the question of the form clarifying whether the tool providers allows the
publishing of their own contact details:

Does the provider approve of publishing the contact details provided above on the ISE repository?

Yes

Nl
NC

Figure 8: Question on publishing of contact details of the tool providers

The description and the primary aims are asked from the tool provider initially in English and then in the other
languages it is available. Therefore, this field is mandatory. Even if it is only available in language(s) other
than English, this part is always asked in English, so that it is easy for all users to understand the content of
each elLearning tool, since Inspiring Science Education Inventory support the international educational
community.

3.6 Pedagogical Information section

In this section of the form the questions are regarding pedagogical issues namely the didactical hours
needed in order to be used in class, the subject domain(s) it covers as it is presented in Figure 9, and the
age range it is addressed to. Later the questions are asking for more precise input such as the educational
objectives the elLearning tools covers and they are divided into the cognitive domain, the affective domain
and the psychomotor domain. In all cases so far the tool provider has to select among some suggested
answers. This has been very useful for both sides.

Pedagogical Information

Figure 9: Question of the form regarding the subject domain(s) the eLearning tools supports
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The following questions regard the inquiry cycle and the tools providers have to select which of the phases of
the cycle are embraced and why sub phases, also, are covered. The teacher competences needed for the
best use of the eLearning tool are also under question and the answers are based on the UNESCO ICT
Competency Framework for Teachers®”. Furthermore, there are two questions regarding the levels of
difficulty and interaction that the tool offers in class. Last, there are some questions regarding the possibility
of supporting students with learning difficulties and special needs. The publishing of a user manual is also
asked in order to add it on the Inspiring Science Education Inventory for the assistance of the users.

3.7 Technical Information section

This is the last part of the form that tool provider have to complete in order to suggest one tool in the
Inspiring Science Education Inventory. Especially, in this section the cooperation with the technical team has
been very close in order to meet their needs. Firstly, there is a questions about the operating system needed
for the best use of the eLearning tool and if there are any special plugins.

Copyright License

w

CC BY-SA - http.//creativecommoens crg/licenses/by-sa/3.0/

CC BY-NC - http.//creativecommons.org/licenses/by-nc/3.0/

CC BY-NC-SA - hitn.//creativecommons.org/licenses/by-nc-sa/2.0/
CC BY-ND - hitp://creativecommons.org/licenses/by-nd/2 0

C-ND http.//creativecommons.org/licenses/bv-nc-nd/1.0/

I
|
-

ww.anu.org/licenses/aplhtml

Figure 10: Question about the Copyright License

Also, there is a question examining the browser suggested to be used by the tool providers and if registration
is need for its use in educational environments. The following question is about the copyright license and the
tool providers have to select among a specific selection of choices set by the technical team, as it is shown in
Figure 10. The choices are based on the creative commons and there is a link for every selection in case the
tool provider needs further information for the options provided. The very last question is regarding the
possibility of a mobile friendly eLearning tool as teachers nowadays often prefer to work with their classes
using smartphones or tablets.

22 hitp://www.unesco.org/new/en/communication-and-information/resources/publications-and-
communication-materials/publications/full-list/unesco-ict-competency-framework-for-teachers/
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3.8 Big Ideas of Science section

In this part of the form, the tool provider has to select the Big Idea(s) of Science the suggested tool helps to
be communicated to the students.

The following Figure 11 presents the scheme displayed for the tool providers showing the value of continuity
of Big Ideas of Science in Inspiring Science Education Inventory among the eLearning tools:

sequence of eLearning

el i tools enables deepening
the continuity B the understanding of

a set of concepts

Use the Big Ideas of Science in order to
build a recommendation system
for related activities

CERN Land Hypatia

6-9,9-12 15-18

Figure 11: Value of continuity of Big Ideas of Science in Inspiring Science Education Inventory

The tool provider may select more than one as this can be a possibility. A major change compared to the
previous offline form is that now there is no question combining the big ideas with the age range, which
enables the proof of the continuity offered by Inspiring Science Education eLearning tools and consequently
the forming of the recommendation system offered based on this data.

Now, the data is obtained directly from the general information section that presumably must have already
been completed by the tool provider.

This presentation was distributed to the partners introducing the new way for adding eLearning tools in the
Inspiring Science Education Inventory.
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4 SUPPORTING TEACHERS TO USE ONLINE LABS IN THE CLASSROOM
4.1 Teachers Support

Inspiring Science Education has successfully identified unfulfilled professional development/support needs
and requests, defined the target users and final beneficiaries (students) and clearly identified the main
existing challenges. With this information in hand, a strategy and timeline had been developed in order to
achieve the proposed goals. In Inspiring Science Education this strategy has taking the form of engagement
and training activities, the construction of a support mechanism and a recognition system that will keep the
community of users engaged and motivated.

In our view there were two key points where we focused our full attention during Inspiring Science
Education:

1 Providing effective training on inquiry based methods and on the use of online labs: Albeit
very effective, inquiry-based methods in science education constitute a major paradigm shift for
teachers: they need to acquire new skills, abandon long standing practices and move away from
their professional i comf or t Ives o peecéived, orheal,risks. or e ex posi

1 Assisting behavioural change: Apart from their training, in order for teachers to introduce both
inquiry based methods and online labs into their everyday routine, they needed to perform a change
in behaviour and adapt a new culture and philosophy. In order for the Inspiring Science Education
approach to assist this change, we were introducing a solid theoretical framework and underline the
main actions that need to be taken.

Asking teachers to follow inquiry-based methods and using online labs in their everyday teaching practice
constitutes a major behavioural change and at the same a significant development opportunity for them. The
task at hand is to manage this change in a uniform way, allowing teachers to realize the potential of the
opportunity offered by the Inspiring Science Education project, take ownership of their contribution and
maximize the output for both the project and themselves. One of the ways to attain the goals of inquiry
learning is to treat teachers as equal partners in decision making. In other words, teachers have to play a
greater role in providing key leadership at all levels of the educational system. Leadership in the context of
science education was defined as the ability of a person to bring changes among teachers and teaching. The
"teacher as a leader” strategy can provide an effective mechanism for disseminating innovative instructional
strategies like inquiry based approaches from central to regional locations (e.g. national teacher centres to
regional centres, university-based programs to school-based programs).

In this approach the central algead esr sodf, tvwhhios hoepaed att h @ n
processes at the local level. This model has been used in networks involving national and regional teacher
centres. The leader teachers undertook a variety of regional activities, such as, guiding teachers in regional
centres or in schools, and providing guidance for both teams and individual teachers (Pratt, 2001). Pratt
(2001) suggested that that there are four basic skills relevant to effective leaders in science education
namely; (1) technical skills, (2) conceptual skills, (3) interpersonal skills, and (4) self-learning skills. Programs
for teachers-leaders are designed to help acquiring these skills and help them choose and/or design models
for programs they will run later with other teachers. The professional development program can also provide
the teachers with a framework for the initial preparation of tools necessary for running their own activities.
When teachers-leaders participate in PD programs that deal with innovation, as with other teachers they
experience the innovative strategy both as learners and as teachers, but in addition acquire guiding skills in
the particular area.
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Teachers as Inspiring Science Education ambassadors and multiplier actors: Panagiota Argiri
(Greece)

It is often the case that Inspiring Science Education teachers take up the initiative to become Inspiring
Science Education ambassadors and disseminate the use of the Inspiring Science Education
infrastructure to other teachers and other schools. One such teacher is Panagiota Argiri from Greece.
Panagiota has been using Inspiring Science Education for two years; she started by implementing
oher usersdé scenarios in her class and continued witt
is a mathematics teacher of secondary education, the topics of her scenarios vary from complex
physics scenarios to simple astronomy scenarios for young pupils. So far she has implemented eight
different scenarios with her students in the framework of after-school project-based activities while she
has also done seven more in-class implementations. In addition she has done 32 more
implementations in different Greek schools in collaboration with other teachers. In her first
implementations, scenarios would take 30 to 45 more minutes than expected but after a few times the
duration was as she had expected. So far she has presented her work in four different events and
conferences.

1 In all cases of such a professional development programme there is special emphasis on building a
network of the teachers that would form a community of practice. In a review paper (Emily Lawson
and Colin Price, 2003), McKinsey management experts identify four key prerequisites for
accelerating and establishing change in the school environment;

1 A purposeto believein:dal will change iif | believe | shoul dbo
for change is identifying a purpose to believe in. In our case, we must persuade teachers of the
importance of scientific literature in terms of social value, importance to their students and personal
achievement through learning and teaching these important subjects. We must carefully craft a
Afcamge storyo wunderlining the benefits that t he [
Furthermore, we must cultivate a sense of community, making the teacher feel part of a cohesive
multi-national team. This sense of belonging will prove very important for motivating teachers and
asking them to take then next, possibly fApainful 0 s

1 Reinforcement systems: Al wi l |l change i f | have something to
of view, changing is only possible if formal and informal conditioning mechanisms are in place.
These mechanisms can reinforce the new behaviour, penalize the old one or, preferably do both. In
our case, we can use informal reinforcement patterns in order to make teachers commit more to our
project. A short list of such methods could include competitions, challenges, promoting the best
teacher created project or lesson plan, offering e.g. the participation to a summer school as rewards.

1 The skills required for change: fil wi || changeti fskli |lHaswe tAhe hange
all the involved actors have the right set of skills. In the case of the Inspiring Science Education
project, we should make sure that our training program is designed in such a way that teachers
acquire all the skills they will need, both technical and pedagogical.

1 Consistent role models: Al wi l |l change if other people change
need to be established, acting as role models for the community of teachers. These very active and
competent teachers will be a proof of concept for their colleagues that the change is indeed feasible,
acceptable and beneficial for them. To achieve that we will have to identify the high flyers among the
participating teachers and pay special attention into motivating them, supporting and encouraging
them.

All four have specifically been addressed in each implementation phase of the Inspiring Science Education
project. Additionally, the consortium team has collaborated closely with teachers to develop a set of support
services which helped teachers to implement the necessary changes, to develop the diagnostics and
intervention skills necessary to best plan and then diffuse IBSE and the use of online labs in their own
contexts.
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The cascade effect - Teachers Training Teachers: From Ivo to Tsetsa, to Boryana (Bulgaria)

Tracing back the line of how teachers were first introduced to Inspiring Science Education can give us
some interesting insight that demonstrates the cascade effect that is present in some of the Inspiring
Science Education implementation countries. One such case is found in Bulgaria. Physics teacher Ivo
Jokin was first introduced to Inspiring Science Education in 2014 when he participated (and won) in
the first Inspiring Science Education contest and was invited to attend the second Inspiring Science
Education summer school. Since then, Ivo did not limit his Inspiring Science Education activities in
class. Instead he took up the initiative to introduce Inspiring Science Education to other Bulgarian
teachers. As a result many other Bulgarian teachers were involved in Inspiring Science Education and

Education in a workshop organized by Ivo and she decided to participate in the contest as well. In
2015, it was Tsetsabs turn to enter and win t hle
participate in the third Inspiring Science Education summer school. After her training in the summer
school, Tsetsa continued collaborating with Ivo and she also joined the initiative to organize additional
workshops in Bulgaria. In the third year of Inspiring Science Education, partners realized one more
training workshop in Bulgaria with the help of Ivo and Tsetsa at the beginning of April 2016. One of the
teachers participating in this workshop was Boryana Kujumdzhieva. Although the deadline of the
contest was a few weeks away, Boryana took an existing scenarios, adapted it to match the needs of
her students, and she used it as homework for them. She submitted the implementation she did to the
contest and won. In the next two months she created three scenarios of her own and also presented
the work she had done in the 2016 UNESCO International Workshop. Finally as a contest winner she
participated in a Inspiring Science Education summer school and plans to do at least 10
implementations in the coming year using Inspiring Science Education scenarios.

Moreover, within Inspiring Science Education we have developed an effective training approach that
provided the starting point for equipping teachers with the competences they need to act successfully as
change agents, developing a language/terminology necessary to describe the dynamics of change
processes, and making them able to recognize different forms of resistance and addressing it in their own

in next yearb6s contest. Tsetsa Hristova, was orne

of

I nsy

context. At the same ti me, it has provided a common |

schools, within and across national boundaries 1 engaging them in an ongoing exchange of experiences
across school, regions and countries.

4.2 Developing Communities of Practice

There are severe constrains that are being faced by educators while trying to introduce innovation in their
classrooms. Teachers have little time to explore new tools and new trends; they have in general dense and
extensive curricula to follow and the continuous pressure to prepare students for final exams. Our framework
has taken all these issues into account and was trying to find the best compromise between the possibilities
available in Inspiring Science Education and the existing constrains in the school context in order to meet
teacherés needs. Here we try to describe both the
contribution of Inspiring Science Education for the professional development of teachers (see Table 2
below).
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Table 2: The 5 pillars for the sustainability of Inspiring Science Education

Visionary
Workshops

Practice
Reflection
Workshops

Pilots

mailing list

Online Pilots
Activities cascade

In Table 2 we present the 5 pillars sustaining the construction of the Inspiring Science Education virtual
community and ensuring its continuation and sustainability:

1 Engagement Activities i A series of opportunities to engage schools and teachers on the use of
Inspiring Science Education. The main objective of this first pillar is to create awareness about the
existence of the project, to reflect with users on the usability of the overall structures, support the
adaptation/localization efforts and provide a sense of ownership and partnership to those piloting the
first stages of the construction of this community.

1 Training Activities 7 The virtual community of users is composed by those that are making
maximum use of the system. Training events are a core activity promoted and coordinated by the
project team and ensuring that teachers have the opportunity to explore the whole proposal and
benefit from immediate support coming from the Inspiring Science Education team and/or from pilot
teachers already proficient on the use of the project proposed methods and tools.

1 Support Activities i A strong help desk where teachers can find the necessary support for their
immediate questions or for long term implementation efforts is the heart of the sustainability of
Inspiring Science Education. To ensure that this mechanism is in place the project team has
developed a series of actions to create a support hub and a peer to peer support platform. Demo
activities and pilot days have been implemented to ensure the adaptation of specific needs and the
active collaboration of all stakeholders in the field.

The following Figure 12pr esents the fAHow to useo0 scheme olased
support environment that explains the basic scenarios of use of the Inspiring Science Education resources:
search resources and digital tools, use existing scenarios and lesson plans, modify and adapt existing
scenarios and lesson plans and to create new scenarios for classroom use.

The ISE Federation Page 35 of 80
15/09/2016 v.1.0

he

n



Inspiring Science Education

cip

Figure1l22The fAHow to useo s chasdseppatfenvirohneentl SE web

1 Recognition Activities-Cer t i fi cation and accreditation are

development. With this vision in mind Inspiring Science Education has started taking all necessary
steps to develop an efficient recognition mechanism that will validate the participation of all teachers
and eventually recognize their support according to the different levels of commitment.

1 Community Activities T This is the part that has ensured the effectiveness and will play a decisive
role in the future sustainability of the project. The size of the community and its level of engagement
are the best indicator of the success of Inspiring Science Education. The necessary mechanisms to
support the creation and continuation of this virtual community are the key aspects of this pillar.

4.3 Inspiring Science Education Teachers Academy: A Common Exploitation Plan for the
Inspiring Science Education National Coordinators

At the core of the Inspiring Science Education exploitation strategy is the Teachers Professional
Development Programme. The programme is focusing on school leaders, instructional leaders and
innovative teachers who are developing innovative scenarios and projects using Inspiring Science Education
tools and resources. Facilitating the Inspiring Science Education Support Mechanism (a series of
guidelines, manuals, videos, scenarios of practice, tools and show cases from the numerous Inspiring
Science Education schools) the programme can support participants to introduce innovative aspects in their
science classroom settings. The programme is offered by the Inspiring Science Education Academy
(ise.ea.gr) in the form of webinars, interactive online sessions, 2 to 6 day long courses and field visits and
observations in Inspiring Science Education schools all over Europe (currently more than 5,000 schools in 13
European countries).

pl ayo t hr chaget authoring éenterface and a community framework to disseminate best
practices and find mutual support. A modular approach and inquiry classroom scenarios promote a
seamless incorporation of eLearning tools into the classroom.

The full six-day course is offered to teachers since 2013 in Greece, in UK and in Spain with more than 200
teachers from 20 countries taking part so far. Shorter versions of the course have also been offered to

For teachers, Inspiring Science Education Summer Academy offers pedagogical i p | u g, shpar
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