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Executive Summary

CarboSchools

The data presented in this report was collectedpas of an evaluation of the
CarboSchools project. CarboSchools is a Europediabooation of nine research
institutes in seven countries and aims at implemgnénvironmental topics inside or
outside science classrooms which are closely cdeddo students’ everyday life. The
basic idea of CarboSchools is to promote directnpaships between secondary school
teachers and global change scientfstsyoung people to learn about climate change,
gain a positive experience of scientific reseanstl act locally to reduce emissions of
greenhouse gases. A total of about 2500 pupils t@@&thers and 220 scientists took part
in this experience from 2008 to 2010 with a greatety of approaches and projects of
all topics, ages, duration etc.

Objectives of the evaluation

The objectives of the evaluation study were readjzan in-depth external evaluation
measuring the improvement of student attitudes tdsvdifferent aspects of science and
climate change during participation in CarboSchoatgl evaluating the regional projects
on aspects like organization, difficulty, enjoymeahd impact. Further, we wanted to
know how projects like CarboSchools are integratetie school curriculum and in what
way teachers collaborate with scientists in thgguts.

Opinions of students

For measuring students’ opinions about the projéetsSelf Evaluation Tool (SET) was
developed and administered at the end of a projdw. outcomes of the evaluations
(n=1370) provide evidence for the success of Carbo8s. A large majority of the
students thought the project was well-organizefhyen the project very much, realized
that people can affect climate change thanks tgotbgect, and would like to work on
projects like CarboSchools more often. The actsitin which students have a more
active role (literature research, computer workpdsaon experiments, presentation by
students) are appreciated more than activitieshichvstudents have a more passive role
(frontal lectures, site visit, lab visit). Furthestudents like projects with an inquiry based
approach much better than projects with predefpreblems and experiments.

We found that girls score better on impacts and tthey have a slightly better overall
opinion on the project than boys, but boys had tikessble with difficulties of the project.
Younger students and volunteers have better omn@mmalmost all aspects than older
students and students who participated compulsdfyrther, students’ science
background is important: students with a positiegeersce background (high science
grades, much interest in science etc.) appredmetojects better than students with a
more negative science background.

Attitudes changes

For measuring changing attitudes we developed thirudes Questionnaire (AQ), which
is implemented before the project starts and ag#er the project ends. In this way we
can see whether attitudes towards science and ridnaey of climate change have



changed. The results show that students’ (n=41B)@s are already at a positive level
when they begin a project. Overall, younger stuslestudents with highly educated
parents, and students with high science gradesg doetter on the science related
attitudes than the other students.

However, CarboSchools is not able to enhance stsidatiitudes towards science and
climate change. In stead of enhancing studentsud#s, some science related attitudes
even slightly declined. The attitudes towards ctenahange and environmental
awareness stay at the same level during partioipati CarboSchools. The declining
science related attitudes are not what we expesigce students’ opinions are very
positive on the projects. It is important to realithat attitudes - measured by external
observers - and opinions on the projects - direetigressed by participants themselves -
are different categories, which do not necessaolyespond. It is possible that students
have positive opinions on the projects, but thairthtmages of science (i.e. their attitude
towards science) remain unchanged. An additioreae for finding no improvement of
attitudes is that the attitudes of participatingdsints were already at a high level before
the projects started; meaning that our studentpgadid not reflect average student
groups and leaving little chance for improvement.

We found no differences in attitudes changes ftfedint types of projects and activities.
A positive result is the increase of climate chakigewledge during the project. After the
projects students became more confident about ¢heiate change knowledge.

Relation with curriculum

The interviews with teachers (n=5) and regional rdoators (n=5) from different
countries have provided important information akibet relation of CarboSchools within
the school curriculum. Most projects are part sthool subject, and in some cases itis a
multidisciplinary project taking place throughobetcurriculum. The tasks of the teacher
in CarboSchools depend a lot on the teacher, lrutiswally supervision and guiding of
students and integrating the subject topic intoctimeiculum. The aim for participating in

a project from teachers’ perspective is diverséngla research project, making students
interested in science, and show students theyngpertant. Teachers experience several
problems when realizing a project in the curriculdime schedules of both students and
teachers, little support from administration, matien of students, money for trips, and
attitudes of colleagues.

Collaboration between schools and institutes

The contacts between schools and research inst¥aty considerably, ranging from no
contact between scientists and teachers (only @g B a real partnership without help
from the RC. In a few projects other actors are@ivwed in the collaboration, for example
the regional inspector. This depends on regiondl rational policy differences. Both

teachers and scientists are positive on the calfgiom. However, an important problem
in the collaboration is the little available timeszientists, while the collaboration can be
highly improved by more visits from the scientisdsthe school. Also little interest of

scientists may play a role. They do not see worlwith students as part of their job. The
RC’s are essential for the conductance of Carba@sho the schools. They intermediate
between the schools and the institutes.



Foreword

CarboSchools has been a complex project with @ laagiety of activities carried out at
nine locations in seven countries. CarboSchoolssliresearchers from several leading
carbon science laboratories in Europe with secgndahools. In these partnerships,
young Europeans conduct experiments on the imgagtenhouse gases and learn about
carbon cycle research and the reduction of emissiBaientists and teachers co-operate
over several months to give young people pracesglerience of research through true
investigations and interactions with real sciesti3the pupils also have the opportunity to
inform the wider community about climate changepbyducing a final output of articles,
exhibitions, conferences etc.

Right from the start of CarboSchools, our wish eéarh from our projects has been a
major consideration. Were outcomes as expected?déguarticipating actors experience
the projects? What were most important constraiMgfat do students think of our
projects? Can we influence students’ feelings towacience and climate change? How
can we improve our projects? So, CarboSchools tsonty aiming at implementing
projects as part of school practice, but also atuating their effects and identifying their
benefits.

In this report, we will describe how we addresdeské questions. We will show that not
every student thinks the same about the CarboSghpaobjects. Some important
differences in the students’ opinions will be expdéal. Moreover, we will give some
insights into their feelings about science and atenchange. Since it is well-known that
most teenage students have deep-rooted negatin®iapion science and school science,
we wished to see whether our projects could infteetihese opinions. We believe that
this evaluation can contribute to research in anttbescience teaching and in out-of-
school science learning, in the hope that our tesidn be used by those policymakers
and teachers interested in the setting up of a&gprtike CarboSchools.

Elma Dijkstra
Researcher CarboSchools
14 December 2010



1 Introduction

1.1 Low interests in science among young peopleEairopean concern

Europe has a serious problem in attracting youroplpeinto science studies. During the
last decades much research in science educatioshmaen that students’ interests in
school science and science careers is decliningiderably (e.g., European Commission
2004; Osborne & Collins 2001; Jenkins & Nelson 208yberg & Schreiner 2006;

OECD 2006). As can be seen in Figure 1, absolutebeus of science and technology
(S&T) university students across most OECD coustriecreased over 1993-2003
(OECD 2006). However, relative numbers of S&T sthudgFigure 2) as proportion of

the total student population has decreased dunmgame period.
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Figure 1: Average annual change of number of S&tletits (percentages) 1993-2003
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Figure 2: Average annual change of percentage df S&dents (percentages) 1993-2003

It is hypothesized that because of a stabilizabbstudent numbers accessing tertiary
education in some OECD countries, absolute numife®& T students will decrease in a



couple of years. Striking differences occur betweksctiplines. Decrease of student
numbers is most apparent in physics and mathematicome countries the proportion
of students in these disciplines was halved betw¥% and 2003. Life sciences and
engineering, by contrast, have a stable numbestudents.

Especially girls are underrepresented in S&T std@&rls increasingly choose an S&T

study, but their number is still lower than thatbalfys. Only life sciences is chosen more
by girls than by boys. The fact that girls are legsrested in most S&T studies is a well-
known and well-documented fact (e.g., Weinburgh5l9uropean Commission 2004;

Miller, Slawinski Blessing, & Schwartz 2006). TheslBvance of Science Education
(ROSE) studies, a survey conducted in twenty dewedp and developed countries

conducted by Sjgberg and Schreiner (2006), shownatdsthool science is less popular
among students than most other school subjectsthatdjirls like school science even

less than boys (see Figures 3 and 4).
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Figures 3 and 4: Average scores on two ROSE quess{ib= strongly disagree, 4= strongly agree;oyell
= girls, blue = boys)

Students’ low interests in science is cause foatgtencern to many European countries.
In the reportEurope needs More Scientidtem the European Commission (2004) the
concern is voiced that the knowledge economieschvheavily depend on science and
technology, will be in danger due to a decreasupply of scientists. In 2001 the number
of scientific researchers per 1000 of the workfomas 5.7 for the EU countries,
compared with a value of 9.14 for Japan and 8.0&he USA. In Europe, only Finland,
Sweden, and Norway reach that standard. Therefboeppe is not waiting for a
diminishing interest of students in science.



1.2 Authentic science education: the solution?

What mechanisms cause such a low and even fallitegeist in school science and
science careers? Researchers often point to theswagice is taught in schools (e.qg.,
Braund & Reiss 2006; Van Langen 2005; European Casiom 2007). School science is
all too often not sufficiently appealing, experiedcas boring, irrelevant, and outdated;
designed only to educate a minority of future sists, rather than equipping the
majority with the scientific understanding, reasapiand literacy they require to engage
as citizens in the twenty-first century. Furthegieace education does not connect with
students’ interests and experiences (Goodrum, hecld Rennie 2001). Overall, it
seems that school science is not as interestingdést students as required.

A sharp contrast occurs between school sciencesaiedce experiences outside school,
which are often seen by students as exciting, ehgihg, and uplifting (Braund & Reiss
2006). A study by Cerini, Murray, and Reiss (2088pwed that “going on a science trip
or excursion” was top rated as the most enjoyabdy wf learning over ten other
strategies for learning science. Therefore, Braand Reiss (2006) argue for a more
authentic science curriculum in which out-of-scheaknce learning is integrated. Such a
curriculum can contribute to the learning of sceemc several ways (Braund & Reiss
2006):

- It improves the development and integration of emts.

- Further, extended and authentic practical workassgble, which gives students
the opportunity to engage in activity that wouldt i@ possible in the normal
school laboratory. The access to less accessiltierialaand to ‘big’ science, like
radio-telescopes or climate research equipment,dirast implications for the
pedagogy and learning in science.

In this way out-of-school science is more autherdi it provides experiences that are
more in line with the sorts of activities that sttists and technologists do in the real
world of science; moreover, such experiences irclsidident-directed tasks and more
open-ended inquiries (Bencze & Hodson 1999).

In addition to these direct implications, such &iculum has two implications which are
concerned with wider dimensions of learning:

- Students’ attitudes towards school science are tealte stimulated for further
learning by out-of-school science learning thatingegrated within a more
authentic science curriculum (Braund & Reiss 20QBjfortunately, the research
literature falls short when it comes to the questald how authentic science
experiences may mediate students’ attitudes towsm@snce and scientific career
choices (Van Eijck & Roth 2009).

- Finally, we should not forget the social implicat$o of authentic science
education. Collaborative work and responsibility lEarning are the main ways to
influence students’ learning. Authentic sciencecation creates opportunities for
pupils to take responsibility for themselves andeot by working in teams and
for active consideration of the environment (BradnBeiss 2006).



In sum, a more authentic science curriculum in Wioat-of-school science learning is
integrated offers opportunities for improving stat social skills and attitudes towards
science and a career in science.

1.3 Girls are more attracted to authentic sciencedeication

The way science is taught at school is also agsacigith gender differences in science
interest. Authentic science education seems tchaaare of girls’ interest than regular
science education. Van Langen (2005) points t@dfices in learning styles of boys and
girls. It seems that girls flourish in a cooperatilearning environment. The usual
instruction in mathematics and science, in conttgpically fits the competitive lifestyle
of boys and may therefore explain gender differennesubject enrolment. Girls like a
more connected, rather than distanced, way of ilegrand focus on the group process
more than on the subject matter itself (Volman &nVRck, 2001). So, the same
classroom may be experienced very differently bystemd girls.

Furthermore, girls tend to prefer subject mattervibich they can see social relevance
and/or applicability to their daily lives (Van Lamg 2005). In a study regarding gender
differences in secondary school students’ viewsiaboience (Miller, Slawinski Blessing,
& Schwartz 2006), it turned out that female studemére more people-oriented in their
interests than males were. They tended to selpetaple-oriented’ major, and they often
explained their choice of this major or other mgjancluding science, in terms of their
desire to help other people or animals. Abovesaience in school fails to address issues
of interest to most girls (Thom 2001; MiddlecampS&bramariam 1999), like showing
the relevance of science to everyday life suchhesnestry in the home; ecology in the
community park; or the consequences of climate gaan

Other factors pointed out by Miller, Slawinski Bsgsg, and Schwartz (2006) related to
females’ interest in science are that many girlgehaegative views of scientists, have
few positive female role models in the sciencesb@a & Glynn 2007), and do not
perceive science as a profession that combineswitéliraising a family and establishing
other social relations. In conclusion, gender défees in science interest are at least in
part explained by curriculum-related factors.

1.4 CarboSchools

In order to give students an authentic science rexpee and to enhance students’
attitudes towards both science and climate changdcusopean project called

CarboSchools was established in 2006. The datemessin this report was collected as
part of an evaluation of the CarboSchools proj€etrboSchools aims at implementing
environmental topics inside or outside sciencesctasns which are closely connected to
boys’ and girls’ everyday life. CarboSchools stdrite March 2005 as a call launched by
a group of scientists and educators gathered m&@airoix (France) by CarboEurope and
CarboOcean, two leading EU research projects imgastg the carbon cycle on land and
ocean respectively, who felt that “they not onlyéa contractual, but a moral obligation
to contribute the results of this research to thélip discussion on global change”.



Following this call, a growing number of school jeas flourished in several of the ca.
100 research institutes involved, leading to insgipresentations during annual science
meetings. In 2007, a field-tested concept, a fedt of resources and an enthusiastic
human network gave confidence and institutionalpsupto submit a more ambitious
proposal to the Science in Society programme of Bhe From 2008 to 2010, nine
institutes joined this initiative to ,make scienlearning more engaging and challenging
for young people as future workers, consumers atizewns”, and in response to the
growing decrease in the number of pupils choosoignsific studies. The participating
institutes are listed in table 1.1. More informatan be found in Appendix 5.

Table 1.1: Participating research institutes inb@&chools

Research Institute Region Country
Max-Planck-Institut fir Biogeochemie Jena Germany
Teacher Scientist Network Norwich United Kingdom
Rijksuniversiteit Groningen Groningen The Netherlands
Leibniz-Institut fir Meereswissenschaften an deiversitat Kiel Kiel Germany
Commissariat a I'Energie Atomique Gif-sur-Yvette amce
Universitetet i Bergen, Geophysical Institute, Rjegs Centre for Bergen Norway
Climate Research

Institut National de la Recherche Agronomique Banak France
Consiglio Nazionale delle Ricerche - Istituto doBieteorologia Florence Italy
Fundacié Parc Cientific de Barcelona Barcelona irSpa

The basic idea of CarboSchools is to promote dipagstnerships between secondary
school teachers and global change scienfmtsyoung people to learn about climate
change, gain a positive experience of scientifiseaech and act locally to reduce
emissions of greenhouse gases. The two main goal$)do stimulate students’ interest
for science & scientific studies and (ii) to equigem with basic understanding of this
major scientific challenge and its interaction wgbciety. The strength of partnership
projects is that pupils get involved in a processraseveral weeks or months, or even
years, built on a direct relationship between d@&nand teachers to enable them to gain
practical experience of research. The stakes hreraalonger only to inform or transfer
knowledge, but also to encourage questioning anyongg people and to increase their
desire for understanding and their will to builduture which will enable us to manage
the challenge of global change.

Partnership projects can feature different acasitisuch as real-time experiments (in the
lab or field, or at school), site visits, lecturedgbates, access to research results,
communication by e-mail etc. A final output, suck an article, an exhibition, a
conference, a webpage, a set of measurements amdirtterpretation, concludes the
students’ work by sharing the findings with a widmrdience (parents, friends, local
community, city...). Thus, in contrast to many climathange education projects
essentially based on delivering information via theernet, CarboSchools is first and
foremost based on human contact and on placingit§@eissues in their wider social
and citizenship context. Young people are overwkdlwith information about climate
change, but not with offers of meaningful actistim their school education, or with
personal connections with real scientists workimgaotopic which remains fascinating
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and tremendously concerning, and graphically itatss first-hand the uncertainty of
science.

School science is often perceived as boring, thieatedisconnected from social issues
and real life and not related to real science. @&echange research, on the other hand, is
highly international, systemic, interdisciplinarypdafull of unknowns investigated by
passionate people in often remote, exotic areasflitences decision-making more and
more at every political and economical level, diseampacting everyone's daily life; it
is exceptionally popular as a science topic in phess and television. Based on this
contrast CarboSchools connects school educatidnawithentic scientific learning based
upon:

- questioning and experimenting rather than onstratting pure knowledge,

- addressing a complex issue that affects all ciety,

- developing close personal contact with reseascherdiscover how they work to
challenge the stereotype and see scientists apaeple.

Although the projects are very diverse within theenregions, we will indicate some
common characteristics that make it an autheniense project.

First, one or more researchers from a carbon agslearch institute are involved in each
regional project. Several types of engagement assiple. The role of the researcher
varies from developing educational materials, givonesentations for students at school,
to supervising students during the project. Thetneaships also aim at establishing
cooperation of scientists with science teachertjoabh the interpretation of these
partnerships varies between regional projects.

Second, all project topics concern the carbon cybel climate change or other
consequences of rising G@oncentrations. Examples of regional projects aceusse in

the Norwegian fjords to measure @Oncentrations in the water at different places and
times of the year, or measurements of,@@sumption in a box with plants to show the
relation between Cfevels and plant growth.

The SchoolCO2 web hitp://www.carboeurope.org/education/schoolsweb.plgp an
important feature for a large part of the regigmaljects. Schools have a @@eter and a
weather station on their roofs and send the data ¢entral database. Data is publicly
accessible, can be displayed in a graph or spreatsind can be used for educational
and scientific purposes. At the moment approxinyat@ schools in 5 different countries
are connected to the SchoolC@eb. This emphasizes the international nature of
greenhouse gas science and opens up possibibtigsdject cooperation between pupils
from different countries.

In addition, project topics are linked to the reshataking place at each carbon cycle
research institute. Scientists expect that residilsome projects can be used for research
aims, in particular results from the SchoolG@eb.



Finally, the projects make use to a greater orelesxtent of inquiry-based learning.
Essentially, inquiry-based learning engages stisdennvestigations to satisfy curiosities
(National Research Council 1996, 2000). One impbeais that regional projects begin
or at least involve stimulating curiosity or prowad wonder.

A total of about 2500 pupils, 230 teachers and &d6ntists took part in this experience
from 2008 to 2010 with a great variety of approached projects of all topics, ages,
duration etc.

1.5 Research Questions

A lot of effort has been put on the popularisatadrscience by national, European and
even world-wide programmes. Most of these progragm@ien at influencing public
understanding and the image of science, and -cp&tly to young children and school
students - influencing images of science, providirfgrmation on the work of scientists
and to promote career choices in science and té&mgyoHowever, there is not much
research on the effects of these programmes arfddtws which are most critical.
CarboSchools will give insight into the effectsloal initiatives on students' images of
science and their ideas about what scientists doatse of the international character of
the project, comparisons can be made between dlifestrategies and the influence of
context-dependent (activities in the project, relatvith the curriculum etc.) and context-
independent variables (gender, age etc.).

Our objectives were realizing an in-depth extereghluation measuring the level of
educational effectiveness of the various regionajgets that will be activated in
different countries (impact on teaching practicesp students’ learning and
representations) and providing project participanmith evaluation tools that they can
then use in an autonomous way. Our main researestigns are:

1. What are secondary school students’ opinions otigpating in CarboSchools?

2. To what extent do students’ attitudes towards sei@nd climate change improve
during participation in CarboSchools?

3. How is CarboSchools integrated in the schools?

4. How do schools and research institutes collabonat€arboSchools?

Chapter 2 describes the evaluation of CarboSchpolnswering research question 1. A
literature review on authentic student inquiry plathis evaluation in a science education
context. The attitudes research and correspondisgarch question 2 is discussed in
Chapter 3. This chapter also includes a sectiotherdevelopment and validation of a
research instrument used to measure studentsudatittowards different aspects of
science and climate change. Chapter 4 addressesténeiews with different actors in
CarboSchools by answering research questions 3tahdchapter 5 our main findings
will be presented. The appendices include the tresdires, the evaluation of the Spring
School in Jena (April 2010), the Manual on the lempéntation of Questionnaires
(2009/2010), and an overview of all projects.
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2 Regional CarboSchools Projects: Evaluation Study

2.1 Introduction

The main objective of this part of the study isetealuate students’ opinions on the
regional projects they participated in. Accordinglipe main question that will be
addressed is.

- What are secondary school students’ opinions oti@pating in CarboSchools?
More specific research questions related to themaeéstion in this study are:

- What are the differences between boys and girsair opinions on participating
in CarboSchools?

- To what extent does science background influencelests’ opinions on
participating in CarboSchools?

- To what extent does the type of activities infleerstudents’ opinions on
participating in CarboSchools?

Because of the contextual nature of the projectgetdiversity (e.g., in topic, student age,
length of project) occurs between the regional goty. Therefore, we will try to take
both a look at the CarboSchools project as a whntkalso make comparisons between
projects. This study will be published in 2011 Bifa & Goedhart, 2011), so we refer to
that publication for further information.

2.2 Methodology

We designed a Self-Evaluation Tool (SET) that piedi important information for

regional coordinators on the benefits and diffieglt of each specific project and,
regarding CarboSchools, it gave valuable inforrmatia the question “What do students
think of our projects?”. Despite the variety in jecs, we developed just one
questionnaire for all projects, which can be foundppendix 1.

The questionnaire consists of three parts. Parbtains 12 questions concerning the
student’s background like age and gender. Alsaged is students’ science background:
science grades, interest in science, enjoymentciehee lessons, what they think of
scientists etc. Part B (14 questions) measuresstilngent’s opinions on the science
projects and also consists of closed questions-iterd Likert scales, with options
‘strongly disagree’, ‘disagree’, ‘agree’, and ‘sigbty agree’. The aspects measured in this
part of the questionnaire are: opinions on orgdiuaa appreciation, difficulty, and
impact of the regional projects. An example of @gjion in part BThe instructions for
the project were clearThe third part of the questionnaire, part C, cdssif 4 essay
questions. The regional coordinators can reorgatiigee questions according to their
specific projects. Items in this part may inclube students’ personal ideas on the project
etc. The answer to these questions may help thena@gcoordinator to improve the
project.



The questionnaire was translated into all nativegleages of the students (Norwegian,
Catalan, Italian, German, Dutch, French, and EhgliSET was implemented near the
end of a project, no later than one week afterldise activities. Additional information
about the projects (number of visits to the redearstitute, amount of time spent on the
projects by the students etc.) was provided byréiggonal coordinator. They were later
on by email asked to fill in a restricted choiceesionnaire about the type of activities in
the projects, topics, partnerships etc. The quesémes and cover pages were sent to the
researcher for analysis. Results were reportedeadgional coordinator, as feedback on
the conducted project.

Table 2.1: Evaluated CarboSchools projects 2008201

Projects 54

Students 1370

- Girls 722

- Boys 637

Student age 12 — 21 years (mean = 16.2)
Schools 60

Research Institutes 8

Countries 6

Time spent on project 1 — 100 hours per studenafne33)
Visits to the research institute 0 — 8 per pro{eatan = 1.0)
Scientists visits to school 0 — 20 per project (med.3)

As can be seen in table 2.1, we evaluated 54 pspje@t which a total number of 60

schools and 1370 students participated. The psogiffered in a variety of aspects, such
as the age of the students involved, and the numbdwours that they spent on the
projects. Both one hour experiments or presentatiom long-term intensive projects are
included in the evaluation. We found many differena the extent of the collaboration
between research institutes and schools: in thermagrity of cases students visited the
research institutes at least once, but in somescesasiderably more often; and on
average scientists visited the schools six timesppgect, but in some cases up to 20
times.

Further differences (not represented in table #Adal with topics, the nature of the
projects (open-ended research projects or morelatdized classroom experiments), and
how the projects were linked to the science culuitu

For answering the main questions we make use olyses in SPSS 16.0. In the
preliminary screening of the data, it turned ouwtthot all the assumptions for using
parametric statistical methods are met. The outcean@bles are measured on ordinal
level (no interval/ratio level). Furthermore, th@lKogorov-Smirnov test of Normality
showed the answers on all evaluation questionsABRZ-and B1-B14) are not normally
distributed (p<.01). Therefore, we used nonparaméssts such as the Chi square and
the Spearman rank order coefficient for correlaidfor differences between groups, we
used the Mann-Whitney U-test and the Kruskal Wéllitest.
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2.3 Results

First, we discuss the science background of thdesiis. Then we analyze students’
opinions on the projects (organization, enjoymeiffjculty, impact), and finally we
check to what extent students’ background variafdeseral and science background)
and project variables influence students’ opinionghe projects.

2.3.1 Students’ science backgrounds and opinionggional projects

Part A of the SET measures the science backgroutiet gtudents. Results are presented
in table 2.2. It seems that the students have diyg#mage of science. Most (at least
70%) of the students are interested in sciencecgpmionsider their grades for science
subjects as high, do a lot of science at schoal,dannot think that scientists are boring.
However, 43% of the students think that scientssts difficult to understand. In sum,
most students are positive about science and steirt general.

Table 2.2: Science background of students (n=1370)

Strongly  Disagree Agree Strongly

disagree agree

Question % % % %
1 My interest in science topics is low. 33 47 14 6
2 My grades for science subjects are high. 4 22 5222
3 We do a lot of science at school. 5 19 48 28
4 | like science lessons more than other lessogsheatol. 10 23 35 33
5 ltis difficult to understand scientists. 10 45 63 9
6 Most scientists are boring. 22 51 22 5

Part B of the SET invites students to indicategkient to which they agree with a series
of 14 statements about the project. The 14 statenaand students’ responses to them are
given in table 2.3.

The results show that our students are very pesabout participating in a CarboSchools
project. A large majority of the students thoudte project was well-organized, enjoyed
the project very much, realized that people caecafflimate change thanks to the project,
and would like to work on projects like CarboSchoolore often. Most students were
satisfied with the difficulty of the project, bubaut a fifth of the students thought that the
project was too difficult. Apparently, student apgation of teaching science in this way
is very high. The projects’ positive impacts ond&mt interest in a scientific career and
ideas on climate change are worth noticing, esppeat@nsidering the main aims of
CarboSchools. Nearly half of the students (46%)aded that the project made them
more interested in choosing a scientific career.

An inspection of Spearman’s rank order coefficiga} matrix of correlations between all
the items suggests a pattern of overall agreeridti.the exception of item 10 (which is
negatively phrased in comparison with all the atheall the responses to the statements
correlate positively.



Table 2.3: Students’ opinions on the regional gjén=1370)

Strongly Disagree Agree Strongly

disagree agree

Question % % % %
Organization

7  This project was well organized. 4 13 50 33

11 The instructions for the project were clear. 4 8 1 53 25

15 The supervisor's explanations helped me to statst 4 13 59 24
this project.

16 My overall opinion on this project is good. 2 10 53 35
Enjoyment

8 | enjoyed this project very much. 4 15 53 28

13 I would like to work on projects like this maréen. 7 21 47 25

14 | like learning science in this way. 4 13 46 37
Difficulty

10 This project was too difficult. 21 59 16 4

17 My knowledge was sufficient to understand thigexct. 4 22 49 25
Impact

9 |learned many new things from this project. 3 15 51 32

12 This project made me understand that climatengda4 11 42 43
studies are very important for human future.

18 | learned very much from the scientist(s) irs thioject. 3 17 53 27

19 This project made me realize that people caechtff4 15 44 38
climate change.

20 This project makes me more interested in chgosin 18 36 33 13

scientific career.

2.3.2 Student-dependent differences in opinionggional projects

We also wanted to know whether gender, age, scieackground, and being a volunteer
in the project would have an effect on opinionsisTerspective on students’ responses
to the statements is shown in table 2.4. By udmggnionparametric Mann Whitney’'s U-
test it is possible to make comparisons betweeporeses of two groups. The test is
carried out with gender as grouping variable areldpinion questions as test variables.
The first column in table 2.4 indicates the sigréfit effects for gender on opinions, and
the interpretation of the effects is shown forgihe results of the test carried out with
relation to curriculum (compulsory or voluntary) guping variable and the opinion
guestions as test variables are presented in sheddumn. We mention the significant
effects on opinions, and the interpretation of éffects is shown for voluntary students.
The second column concerns the effect of age oni@ys. This effect is measured by
using the Spearman rank order correlations ma®ixy the significant directions are
presented in the column. The correlations are densd as ‘small, because they were not
larger than .25. (p<.01). When a box is empty, gams we found no significant
differences or correlations for that particular sfien. For the complete tables 2.4, 2.5
and 2.6 including Z-values and significances, sppefdix 8.

There are some small significant gender differencestudents’ opinions. In particular,
girls think they learned slightly more new thingsr the projects than boys do (item 9).
Boys experience the projects as slightly lessdiffithan girls (10). The impact of the
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projects on the opinions on climate change is lamgigh girls than with boys. The

projects make girls more than boys understand ¢hatate change studies are very
important for human future (12). Finally, girls leaa slightly better overall opinion on
the project than boys (16).

Age of students seems an important factor thate®le opinions of students. The older
the students, the worse their opinions are on tiogeqts. This goes for all aspects:
organization, enjoyment, difficulty, and impact.

The students, who participated in the project vi@on score better on organization,
enjoyment, and impact of the projects than studetis participated compulsory. They
even score better on “This project makes me maerasted in choosing a scientific
career” (20). The volunteers also score lower dficdlty, indicating they experienced

the projects as less difficult than the compulsindents.

Table 2.4: Students’ opinions compared for studeatacteristics (n=1370)

Gender Age Relation
with
Curriculum
Question Girls Older Voluntary

(n=716) students (n=813)

Organization

7  This project was well organized. - +
11 The instructions for the project were clear. -
15 The supervisor's explanations helped me to statedt this - +
project.
16 My overall opinion on this project is good. + - +
Enjoyment
8 | enjoyed this project very much. + - +
13 1 would like to work on projects like this maséten. - +
14 | like learning science in this way. -
Difficulty
10 This project was too difficult. + -
17 My knowledge was sufficient to understand thigexct. - - -
Impact
9 | learned many new things from this project. + - +
12 This project made me understand that climateghatudies are  + - +

very important for human future.
18 | learned very much from the scientist(s) irs thioject. -

19 This project made me realize that people caectftlimate - +
change.

20 This project makes me more interested in chgosirscientific - +
career.

For assessing the effect of students’ science lvaakd on their opinions on the regional
projects Spearman rank order correlations are uBeel.correlation matrix is shown in

table 4 in Appendix 6. The matrix of the sciencelgaound items (questions 1 — 6, see
table 4) shows some expected correlations. A loense interest correlates negatively
with high science grades (rs = -.31, p<.01) andh \Wiing of science lessons over other
lessons at school (rs = -.45, p<.01). High sciegreeles correlate positively (rs = .42,
p<.01) with liking of science lessons over othesstins at school. Difficulties to



understand scientists correlate positively (rs3; pk.01) with the idea that scientists are
boring. Overall, students’ science background sderbg consistent in these items.

A few interesting correlations (p<.01) arise betweginions on the regional projects and
science background items. The idea that sciergistslifficult to understand (5), the idea
that most scientists are boring (6) and a low @gerin science topics (1) correlate
negatively with (nearly) all evaluation statemefitse minority of students scoring high
on these questions have negative opinions on thjeqtr Enjoyment of science lessons
over other lessons at school (4) correlates moelgréts = .43) with the idea that this
project made students feel more interested in ¢hgas scientific career (20). The other
correlations were neither significant nor of areettsize worth mentioning.

In sum, it seems that girls, volunteers, youngedestts, and students with a positive
science background evaluated the projects (in a) waye positively than the other
students. An interesting outcome is that studeritis & positive science background get
more interested in choosing a scientific careemkbdo the project.

2.3.3 Project-dependent differences in studentiopson regional projects

Diversity in regional projects is one of the costenes of CarboSchools. The results
confirm this diversity. By using Chi-square testsl &ruskal Wallis H tests it turns out
that students’ responses to all evaluation statesrdiffer significantly (p<.01) between
the 8 research institutes and between the 54 psojdhese results make clear the
students evaluate the projects of the several r@s@astitutes in a significantly different
way. Within research institutes the projects algf@idsignificantly (p<.05) on several of
the evaluation items. Further analysis made cleair time spent on the project, number
of visits to the institute, number of visits of theientists to the school, and the age of the
students are project-dependent. These variablés difynificantly (p<.001) between the
projects, which might be an explanation for théeddénces found between projects.

We wanted to know whether we could identify chaegstics of projects that are well

appreciated by students. Therefore, comparisomsapécts were done with independent
variables: the activities carried out in the prgje¢le topics of the project, the approach,
the relation between the curriculum and the projactl the group size. The opinions of
students were dependent variables. So in eaclopasions of students were compared
between projects with the characteristic and thmugrof students that did a project
without that characteristic. We measured if thadrahteristic has a significant (p<.05)
effect on the opinions had and what direction. Témults of the effect of activities on

opinions are presented in table 2.5.

From these results we see that the activities iichvBtudents have a more active role
(literature research, computer work, hands-on expts, presentation by students) are
appreciated better than activities in which stuslésave a more passive role. In particular,
literature research and presentations by studaois many positive effects on all aspects,
most on organization and impact of the project. Tinere passive activities (frontal

lectures, site visit, lab visit) have a negativepant on “This project makes me more
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interested in choosing a scientific career” (quasi0). The projects with a lot of contact
between scientist and students (site and lab @Bk as expected positive effects on “I
learned very much from the scientist(s) in thisjgeti (question 18). It seems that
computer work is not very much enjoyed by studemsause this activity has a negative
effect on both question 13 and 14.

Table 2.5: Students’ opinions compared for progtivities characteristics (n=1370)

Litera- Com- Fron- Hands Presen- Site Lab

ture puter tal on tation by visit  Visit
Search Work  Lec- Experi- students
tures  ments
Number of students 601 960 559 1145 665 581 103
Organization
7  This project was well organized. + + + +
11 The instructions for the project were clear. + +
15 The supervisor's explanations helped me to + +
understand this project.
16 My overall opinion on this project is good. + + + + +
Enjoyment
8 | enjoyed this project very much. + +
13 1 would like to work on projects like this - -
more ofter
14 I like learning science in this we + -
Difficulty
10 This project was too difficult. + + +
17 My knowledge was sufficient to understand +
this project.
Impact
9 Ilearned many new things from this proj + + +
12 This project made me understand that + - +

climate change studies are very important
for human future.

18 1 learned very much from the scientist(s) in + + + + +
this project.
19 This project made me realize that people + +

can affect climate change.
20 This project makes me more interested in - - - -
choosing a scientific career.

We also compared the effects of the different ®picthe projects on opinions. However,
the topics are very institute dependent, and thesethis comparison was not very
adequate for conclusions on topics. Another intergsomparison is the approach used
in the project, the group size, and the duratiorthef project. In table 2.6 results are
presented. The first column concerns the effectiwhtion of the project in hours on
opinions. This effect is measured by using the 8paa rank order correlations matrix.
Only the significant directions are presented i@ tblumn. The small correlations were
not larger than .15 (p<.05). The Mann Whitney’'sddttis carried out with approach
(predefined problems and experiments versus inqbaged science education) as
grouping variable and the opinion questions as vesiables. Inquiry based science
education is a teacher guided process where stdenistruct knowledge themselves,
which allows students to participate and experietiee excitement of an authentic
scientific inquiry. Moreover, this allows learndcsform questions and hypotheses, find
answers by planning investigations, make obsemstiperform experiments, use tools to



gather, analyze and interpret data, and do researderature that leads to conclusions

and new questions.

The second column in table 2.6 indicates the sigant effects of approach on opinions,

and the interpretation of the effects is shownifiquiry based science education (IBSE).

The results of the test carried out with group ¢&zeall groups versus whole classes) as
grouping variable and the opinion questions as ‘ashbles are presented in the last
column. We mention the significant effects on opits, and the interpretation of the

effects is shown for small groups.

Table 2.6: Students’ opinions compared for progasteral characteristics (n=1370)

Duration Approach Group

of the size
project
Question Longer IBSE Small
projects (n=871) groups
(n=59)
Organization
7  This project was well organized. +
11 The instructions for the project were clear. +
15 The supervisor's explanations helped me to stated this project. + +
16 My overall opinion on this project is good. + +
Enjoyment
8 | enjoyed this project very much. + +
13 |1 would like to work on projects like this maséten. + +
14 | like learning science in this way. +
Difficulty
10 This project was too difficult. + +
17 My knowledge was sufficient to understand thigjgrt. +
Impact
9 | learned many new things from this project. + +
12 This project made me understand that climateghatudies are + +
very important for human future.
18 | learned very much from the scientist(s) irs thioject. + +
19 This project made me realize that people cataffimate change. + +
20 This project makes me more interested in chgosinscientific +
career.

The results show that longer projects relate toenpmsitive opinions on all aspects, in
particular on impacts of the projects. Even morsitpe opinions are found when we
compare approaches of the projects. It seems tigaiiry based science education is
appreciated much more than predefined problemseapdriments. IBSE projects score
better on all questions. Further, we compared ptejthat worked with small groups of
students with projects that work with whole clas3&e found little differences; only “I
would like to work on projects like this more oftewas more positive answered by
students who worked in small groups.

In sum, it seems that the activities, in which stuid have a more active role, are
appreciated better by students. The same goe®iigel projects and projects with an
inquiry based science education approach.
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2.3.4 Differences between regions in students’iopgon regional projects

In table 2.7 in Appendix 7 we present the resuit8 mmportant questions of the SET for
each institute. It seems that the Dutch studenfweamted the projects least of all
students. They score lowest on almost all questidls® students from Bergen and Kiel
score low. Students from Jena, Barcelona, and Bordscore very high on all questions.
The students from Paris and Florence score in legtwmoth groups. A lot of these
regional differences can be explained by the abmemtioned student and project
variables. For example the students in Kiel andgBerwere relatively old (i.e. 19/20
year), which is a negative factor influencing opms on the project.

2.4 Conclusions

The study reported here provides evidence for tleeess of CarboSchools. Students
were positive on the organization, the difficultiie enjoyment, and the impact of the
projects. 46% of the students is more interested soience career thanks to the project.
However, we are not sure all students fully unaemtthis question (20). A large
majority of the students thought the project wad-axganized, enjoyed the project very
much, realized that people can affect climate chahgnks to the project, and would like
to work on projects like CarboSchools more oftent Be should be aware that the
teachers and regional coordinators made a preteelenf students and projects. They
had to decide whether the project was appropriatetife students, and whether the
students would show enough interest, enthusiasmwemdid have prior knowledge for
the tasks ahead. In some cases, students paifigpatCarboSchools were volunteers.
This means that our students were not chosen rdgdand that our findings do not
reflect opinions of “average students”. We canficonthis by looking at the positive
science background of the students. They are steten science subjects and have high
science grades.

Further, there are some differences between regiossudents’ opinions, but we can
explain these differences by other variables, #@meple students’ (science) background
and type of activities. We give a short overvieviled most important students-dependent
differences:

- Gender: girls have a slightly better overall opmian the project. Further, girls
experience the projects as more difficult than baysl impact on climate change
ideas is also larger with girls than with boys.

- Age: the older the students, the worse their opmiare on the projects, with
respect to all aspects.

- Being a volunteer: volunteers score better on argdion, enjoyment, and impact
of the project than students who participated cdsgoy.

- Science background: the more positive the sciersmkdround, the better the
opinions on the projects.

We also found many project-dependent differences:
- Activities in the project: the activities in whidtudents have a more active role
(literature research, computer work, hands-on expts, presentation by



students) are appreciated more than activities lrchvstudents have a more
passive role (frontal lectures, site visit, labityidn particular, literature research
and presentations by students show many positfeetefon all aspects, most on
organization and impact of the project.

- Approach: IBSE is appreciated much more than pheeef problems and
experiments.

- Duration of the project: the longer the projeck&e more positive opinions on all
aspects, in particular on impacts.

- Group size: students who worked in small groupsld/tike to work on projects
like CarboSchools more often than students who amkith whole classes on a
project.

Some issues must be taken into account when ietergrthe reported findings. As the
results show, the appreciation by the studentesgasignificantly between the authentic
science projects. We gave several explanationsybuwtill suggest two more factors that
might cause differences in appreciation which weehd measured in this study.

First of all, cross-cultural differences in survegponse style might influence the results.
Response bias is a systematic tendency to respogdeistionnaire items on some other
basis than the specific item content. Cross-culttesearch in Europe has shown that
Spanish and Italian respondents score consistlrgher on acquiescence (yea-saying)
and extreme responses than British, German anclirreamples (Van Herk, Poortinga

and Verhallen 2004). Indeed, the Italian and Spammjects in CarboSchools are

evaluated slightly more positively than most prtgan other countries. So response bias
might have caused some differences in appreciatdneen projects.

Furthermore, national science curricula might ieflae the possibilities and appeal of the
projects. TheScience Teaching in Schools in Euraegort (Eurydice 2006) shows a
wide range of science curriculum activities in Epgan countries. For example, the
amount of practical work in science curricula almel ¢xtent to which an authentic science
project is a novelty to students differs considgrdietween countries. These differences
in science curricula between countries might afétgtients’ appreciation of the projects.

Nevertheless, we can conclude CarboSchools is a sueccess. The appreciation of this
kind of science teaching by secondary school stgde very high. This positive
evaluation confirms the research by Braund andsR@806) about the success of out-of-
school experiences and authentic science learAisg.positive outcomes for girls are in
line with the results of Van Langen (2005), thatcmperative learning environment is
more appreciated by females than by males. Howekergirls in our sample are also
positive about scientists, which is not in line lwiMiller, Slawinski Blessing, and
Schwartz’s (2006) results that females particuldrdye negative images of scientists.
The volunteers in CarboSchools are also more pesitin the projects than the
compulsory students, which relates to other researcich indicates that motivation
could be an important factor influencing studemginions and learning (e.g., Koballa
and Glynn 2007; Pintrich and Schunk 2002).
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3 Impact of CarboSchools on Students: Attitudes Sty

3.1 Introduction

Students’ low interests in science studies in Eerogve been cause for a lot of research
in the attitudes domain. Osborne, Simon, and CoI[R003) characterized students’
attitudes towards studying science as an “urgeeh@a for research”. The underlying
hypothesis has been that attitudes help to steeercahoice and school performance.
CarboSchools combines science education with emviemtal education, thus trying to
influence both attitudes towards science and dttgutowards the urgency of climate
change. Currently, environmental problems like glolwarming are much more
becoming part of science curricula. Social respgwlityi for the environment has
established space in science education (Oguz,&0fl4). Environmental education can
be seen as the bridge between science educatiosoaial responsibility. This science
education is considered as one of the most impbfdators for preventing environmental
problems (Ozden, 2008). Underlying idea is thatletis who know a lot about the
environment have a positive attitude toward it aamck likely to behave in an
environmentally responsible manner (Kuhlemeier, dan Bergh, & Lagerweij, 1999).

The main objective of this study is to examine ¢ag attitudes towards science and
climate change during the participation in Carbosth projects. The according main
question that will be addressed is:

To what extent do students’ attitudes towards seend climate change improve during
participation in CarboSchools?

First we discuss the theoretical background ofcthrecept of attitudes, and take a look at
previous empiric research concerning attitudes tdsvacience and climate change.

3.1.1 Attitudes Research

An attitude is a predisposition to respond in a favorable or unfavorable manner
with respect to a given attitude object (Oskamp & Schutz, 2005). A problem that
has been raised by those studying attitudes towsidace (e.g., Francis & Greer, 1999;
Germann, 1988; Osborne et al., 2003) is the thieatdtackground of attitude itself. In
the psychology attitudes are studied for a longt(eg. Eagly & Chaiken, 1993; Petty &
Cacioppo, 1981, 1986; Fishbein & Ajzen, 1975; Fa&iBetty, 2008), but there is still no
agreement reacheBlew science education researchers have developed theoretical
models relating to the various components of attitude (Gardner, 1975; Ramsden,
1998). We use the latent process viewpoint in our research. An attitude in the
latent process viewpoint might be conceptualizedcaasummary of all of a person’s
affective reactions toward, behavioural responsgsahd evaluative beliefs about an
attitude object (Oskamp & Schultz, 2005). Beliefe atatements indicating a person’s
subjective probability that an object has a paldicaharacteristic. For example: this book
is informative / my boss is easygoing. Evaluatietidis are beliefs that state a value



judgement about an object, for example: my boss méce guy / freedom of press is a
good thing. As attitude researchers we should chyefiefine our attitudes objects

concerning science and climate change. OsborngeDm@and Simon (1998) mention the
elements of science in society, school science sarahtific careers. We are also curious
in the element of scientists, as the students wath scientists. Some background
characteristics of the students and projects amoitimg factors influencing attitudes

towards the different aspects of science. In tiggdture review we discuss the factors
gender, age, knowledge, culture, and type of istetien program.

3.1.2 Effect of background variables on science related attitudes

Schibeci (1984) reported in a review of sciencecatlan literature that of all the
variables that may influence attitudes toward smegender has generally been shown to
have a consistent influence. It appears that figlge more negative attitudes towards
science than boys. Girls’ science-related interasgson average more focused on the
biological than on the physical sciences. As Mi#éml. (2006) point out girls tend to be
more oriented to the human aspects of sciencejrigscgnsider biology as a helping,
people-oriented science. Girls generally found remeuninteresting and the scientific
lifestyle (as perceived by them) unattractive. Rertore, it is known that girls have
more negative images of scientists than boys. Bo¥is and girls view science as a male-
dominated school subject and consider science ta beale profession (Andre et al.
1999). Koballa and Glynn (2007) conclude that thestrfrequently given sociological
reasons for girls having less positive attitudewata science than boys include the
differential cultural expectations placed on gafsd boys by parents, teachers, and peers,
and the different experiences in science, bothchosl and out of school, provided to
boys and girls.

Student age is also important: children at the animevel have rather positive attitudes
towards science, whereas attitude scores declimagdthe secondary school period
(Osborne et al., 1998; Koballa, & Glynn, 2007; BaynKind, & Jones, 2008). This
decline is more pronounced for girls than for bdstge (2007) found a precipitous drop
in science attitudes between the age of 11 ancvgh if the students have only been
attending middle school for a maximum of six weekise effect size is large, and the
students do not recover their previously higherlewf science attitude in the later
middle school years. Bennet and Hogarth (2009) &sod that positive attitudes to
school science decline significantly between thesagf 11 and 14 years. The sharpest
fall occurs for student attitudes towards schodérsme. Experiences in school science
between the age of 11 and 14 are crucial in shagindent attitudes and subsequent
behaviours in relation to subject choice. As pupiiegress through school, the attitude
towards learning science in school becomes a gréafileence on attitudes towards
future participation in science (Barmby, Kind, &és, 2008).

Further, knowledge seems related to attitudes. liteeature review Weinburgh (1995)
calculated the mean correlation between attitudeatds science and achievement in
science was .50 for boys and .55 for girls. Thia imoderate, positive relationship. The
relationship between attitudes and achievemenioiodpy is higher than in physics.
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A lot of effort has been put in improving attitudésowever, not all interventions work
very well. The results from intervention studiesnpdo the success of particularly those
that engage learners in hands-on science actidtidghat stress the relevance of science
through issue-based experiences (Koballa, & Gh0Q7). For example, a study by
Jarvis & Pell (2005) among 10/11 year old studehiswed that their science attitudes
increased during an hands-on science activity $pace center. This increase was even
valid two months after the trip. Twenty percentlod students also showed an increased
interest in scientific careers.

3.1.3 Effect of background variables on environralerglated attitudes

Research literature tells us that attitudes andwledge influence environmental

responsible behaviour. Knowledge about the envientnseems to be an important, but
not sufficient, component for responsible environtakbehaviour. Therefore, positive

attitudes towards the environment are needed. Mereostudents environmental

knowledge is often fragmentary and incorrect (Katdeer, van den Bergh, & Lagerweij,

1999; Tosunoglu 1993). In a nationwide sample ofartban 9,000 students (aged +/- 15
years) from 206 Dutch secondary schools the reldigtween environmental knowledge
and environmental attitudes and behavior provedetoery weak (Kuhlemeier, van den
Bergh, & Lagerweij, 1999).

It is known that girls show more concern for thesimnment than boys. In a study
performed by Tosunoglu (1993) to determine the ipteds of Turkish university

students’ environmentally responsible behaviourds geemed to be more willing to
become actively involved in environmental protectitiowever, Makki et al. (2003)
found that among Lebanese secondary school studbate boys and girls had

favourable attitudes towards the environment, ackéd environmental knowledge.

To improve students’ environmental attitudes, isstdered as difficult. Research studies
focusing on students’ environmentally responsil#ddviours and associated variables
after exposure to an environmental education progra showed that these interventions
impacted positively upon students’ environmentadwledge, but they were not effective
on their attitudes and behaviours towards the enwient (Grod#iska-Jurczak et al.,
2003). It was suggested that increasing studentsiledge is simple, but environmental
attitudes and behaviours are difficult to change.

Nevertheless there are some interventions that wetkwith students. An example of an
intervention to improve environmental attitudedresm Stern, Powell, & Ardoin (2008).
They explored the influences of 3- and 5-day redide environmental education
programs at the Great Smoky Mountains Institutelt@mont (TN) on participants’
connections with nature, environmental stewardsimigrest in learning and discovery,
and awareness of the Great Smoky Mountains Nati®a@k and biodiversity. The
authors found significant positive, short-term eféeon all outcomes of interest. Also, 3-
month delayed post-tests indicated retention ohiBgg@nt gains in environmental



stewardship and awareness, whereas other gaingl.fddeger stays and active
engagement of visiting teachers in on-site instomcénhanced most outcomes.

3.2 Methodology
3.2.1 Construction of the Attitudes Questionnaire

For the purpose of measuring students’ attitudesCarboSchools the Attitudes
Questionnaire (AQ) has been developed. This questice consists of three parts. The
first part contains 12 items concerning generakgemund variables like gender, age, and
educational level of parents. The second part a3 attitudes statements. The third
part is a knowledge test about climate change, hvbantains 12 items (see table 3.1).
The questionnaire can be found in Appendix 2.

Table 3.1: Climate Change Knowledge Test

True False Don't
know
1. Most of current Climate Change is due to greesb@ases a a a
generated by human activity.
2. If my city has a heat wave this summer, it wiktan that climate is a a a
changing.
3. Climate change is only defined as the risinggemperature of the a a a
earth’s surface.
4. Climate change is a result of the ozone layeolmng thinner. a a a
5. Climate Change is partly caused by the incrémshe emission of (O a a
heavy metals.
6. A rise in sea level and drought are some ofdbesequences of O a a
Climate Change.
7. Thereis a direct link between Climate Changgskin cancer. a a a
8. The ocean can absorb &nitted by humans. a a a
9. Because of Climate Change, an oxygen deficienayarise. a a a
10. Because of climate change, the water in seh®egans will expand. QO a a
11. The acidification of forest is a result of Céita Change. a a a
12. Because of climate change, certain plants aimdads may become a a a

extinct.

As part of this study, the following areas of aiti¢s to science and climate change were
focused upon as being important: school sciena@alsinplications of science, scientists,
career interest in science, climate change, andamaental awareness. All the attitude
areas listed were chosen as areas that could pobsitaffected by an initiative such as
CarboSchools.

For scaling of the attitudes we use Likert's metlobdummated ratings. Each item is a
component in a summated rating scale that consfséssnumber of opinion statements
reflecting either a favourable or unfavourabletadie to the object being studied. The use
of more than one response for the same constreetlgrincreases the reliability of the
summated rating scores (Kind, Jones, & Barmby, PO®¢hoice from the following five
responses was given for each stateme®trohgly disagree”, “Disagree”, “Neutral”,
“Agree”, and “Strongly agree”. Having a limited set of meaningful (to the stud@nt
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statements was regarded as crucial. Most of therstats were therefore adopted from
existing questionnaires that have been proven tik wuith pupils. We will give a short
description of the two questionnaires we have usest.

The ROSE, the Relevance of Science Education, iatamational comparative project
meant to shed light on affective factors of impoc& to the learning of science and
technology (Schreiner & Sjgberg, 2004). The targepulation consists of students
towards the end of secondary school (age 15). &bearch instrument is a questionnaire
mostly consisting of closed questions with fourmdiikert scales. The key feature of
ROSE is to gather and analyze information from ldaners about several factors that
influence their attitudes to science and technol(®g§T), and their motivation to learn
S&T. Examples are their prior experiences with gieivs on school science, their views
and attitudes to science and scientists in socigtgir future hopes, priorities and
aspirations, and their feeling of empowerment w&pards to environmental challenges.
The scope of ROSE is still expanding, and numestudies have already been published.
We did not use all scales from this questionndiegause we think CarboSchools is not
influencing all attitude areas in the ROSE quesi#ire.

A second test for measuring science attitudes, dahest of Science Related Attitudes
(TOSRA), was initially developed in Australia byaBer (1981). Seven science-related
attitudes are measured among secondary schoohssuder example, social implications

of science, normality of scientists, enjoyment oesce lessons, and career interest in
science. Since the 1980s this well validated qaestire has been widely used in

attitude research. We haven’t used all scales filimquestionnaire, because we think
CarboSchools is not influencing all attitude arnedssted in the TOSRA questionnaire.

At this point, as suggested by the guidelines ofdket al. (2007), let us be more specific
about what we meant by the above constructs. Tsief@iur constructs aimed to examine
pupils’ attitudes towards science.

Attitudes towards school scieneeThis scale measures the students’ attitudes
towards science in school. In this study biolodymistry, physics, and science lessons
are considered as ‘science in school’. 6 of thiemns are based on the ‘Learning Science
in School’ scale from Barmby, Kind, & Jones (2008).

Attitudes towards the social implications of sciercin this scale the students’
attitudes regarding the significance of scienceatols society are measured. 6 of the 7
items were taken from the ‘Social Implications todgaScience’ scale from the Test of
Science Related Attitudes (TOSRA), developed byé&r§l978). One item was added to
include policy in this scale: ‘Policy decisions shb be more based on what scientists
say’

Attitudes towards scientistsIn this scale the opinions on a scientist’sshije is
measured. Three of the six items were taken froen“Mormality of Scientists” scale
from the TOSRA (Fraser, 1981). Eurobarometer (2CG8)s one item. Two items are
added by the authors for a complete scale.

Attitudes towards a career in scieneeThis scale measures how students think
about a scientific career and consists of 5 itetaken from the “Career Interest in
Science” scale from the TOSRA (Fraser, 1981).



The last two constructs aimed to examine pupilguates towards the climate change.

Attitudes towards the urgency of climate changén this scale the students’
attitudes towards the urgency of climate changaeessare measured. The 6 items are
based on the ‘Importance of Environmental Probledisiension from Berberoglu &
Tosunoglu (1995) and on the ‘Me and Environmentabbms’ scale from the
Relevance of Science Education (ROSE) study coedubl Schreiner and Sjgberg
(2004).

Environmental awareness In this scale the students’ awareness of indalidu
responsibilities about climate change issues issored. The 8 items are partly designed
by the authors and partly taken from the ‘Environtaé Citizenship’ dimension,
developed by Stern, Powell, and Ardoin (2008).

There are a number of negative items of which twisg is reversed. All items are
randomly distributed throughout the scales. Weteddhe attitude measures to check the
internal statistical reliability of the differenteasures, and use factor analysis to check
whether the measures themselves would in fact nuensional — that the items that
we had put together would actually measure the samg. Therefore, the constructed
measures were put together into a paper questi@neiich in turn was given out to 116
grade 10 students from a secondary school in tinth rd the Netherlands. Reliability
calculations and factor analysis on the data ctecidentified items that reduced the
internal reliability of attitude measures or didt gpoup together with other items were
identified. These items were either removed from mheasures, or their wording was
modified.

The questionnaire was translated to the nativeulagg of the students and implemented
twice: before and after the project. Altogether &fiddents filled in the pre-test and 593

students filled in the post-test. Prior to the gg@l of the attitude data, all the responses
were coded numerically. Initially, the responsesemeoded as “strongly disagree” = 1,

“disagree” = 2, “neutral” = 3, “agree” = 4, andrangly agree” = 5. Subsequently, prior

to the reliability analysis of the data, the resggmwere reversed coded for negatively
phrased items.

3.2.2 Reliability Analysis of the Attitudes Questiaire

Having established the unidimensionality of theias attitudes measures by using a
factor analysis, we next examined the internalabglity of these measures. Table 3.2
presents the Cronbach’s alpha values for each meaguior to carrying out the
reliability calculations, all negatively wordednts were reversely coded.

Table 3.2: Cronbach’s alpha reliability values dach attitude measure

Number of items Cronbach’s alpha

School Science 7 .87
Social Implications of Science 7 74
Scientists 5 .76

Career in Science 5 .83
Urgency of Climate Change 6 .82
Environmental Awareness 8 .78
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For all the attitudes measures, the internal riiigbwvas calculated to be above the
threshold of .70. In addition to examining the intd reliability, we also checked the
spread of each measure in terms of mean valuestandard deviations. These results
are summarized in table 3.3.

Table 3.3: Mean values and standard deviation cf atitude measure

Pre-test (n = 671) Post-test (n = 593)

Measure M SD M SD
School Science 3.60 .75 3.54 .78
Social Implications of Science 3.81 .54 3.75 .57
Scientists 3.71 .67 3.69 74
Career in Science 3.45 .81 3.33 .85
Urgency of Climate Change 3.79 71 3.75 71
Environmental Awareness 3.78 .68 3.73 .64

From these results, we identified that all scales r@liable and well suited for the
attitudes measures. Now we are able to take adbtie results of the attitudes measures,
indicating students’ attitudes towards science@imdate change.

3.2.3 Data collection

Not all Carboschools projects were included in aoalysis. We included only projects
that last for at least 10 hours per student, becausertain amount of exposure is needed
for changing students’ attitudes. Further, we edetl those projects with unequal
numbers of pretest and posttest questionnairés.irftportant to note that the projects in
Bordeaux are overrepresented (269 students). Tdraderistics of the projects that were
included in the attitudes analysis are presentedhie 3.4.

Table 3.4: Projects in attitude research 2009-2010

Projects 19

Students 413

- Girls 215

- Boys 198

Student age 12 — 21 years (mean = 15.5)
Schools 17

Research Institutes 5

Countries 4

Science lessons in a week 1 — 20 hours per st(aean = 7)
Time spent on project 10 — 90 hours per studenafme39 hours)
Visits to the research institute 0 — 3 per pro{emtan = 0.5)
Scientists visits to school 0 — 4 per project (medn4)

A total of 413 students participated in the att#sidesearch, of which 215 girls and 198
boys. Their average age was 15.5 years old, rarfging 12-21 years. They participated
in one of the 19 projects in five institutes (Baadg, Bergen, Florence, Groningen, and
Paris). On average they spent 39 hours on theoSahwols project. The other institutes
work on shorter projects or with younger pupildisat those were excluded in this part of
the study. Further characteristics of the projezs be found in the overview in
Appendix 5.



3.3 Results
3.3.1 Attitudes changes and knowledge changes

In table 3.5 the results of pre-test and the pesttdre presented. All attitudes scores are
very positive, as 3.00 is “neutral”. So our studegnte already very positive about science
and the urgency of climate change before they #tarproject, and after the project they
are still very positive. However, the knowledget tasout climate change seems to be
difficult for the students with on average 48 %rect answers. When we take a look at
the attitudeshangesijt seems that the average scores declined arldifecales. To test
this hypothesis, we used Student’s T test. Onlyattkudes towards schools science,
attitudes towards social implications of scienae] sowards a career in science declined
significantly (p<.01, 2-tailed). We found no sigodnt change in attitudes towards
scientists, the urgency of climate change, enviremial awareness for the total group of
students. The overall results show that knowledgeut climate change significantly
increased: the students chose the ‘don’t know’asptn the knowledge test during the
post-test less often, so it seems students are owmfedent about their climate change
knowledge.

Table 3.5: Results of pre-test (n = 413) and pest{n = 385)

Measure

Pre-test (n=413) Post-test (h=385)
Mean SD Mean SD

School science 3.73 .66 3.57* .73
Social implications 3.86 .50 3.72* .56
Scientists 3.76 .67 3.74 .75
Science career 3.54 .75 3.35%* .78
Urgency of Climate change 3.88 .70 3.80 72
Environmental awareness 3.85 .64 3.79 .64
Knowledge 48% 16%  53%** 16%

* Significant change (p<.05, 2-tailed)
** Significant change (p<.01, 2-tailed)

Differences between boys and girls in attitudesiglea are displayed in table 3.6.

Table 3.6: Gender differences in pre-test and fEstresults

Gender

female male
Pre-test (n=215) Post-test (h=201) Pre-test (nF19ost-test (n=182)
Mean SD Mean SD Mean SD Mean SD

School science 3.67 .67 3.54 .76 3.80 .64 3.63* .69
Social implications 3.86 48 3.74* .53 3.86 .52 137 59
Scientists 3.82 .67 3.86 74 3.70 .66 3.60 74
Science career 3.52 .76 3.30** .83 3.56 74 341 3 .7
Urgency of Climate change 3.93 .65 3.84 .68 3.83 5 .7 3.77 75
Environmental awareness 3.93 57 3.83 .62 3.77 .703.74 .66
Knowledge 47% 14% 519%** 14% 50% 17% 55%** 17%

* Significant change (p<.05, 2-tailed)
** Significant change (p<.01, 2-tailed)
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Attitudes towards social implications decline foothb boys and girls, but attitudes
towards school science only decline significantly boys. Girls only score lower on

attitudes towards a career in science after theegréhan before. Both boys and girls
gained knowledge; they score better on the clinchnge knowledge test than before
participation in CarboSchools.

The T-test results for differences between inggun the attitudes changes are displayed
in table 3.7. Florence and Groningen were not ohetlin this analysis, because of very
small sample sizes.

Table 3.7: Institute differences in pre-test anstgest results

Institute

Inra Bordeaux Bergen LSCE Paris
Pre-test Post-test Pre-test Post-test Pre-test Post-test
(n=268) (n=258) (n=81) (n=71) (n=36) (n=33)

School science Mean 3.72 3.53** 3.86 3.78 3.72 3.49
SD .64 .70 .73 .75 .62 .83
Social implications Mean 3.84 3.66** 3.99 3.92 3.71 3.62
SD .50 .53 .52 .61 .48 .53
Scientists Mean 3.81 3.74 3.58 3.73 3.78 3.69
SD .67 .73 .63 74 .66 .86
Science career Mean 3.60 3.38** 3.43 3.29 3.58 3.32
SD .73 .78 .80 .83 .67 72
Urgency of Mean 3.99 3.86* 3.83 3.81 3.53 3.37
Climate change SD .69 71 .68 .68 .61 .64
Environmental Mean 3.99 3.91 3.51 3.44 3.93 3.90
awareness SD .58 .58 .60 .63 .66 .57
Knowledge Mean 47% 529%** 51% 55% 41% 46%
SD 14% 14% 19% 19% 12% 14%

* Significant change (p<.05, 2-tailed)
** Significant change (p<.01, 2-tailed)

We only found significant differences between mstiand post-test in Bordeaux. There,
students’ attitudes towards school science, soujglications of science, a science career,
and the urgency of climate change declined duriagtiggpation in CarboSchools.
However, their knowledge on climate change incréasgnificantly. For students from
both Bergen and Paris we couldn’t find any sigaificchanges, but this might be due to
the relatively small sample sizes.

We are also interested the differences in attitudemnges between different types of
projects. It is possible some types of projectsraoee successful in improving attitudes
than other types of projects. Analyses were cawigicn the pre-test and post-test scores
with as independent variables: voluntary/compulsomyjects, approach of the project,
literature research, computer work, frontal lecsudeands-on experiments, presentation
of students, site visits, and lab visits.

No difference was found in attitudes changes betweduntary and compulsory projects.
Both student groups showed a decline in attitudesatds school science, social
implications of science, a science career, ancherease in knowledge on climate change.
We also didn’t find a difference between the “pifedsd problems and experiments”
approach and the “inquiry based science educatppioach. The types of activities in



the project (literature research, computer workntal lectures, hands-on experiments,
presentation of students, site visits, and lalts)isidid not show any deviant effect on
attitudes: all projects score the same on theudt## changes: that means significant
declines (p<.05) in attitudes towards school s@emsocial implications, science career,
and an increase in climate change knowledge.

3.3.2 Differences between students in attitudes

Because the attitudes did not change drasticaly,wanted to know what variables
influence attitudes. For this purpose, we seledtedl pre-test data (n=413). We are
interested in the differences between countriesstidents’ attitudes. In table 3.8
differences between regions in students’ attituwdesbe found.

Table 3.8: Institute-dependent differences in siitsl attitudes (pretest n = 413)

Institute

Inra Bordeaux CNR-IBIMET Bergen LSCE Paris RUG
(n=268) Firenze (n=10) (n=81) (n=36) Groningen
(n=17)
Mean SD Mean SD Mean SD Mean SD Mean SD
School science 3.72 .64 3.62 .68 386 .73 3.72 .63.45 .67
Social 3.84 .50 3.93 42 399 52 371 .48 3.94 .30
implications
Scientists 3.81 .67 3.47 .51 358 .63 3.78 .66 3.94.69
Science career 3.60 .73 3.73 .82 3.43 .80 3.58 .62.95 .82
Climate change 3.99 .69 3.72 .62 383 .68 3.53 .61.26 73
Environmental  3.99 .58 3.56 .56 351 .60 3.93 .66 3.26 .81
awareness
Knowledge 47% 14%  56% 11% 51% 19% 41% 12% 57% 17%

Students in Bergen have best attitudes towardsos&ogence and social implications of
science, whereas the students from Groningen $oaest on school science. However,
the Dutch students score high on attitudes towsodgal implications of science and on
the climate change knowledge test, but low on hwgency of climate change attitudes
and environmental awareness. Students from Bordseore best on the environmental
related attitudes. Paris students have least knigelef climate change. So there are
many differences between students from differestitutes in the way they think of
science and climate change.

Other student-dependent characteristics, like theusat of practical work in science
lessons, students’ age, education level of the®nia, and students’ science grades, were
also checked for significant effects on attitudésst, we measured the effects of the
amount of practical work in science lessons onualéis. The results, presented in table
3.9, show the significant results (p<.05).

We see that both attitudes towards school scienceaacareer in science are most
positive for students doing practical work at leaste a week. Students, who seldom or
never do any practical work in science lessonswsless positive attitudes towards

school science and a science career. This inditiadé¢she science curriculum influences
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students’ attitudes towards science. The amounprattical work did not show a
significant effect on the other attitudes.

Table 3.9: Effect of practical work on attitudesefest n = 411)

Amount of practical work

at least once a week (n=258) at least once a nfortt26) seldom or never (n=27)

Mean SD Mean SD Mean SD
School science 3.78 .62 3.73 71 3.33 71
Science career 3.63 72 3.47 T7 3.07 .76

We used an ANOVA test to measure the differencestitudes between three age
groups (12-14; 15-16; 17-19). The significant res(jp<.05) are presented in table 3.10.

Table 3.10: Effect of age on attitudes (pretest41 %)

Age

12-14 (n=69) 15-16 (n=258) 17-19 (n=84)
Mean SD Mean SD Mean SD

Scientists 4.03 .63 3.74 .67 3.60 .62
Science career 3.79 .69 3.56 72 3.27 .84
Climate change 410 .63 3.90 .70 3.65 .69
Environmental awareness 4.09 .52 3.92 .60 3.43 .66
Knowledge 50% 14% 46% 15% 53% 18%

It seems that the older students, the worse thtgudes towards scientists, science career,
the urgency of climate change, and environmentahremess. However, the older
students have more climate change knowledge tteagdtinger students. No significant
effects were found on attitudes towards schoolnsegsocial implications of science,
and the climate change knowledge test.

We used the ANOVA again to measure the effects toflents’ science grades on
attitudes. The mean scores for each group on @gstare presented in table 3.11 (only
significant results p<.05).

Table 3.11: Effect of science grades on attitugestést n = 405)

Science grades

High (n=141) Moderate (n=242) Low (n=22)
Mean SD Mean SD Mean SD

School science 4.10 .59 3.57 .58 3.33 .83
Social implications  3.99 .50 3.80 48 3.77 .58
Scientists 3.86 .69 3.73 .64 3.28 .57
Science career 3.80 .76 3.42 .70 3.32 .78
Knowledge 51% 16% 47% 15% 44% 16%

The students with high grades score better oncédhse related attitudes than students
with moderate or low science grades. They also mawee climate change knowledge.

Interesting result is that science grades do natedo the urgency of climate change
attitudes or environmental awareness.

Further analyses, not represented in a table, nchebe that students whose parents
graduated from higher education, score signifiga(gk.05) better on attitudes towards



school science, social implications of science, aedreer in science than students whose
parents graduated from secondary school. Thesergtidcore also better on the climate
change knowledge test. Students, whose parent(s)ahscience diploma, have more
positive attitudes towards school science, soomdlications of science, and a science
career, than students whose parents don’t havéeacscor engineering diploma. And
here again we see that the education level of pradees not influence attitudes towards
climate change or the environmental awareness. @ongp attitudes for different
education levels of the students themselves woeldeby interesting. However, this was
unfeasible because of the international differemcesliucational systems.

34 Conclusions

The results show that students’ attitudes are djr@a a positive level when they begin a
project. This result is confirmed by the interviewgh teachers, students, and regional
coordinators (see Chapter 4), and by commentsgiorral coordinators during project
meetings. Further, we found some background chenistits of students which influence
their attitudes:

- Gender: boys’' attitudes towards school scienceirmechnd girls think less
positive about a career in science after the prafem before. Our girls are very
positive on science and the urgency of climate ghaithe same as the boys.
These results do not correspond with research adagedifferences. The strong
gender difference generally found that girls ass Ipositive or even negative on
science was not confirmed by this study.

- Age: older students have more climate change kriyeldut have less positive
attitudes towards scientists, science career, thengy of climate change, and
environmental awareness than younger students. gésustudents are more
concerned about the environment than older studé&hts is similar with findings
from research literature.

- Institute: many differences were found in the waydsnts think of science and
climate change. Cultural differences might haveffect on attitudes.

- Amount of practical work in science lessons: theemaften students do practical
work in science lessons, the more positive thditudies towards school science
and a career in science. This indicates that tlemee curriculum might influence
students’ attitudes towards science. The importaf@eactical work is shown by
our results.

- Science grades: The students with high sciencesgracbre better on all science
related attitudes than students with moderate war doience grades. They also
have more climate change knowledge. Interestingltresthat science grades do
not relate to the urgency of climate change attisuor environmental awareness.

- Education of parents: students whose parents gredideom higher education,
score significantly (p<.05) better on science eslatttitudes than students whose
parents graduated from secondary school. Theserggidcore also better on the
climate change knowledge test. Also a science gineerring diploma in the
family, relates to more positive science relateituates.
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However, CarboSchools is not able to enhance stsidattitudes towards science and

climate change. In stead of enhancing studentsud#s, some science related attitudes
even slightly declined. The attitudes towards ctenahange and environmental

awareness stay at the same level during partioipdti CarboSchools. We found no

differences in attitudes changes for different typé projects and activities. A positive

result is the increase of climate change knowleatigéng the project. After the projects

students became also more confident about theivletge.

The declining science related attitudes are not wieaexpected since students’ opinions
are very positive on the projects (see Chaptef@).the students’ increased knowledge
about climate change did not result in changes lgher feeling of urgency related to
climate change nor in a higher level of environmakatvareness, as literature describes in
other contexts. It is important to realize thaitadtes - measured by external observers -
and opinions on the projects - directly expressegdasticipants themselves - are different
categories, which do not necessarily correspond.gbssible that students have positive
opinions on the projects, but that their imagessaknce (i.e. their attitude towards
science) remain negative. Particularly, this applte the scale measuring student
attitudes towards school science. It is not likéhat this will be influenced by our
projects, despite the fact that these projectsraureh appreciated by the students.

We know from literature that attitudes are rathabke - therefore difficult to change by
external factors - and they become more negativee@sage students get older. This
frequently found decline among high school studémntsaused by a number of factors,
the most important one being probably their expegein science lessons. Despite the
positive judgments of the students in CarboSchpagects this trend remains unchanged.
An additional reason for finding no improvement atdfitudes is that the attitudes of
participating students were already at a high Idedbre the projects started; meaning
that our student groups did not reflect averagdestigroups and leaving little chance for
improvement.



4 Perceptions of Participants in CarboSchools: Inteview Study

4.1 Introduction

There are two aims for this interview study. We \dolike to gain more in-depth

knowledge about the regional projects, in particwaat one thinks on CarboSchools.
We also need to know more on constraints in thargegtion of CarboSchools in both
schools and research institutes. Therefore, we wdad an interview study for getting
(more specific) answers on the following reseangbstjons:

1. What is the impact of CarboSchools on students?
2. How is CarboSchools integrated in the schools?
3. How do schools and research institutes collabonat€arboSchools?

We decided to use interviews for this part of thaleation, because an interview study
has proven to be a good method to discover newiaethips, deepen the answers, and
get detailed information on what causes problemsbemefits. The interviews are

conducted with different actors in CarboSchoolaidents, teachers, and regional
coordinators/scientists. This descriptive, explonatresearch is structured in three
themes according the research questions. An iet@rgrotocol is drawn up for each

group, using the following themes if applicable:

Theme 1: Regional projects: form, content, andaap
Theme 2: Relation project and curriculum
Theme 3: Collaboration schools and research itesitu

In the last paragraph we will answer the reseaugsiipns.
4.2 Methodology

The minimum number of interviewees was set at fttedents, five teachers, and five
regional coordinators/scientists in order to getetie images of the projects. Most
regional coordinators (subsequently abbreviateld@s) also fulfill the role of scientist.

Because the regional coordinators also work atrésearch institute and have a good
knowledge of things going on there, we decidedtoatterview “scientists” as a separate
group. The participants were asked for an interviewbasis of a convenience sample
during the Spring School in Jena in April 2010. fTaso implicates not all regions are
necessarily included in the interview study. We eavable to interview actors from 5

different regions, of which we interviewed studemé¢sichers, and the RC of 4 regions. A
list of exact interview dates is included in appgral All participants were involved in at

least one long-term regional CarboSchools projeittinvthe last school year. Most of the
interviews were individual, but some interviews gerith two or more participants at the
same time. The total number of interviewees isnl8 total number of 13 interviews, see
table 4.1. Females are overrepresented in this Isarsgven out of eight students, all
teachers, and three out of five RC’s were female: Better understanding of the
interview questions, some teachers and studentstheainterview protocol before the

interview took place. They had some difficulty witie English language, but they got
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help with translations from other students or teashThe average interview time was
44’ for RC'’s, 39’ for teachers, and 6’ for students

Table 4.1: Overview interviewees

Interviewees Paris Bordeaux Florence Bergen Kiel tallo

Students 1 4* 2% 1 8

Teachers 2% 1 1 1 5
RC's/scientists 1 1 1 1 1 5
Total 4 6 4 3 1 18

* Group interview

We asked participants questions on the three thelkes“What do you think is the
impact of this project on the students?”, “Wera¢hany obstacles in realizing the project
within the school?”, and “How did you experience ttollaboration with the scientist?”.
Students were asked on themes 1; teachers werd askall themes; and RC’s were
asked on themes 1 and 3. In addition, we askedrtigpants had more comments that
were not covered in the interview questions in ptdeget more valuable information on
the projects.

The interviews were audio-recorded and all releyamts were transcribed verbatim and
summarized. The interview questions and the sunze@ranswers can be found in
appendix 9B for the RC interviews, 9A for the teacimterviews, and 9C for student
interviews. The answers from all participants in one group.(estudents, teachers, or
RC’s) were then summarized to get a clear pictlitbeprojects.

4.3 Results

These results will be grouped by theme in the foihg sections and be illustrated with
relevant quotes of participants, for reliability tbie themes and for validation of results.
The quotes are anonymized for privacy reasons.

4.3.1 Regional projects: form, content, and impact

The projects are very diverse both in form and eohtin most regions various projects
are conducted on several schools at the same Ktost projects are long-term (e.g. at
least 3 months), but in Florence and Kiel studatgs work on short-term projects, like a
seminar by a scientist. Individual projects maydis part of CarboSchools, in particular
in Kiel where scientists work with students in fab. Because of the majority of long-
term projects, we will focus on these projectshis interview study.

Topics of the projects included various aspectshefcarbon cycle and environmental
education. The interviewees mention the followingi¢s: measuring C£ temperature
change, photosynthesis, acidification of oceansaoncurrents, changing the ecological
footprint and reducing COemissions. In the vast majority of the projectsdsnts
conduct experiments, analyze data, write a repod, present their results in their class
or on a conference. This can be part of releasifaymation to a wider public (Paris). In
a few projects students conduct interviews witlatreés or scientists, and even a role



play or a game can be part of a project (Florenoe3ome projects students visited the
research institutes, but this is often not possiil@eause of limited capacity to receive
groups at the institute. Site visiting for measgr®G, is more common. The students in
Bergen for example go on a boat trip in the fijdmlsmeasurements.

Four of the five interviewed RC’s fulfill also th®le of scientist in the projects. They
give an introduction when the project starts, gotops with students to research
institutes and sites, and help students with theemments. They visit the schools
multiple times, depending on the kind of projechedRC illustrates this double role:

“I always meet the teacher before with no pupils. e discuss how to conduct the
project. And | propose some experiments. It is wayortant this meeting between me
and the teacher. And after | spend in class tomeige project. And | was at the end of
the project for the presentation, | corrected sastiges. And | always said | can come to
the classroom if someone that wants. Sometimgsnitgortant that | come back, because
of the subject.[RC)

RC’s also give lectures, but sometimes other sisisnfrom the research institute give
lectures and the RC has a more coordinating role:

“The role is to coordinate the CarboSchools project our region, from the very
beginning to the end. So we have to actually steetproject, find the partners, put the
project together with them. | have to follow theojpct though with them. Organize
everything, in my project particular | have to orgze site visits, organize scientist
activities or lectures. I'm not a scientist. | donften do activities, but sometimes | give a
little lecture on CarboSchools, what is it, to imdiuce CarboSchools. And also | might do
some activities with the GG&ensor. | know how to do that. | also do sometisEme
English lesson in fact. (...) | always accompany ghientist and help them with the
activities; | will participate or take photos. (.Make sure things are okay(RC)

Tasks of the teacher are normally supervision andimg the students, and integrating
the subject topic into the curriculum. However, tine@olvement of teachers varies
considerably in the projects. During site visits tble of teacher can differ very much, as
one RC experienced:

“When they go on the site visits, it really dependsthe teachers what they do. Some
teachers are really well prepared and want theudskto do special activities and they
organize it well with me, (...), to the other extretime teachers may also be tourists and
just want their students to have a good time. Ttstgn but do not take any notes, and
mess around during the activitie¢RC)

This teacher problem is found in more regions. @mgon has a creative solution to get
teachers involved. Teachers are asked to at leasstilmute in public outreach activities of
the research institute:

“All the projects at the institute are done in tphilosophy that the institute also has to
profit from it. (...) So what we demand from everyugr we work with that they support
us with our public outreach. (...) One of the waysaneedoing that is by contributing to
open days of the institute, where the studentseptetheir work, and the teachers help
them prepare for that. And this has been very ssfoe” (RC)
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A short overview of the most important tasks offbt@achers and RC’s can be found in
table 4.2.

Table 4.2: Overview tasks teachers and RC’s

Tasks teacher Tasks RC

Guiding students Guiding students during sitefinsivisits
Supervision during the project Helping student$veixperiments
Collaboration with other teachers  Coordinating/ritg scientists and teachers
Preparation of project Preparation of project

Integrating subject into curriculum  Giving lectures

But what do students think of the projects? Therinewed students experience the
project very positively. All students would like t@ork on projects like CarboSchools
more often. Most students do not think the projeess difficult. The projects were
interesting. Students like experiences outside @dbest, for example a boat trip or scuba
diving; but they also like to work with people (sitists). The interviewed students liked
almost everything of the project, except for onedeht who did not like writing the
report (that was boring). In the majority of thejects students worked in little groups,
which they like very much. The students learned/yeuch about the carbon cycle and
the environment. Most of the interviewed studehisk of studying a career in science,
but only for one this was stimulated thanks to ©adhools. Most of them were already
interested in science. However, they like the mtsjea lot, because now they get the
chance to do experiments or work in a different way

“I liked working in a group, and realize our own gect. And working with scientists,
and see how they work. It is a different way ofkiay; it is very interesting, a new way.”
(student)

Not all interviewed students have visited the redeanstitute; this varies from none
(Florence and Paris) to three visits (Bordeaux)weler, the scientist visited the school
of the students in all projects at least one timich is very much appreciated by the
teachers:

“It was very useful, because the topic is very akttuve are talking about now. The
scientists are dealing with it, they are up to datevas good they come to the school to
keep us linked to the actuality, what is going own(...) And also it was nice because
our students do not get many occasions they cahsueatists.”(teacher)

Because students work in groups, teachers mentainstudents’ social skills increased
during the projects. They had to keep appointmants$ trust each other. One teacher
notices the motivation of the students for the gebjncreased:

“They are involved in all aspects; they can makidi between subjects. In France we
have one topic or one subject attention. So sorastirhis topic, you can see a social
problem and an economy problem. For example, dsfatien, it is an environmental
problem, but also economical. So they can learnissae by two approaches. | think
after this year they don’t see the different topies same anymore(teacher)

Teachers differ in their answers on whether thgeptancreased the attractiveness of
school science and they do not know for sure whethe is because of the project:



“In the first year we have sort of a campaign foetdifferent subjects. And when | say |
have this collaboration with the university, beiggle to go on fieldwork, stuff like that, |
can see that: okay, that makes a difference. AatbWw from students | have talked with,
that makes a difference. But it is not only becaok€arboSchools, because | teach
geosciences in two difference years and in théeyear we go to the mountains (...). And
the last year is CarboSchools. So | tell studemés then they choose geosciences, they
will have one trip to the mountains and a trip ibe tocean (...) But then again, it is hard
to separate, how much is because of CarboSchonts,haw much is because | take
students out.{teacher)

Teachers also differ in their answers on whetherptioject increased the attractiveness of
their school for other students and parents. Meathers find this hard to say. One

teacher indicates that this is the case if theegtoyvas more promoted, but another
teacher strongly agrees that the project incretisedttractiveness of the school:

“I know that parents ask the headmaster that tleiidren can be in this class. They

know it is an original class. So it has an impagtside the school.(teacher)

4.3.2 Relation project and curriculum

Teachers integrate the subject topic into the culwim. Some projects were part of one
school subject, for example science or geoscienndsoth Paris and Bordeaux teachers
collaborated with each other in a more multidisoigdy project, as the teachers illustrate:
“There were many teachers involved. To show stigdinatre is not one point of view, but
many points of view, political point of view, econg scientists, and also language. (...).
The math teacher did the scientific aspect, theliEimgeacher, because all the documents
were in English, so it made them realize that Eiglvas useful, (...), there was also the
commerce teacher, because they study commerceslpedhwith fundraising (...). The
French teacher, to explain the questions, the amnis) which went around the topic.
The art teacher, to make the poster, and also ploets teacher because they took some
samples in the sea, so they had to scuba diviftgacher)

The aims for participating in the projects fromdiears’ point of view are very divers as
can be seen from table 4.3.

Table 4.3: Teachers’ aims for participating in Q&bhools

Aim Aim of N teachers (max. 5)
Conducting a research project 2

Increasing students’ knowledge 2

Making students interested in science 2

Helping students make the right choice for furtsteidy 1

Showing students they are important and that thgegtris rewarding 2

Most of the subject matter was new to the studdmisin some projects students already
knew some basic knowledge about the carbon cyde.séme teachers CarboSchools
was a totally new way of teaching science. Thehteaand RC in Florence illustrate this

innovativeness of experiments:

“In Italy it is not simple, in the school study titaboratory activity. So only in the few

years, we have laboratory. And | tried to start flregram with experiments, only in the
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past 3 or 4 years. So we have only theoreticalolessand internet review, or library.
Very theoretical. | teach since 18 years, so thia new style for me(teacher)

“This is very useful for the students/teachers bseathey get some devices they normally
do not get.”(RC)

Teachers experience several problems when realizioly a project in the curriculum. In
Paris the motivation of pupils was a problem, thattmight be caused by the fact
students were studying commerce. The school wHgeimner city, with a lot of absents,
violence etc. Other obstacle is getting the mortrips and transportation. Moreover,
in Paris, teachers got little support from admrmaisbn in school:

“And we didn’t get much support from the adminitiza in the school. It sounded a bit:
why do you do that when students do not come &8s @aery day, they hardly can speak
French, you're wasting their time, you are too anthis. So it was difficult to be heard
and defend the project(teacher)

Time schedules of students were difficult too, vahédso was a problem in Florence and
Bergen.

“The principal obstacle is the time. In Italy thessons are very organized. If | want to
make an experiment, | must ask a teacher for fms,tit's not easy.(teacher)

The teacher in Bergen did not have problems with abdministration, because such a
project benefits the students and the school. Theeipal and department leader were
very supportive for the project, which is the samBordeaux. However, in Bordeaux the
colleagues sometimes see the students participati@grboSchools as privileged pupils.
The teacher in Bergen notices that she had a léeetlom in CarboSchools, in such a
way that she could connect the project easily th® curriculum. The constraints are
summarized in table 4.4.

Table 4.4: Constraints mentioned by teachers ilizieg CarboSchools in the school

Constraints Mentioned by N teachers (max. 5)
Motivation students 2

Money for trips and transportation 2

Little support from administration 2

Time schedules of students 4

Attitudes of colleagues 1

Teachers learned some important things for futuogepts: the importance of actual and
practical experiments (Paris and Florence) anccttli@boration with other teachers and
positive contact with students (Bordeaux):

“For me, it was the first time | worked with all noplleagues in a multidisciplinary
project like that. And the contact with the pupgdsquite different than with the other
classes. Because we are always working on sometiiegontact is very different. (...)
The pupils like to talk to me after the lessonghay ask me about measurements, they
always have a lot of questions on what they shdald(...) My pupils, the first class of
CarboSchools, at the end of the year they askedeébdmaster to go on in a higher class.
(...) So we decided that the group can go on and wilka scientist.”(teacher)



4.3.3 Collaboration between schools and researshtirtes

In most projects the RC is involved in the develepimof the project, together with the
school inspector (Paris), the teacher (Bergen,, KBelrdeaux, Florence), or only the
scientist in collaboration with the teacher (Boudda There are different types of
partnerships between scientists and teachers,n@rigim no contact between scientists
and teacher, to a real partnership without helgheyRC. Sometimes the inspector is
involved in the collaboration between teacher atidrgist. Moreover, the RC in Paris
organized a teacher training before the projects.

All interviewed teachers collaborated with scietstisbut this collaboration was less
intensive in Bergen, because the teacher had aroésdackground and therefore a
scientist was less necessary for conducting thgegran a proper way. Collaboration
between scientist and teacher is often concentratébe preparation of the program.
Teachers are very positive on the collaboratiorbdth Bergen and Bordeaux the teacher
and scientist already knew each other before thggrstarted. But all teachers mention
contact is easy with the RC or the scientist. IingBa, there is no authority gap between
scientist and teacher, which makes the contact easy

“In Norway the distance between scientists and ogle®ple... there is not a big distance.
And between teachers and students neither. (...)eTiearot a big gap between students
and teachers. (...) You don’t have that authority tfegg you do in most other countries.
And that of course affects the contact betweerhtracand scientists as well. You don't
feel that you are very below the scientist. Youwktiat you have different skills. (...)And
the good thing about it is that when scientists €dmthe schools, students think that is
just a person doing her job like every other persimey are not afraid to ask questions.”
(teacher)

One of the obstacles the teacher in Bordeaux mmedian the collaboration with
scientists is the fact that scientists are oftesybifhe collaboration can be improved by
more visits of the scientists to the school. Alidkers are still in touch with the scientists,
because the projects are still running. Teachepe lbe contact with scientists will be
permanent, for possible future projects. The RCé&aso positive on the collaboration
between teacher and RC or scientists, but the Ré&ssential for the contact between
teachers and other scientists. Time can be a proble

“Of course the challenge is, one of the challenigethat, | have my job, they have their
job, we have to find the time. We have to thinlok&y, now I'm talking to the teacher,
who is very busy, so you don’t always get the response you want. We are doing our
own job and this is something in between. But Itreayg that | am very satisfied with the
teachers we have contact with, it's very positind aelpful.”(RC)

So, the contact between scientist and teacher®ad. gBut there are hardly any real
partnerships, in that scientists and teachersyreallaborate with each other, without the
RC:

“l thought it was a shame that so many partnersiigre like at a distance, were not
direct. Because sometimes the teacher gets los§ dot get any support. (...) | think
they need extra support from the scientist, foorimiation (...) But on the other hand,
kids get to know different scientists, with différgobs, different scientists world.
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Teachers are actually happy about that, they Iha.t(...) But | would like more direct
partnerships, real partnerships(RC)

The research institutes differ in their school\atiés policy. In some institutes there is
no policy for secondary school projects (Paris,g@er Bordeaux), in others there is
policy that is implemented in some activities (Eloce, Kiel). Thanks to CarboSchools
all institutes conducted school projects in thd thsee years. The RC’s are not sure
whether this will be sustainable implemented atarboSchools. However, there is some
impact on scientists concerning their awareness:

“l think it can give them a new vision. For examplter the final conference, all the

scientists said that they have not imagined thailpican get so far with the carbon cycle.
They were very surprised by the degree that teached pupils reach. So | think it

changed the view they have about teachers andpURC)

The amount of projects in the institutes is randmagn just some written fact sheets to
many different projects (Kiel). The objectives famojects in Kiel are to give students
knowledge on climate change, and give them a w@sseientific life. In this way they
hope to get students interested in science. QreaRC€ in Florence says:

“I'm happy when the pupils run measuremertst them know what we really do in the
office and in the field. Bring the science to thedsnts. And of course if they remember
something, that is important as well. (...) In Ital suffer from little applications for
scientific universities.(RC)

Most RC’s do not have any difficulty to establigintacts with schools for such projects.
Schools like to do this. The contact starts forneple by the school inspector, but some
institutes (Kiel) have partner schools for colladd@n. However, the RC in Bergen was a
bit surprised about the small number of schools whnted to participate:

“And in 2008 we got this independent project, avelhad an information meeting for all
the schools in Bergen. And as far as I've heardading list of 1000 persons got that
information. And 4 teachers shown up... And it alsaed out to be fine. Because these 3
schools and 4 classes we are cooperating withhiatwe are able to handle. Since we
are so few scientists working with it. So in a seit's fine, but on the other hand it's
amazing how few that were intereste(RC)

The RC’s mention several hampering factors forcreductance of school projects in the
institute. Most important factor is time of theesdiists. They often do not have the time
for the conductance of these projects, or theynateénterested in the projects. Scientists
do not see working with schools as part of thdi, gspecially when it is not the primary

goal of the unit. Further hampering factor is maqrfey buying the materials. The time of

the RC’s is also a problem. They need more timetheir job. A 20-50% base is not

enough. One of the RC’s actually does not havefi@iab task in CarboSchools. The RC

in Florence mentioned also the little knowledge data analysis by teachers as a
hampering factor. The outreach obligations of thedte a stimulating factor. For a lot of

EU projects outreach activities were demanded.picteelated hampering factor that was
mentioned by one RC:



“The topic of greenhouse effect is oversaturated) The subject of greenhouse effect,
and climate change, is been around for too longetihthink in some cases it is part of

the standard syllabus, (...). So we found it diffitalactually convince students about
getting enthusiastic about greenhouse gases andatimn problem.(RC)

The constraints mentioned by the RC’s for the cotahce of school projects in the

institute are summarized in table 4.5.

Table 4.5: Constraints mentioned by RC'’s for thediatance of school projects in the research utstit

Constraints Mentioned by N RC’s (max. 5)
Time of scientists 5

Motivation of scientists 2

Money for buying materials 2

Time of RC’s 3

Little knowledge of teachers 1

Over saturation of the topic 1

All RC’s also would like to work more on projectkd CarboSchools if paid for. One RC
mentions the “unmotivated scientists” as a constréar continuing in CarboSchools.
The RC’s also learned a lot from these projectseyThxperience an inconsistency
between the aims of CarboSchools and the avaikibféand time. In any future project
most RC’s would like more involvement of scientigisthe projects. However, one RC
indicates it is difficult to bring an agenda (liggizenship) in the schools by a scientist:
“CarboSchools was different in the sense that il la& agenda. (...) What was difficult
for us, and still is, is the citizenship aspectGafrboSchools. Because this is somewhat
more than a scientific agenda, it is starting taezrenvironmentalism. (...) We are trying
to influence the opinion of people. And this is sttiimg not everybody likes. Research
institutes say: we have to be impatrtial, becausewlleonly be experts if we present facts.
(...) Also the teachers in the schools have diffespptoaches to that. (...) Teachers that
are interested in environmental activism won’'t camea research institute. (...) Many of
the teachers told us: look, we want you to stayragyust give our students the facts, the
background knowledge, and the students decide thiegtwant to do with it. (...) So |
guess in any type of project, | would like to avbidt in the future, to build in a goal like
that.” (RC)

Another problem is to keep students interestechéndroject. RC’s think the relations
built up in CarboSchools are very important. One R& some comments on the
organization:

“I think there should be a tighter network of rega coordinators, who are shown that
they are valued. And from the beginning someoneo@dinating them, so that they
communicate well together, that they feel likeaarté¢ (RC)

4.4 Conclusions

In the last section a lot of information is givem project form, content and their impact
on students, the relation between the project aedctirriculum, and the collaboration
between schools and research institutes. Now weahle to answer our research
guestions:
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1. What is the impact of CarboSchools on students?

The CarboSchools projects are very diverse in bmtim and content. Most projects are
long-term in which students conduct experimentsalyae data, write a report, and
present their results in their class or on a cemfeg. Students like the projects very much
and learn a lot about the carbon cycle and theremvient. Conducting experiments and
working in a project is very attractive for themspecially in countries where the
conductance of experiments is not very usual iersm classes. In some projects students
visit the research institute to meet scientista site for the conductance of experiments.
These out-of-school experiences are mostly apgeetiay students. They like to work
with scientists very much. Students also like th@ug work very much, which is often
part of the project. Teachers think students aisceased their social skills thanks to the
group work. CarboSchools often has an impact instfeol for other students. In some
cases, CarboSchools even has an impact outsidschtioel. Finally, most interviewed
students were already interested in a scientifieerabefore CarboSchools started, but a
few mention they are more interested in a scieaceet thanks to the project.

2. How is CarboSchools integrated in the schools?

The regional projects of CarboSchools are mostly plaa school subject, and in some
cases it is a multidisciplinary project taking @abroughout the curriculum. The tasks of
the teacher in CarboSchools are usually supervisiod guiding of students, and
integrating the subject topic into the curriculumhis really depends on the teacher: some
RC'’s experienced unmotivated teachers who just weait students to have a good time,
but other teachers are very well prepared. The famparticipating in a project from
teachers’ perspective is diverse: doing a reseprgject, making students interested in
science, and show students they are important. iEesgexperience several problems
when realizing a project in the curriculum: timénedules of both students and teachers,
little support from administration, motivation afudents, money for trips, and attitudes
of colleagues. More positive comments were on teedom concerning content of the
projects in CarboSchools, as a result of whichiteescgot more possibilities to integrate
the project into the curriculum.

3. How do schools and research institutes collabomt€arboSchools?

The contacts between schools and research inst¥aty considerably, ranging from no
contact between scientists and teachers (only @g B a real partnership without help
from the RC. In a few projects other actors areivwed in the collaboration, for example
the regional inspector. This depends on regiondl rational policy differences. Both
teachers and scientists are positive on the cabdion; especially contact with the RC is
easy. An important problem in the collaboratiorthie little available time of scientists,
while the collaboration can be highly improved bgrevisits from the scientists to the
school. Also little interest of scientists may playole. They do not see working with
students as part of their job. However, most te@chepe the contact with the research
institutes will be permanent for arranging otheojgcts in the future. The RC’s are



essential for the conductance of CarboSchoolsarstihools. They intermediate between
the schools and the institutes.

Only two institutes have some policy concerningoselary school activities. The other
institutes worked with schools in this way for tiirst time thanks to CarboSchools. The
objective for this kind of projects from the insté’s perspective is mostly to give
students knowledge and to get students interestextience. It is not difficult to find
schools to work with, especially when the schosperctor is involved, or a network of
partner schools is available for collaboration.tHa specific case of CarboSchools RC’s
themselves also experience a time problem. They mege time to do their job properly,
especially when they are the key player in theatmiation between the schools and the
institute.
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5 Recommendations

CarboSchools was a huge success. Three years \&itly projects and a big variety in
topics, activities, and students is now evaluatadl this has given us important insights.
Students evaluated all projects positively (seep@a?) and many of them even say they
are more interested in a science career thanksetproject. The results of the attitudes
research show that our students in all regions agle environmental awareness and
very positive attitudes towards several aspec&i@nce and climate change, but despite
their positive experience of CarboSchools, thesgudés follow the usual decline
observed during teenage (see Chapter 3).

These findings do not mean that attitudes deddemause o€CarboSchools activities, i.e.
that hands-on experiments and scientist involvemenschools influence attitudes
negatively while, on the other hand, they are appgd by students. What they do
indicate is that the proportion, duration and scopthese activities with respect to daily
classroom activities (and broader external factoase been insufficient to counteract the
mainstream effect.

We can particularly support this with additionafoinmation we obtained from our
interviews with students, teachers, scientists r@gional coordinators (see Chapter 4).
Interviews with students supported the results frihva written evaluations. In the
interviews, teachers and scientists commented ipelsiton the projects. One of the
impacts some of the interviewees referred to isdblaboration between schools and
research institutes, and between scientists arathees This is a valuable result, which
can have a big impact on the way science is tamghigh schools. Expanding this kind
of teacher-scientist-partnerships to regional aational levels will influence science
curricula to a large extent. It will bridge gapsvween school science and real science,
and this may have positive effects on studentsdslchnd career choices.

However, the interviewees also identified many ¢@msts. From the scientists’ side the
lack of time was mentioned as a constraint and treg)/ the feeling that their efforts in
outreach activities with schools were not alwaytued by their superiors. Teachers
pointed out external projects are difficult to implent in the school curriculum.

Schedules have to be adapted, which is not easlypften, a lack of time and money
plays a role here. Rules and standards for studerdsteachers may interfere with the
projects’ implementation within the school currigod. Moreover, extracurricular

activities, such as those offered by CarboSchaois; not be attractive for students who
do not want to spend more time on school activit®&shool authorities did not always
support the participation of schools in CarboSchool

Altogether, developing project-based, hands-onvitiets with scientists’ involvement

currently remain a real challenge in highly consed school systems. This shows the
limits of such experiences within the existing salhgystems and their dominant culture.
CarboSchools illustrates once more that to futhikir promises (and subsequently to
reach a large number of teachers) such activitiesild not be offered as an additional



component to existing overloaded curricula and tabkes, but should be properly
integrated, thus requiring profound changes inithele education system.

Despite these caveats, the findings presented ab@mweey a number of messages for
those with a policy, practical or academic inten@siprojects like CarboSchools. We
noticed some important differences between diffetgpes of projects in appreciation
and impact. Therefore, we will try to answer thiof@ing question: which characteristics
contribute to the success of an authentic sciemogeq? This is difficult answering
because of the huge diversity in characteristidhénregional projects. However, we can
point to some factors that definitely contributetie success of a project.

Active role for studentsTFype of activities in a project like CarboSchodsvery
important for students’ appreciation of the projé@dte activities in which students have
an active role, like presentations or hands-on exy@ats, are more appealing to students
than activities in which they have a more passole,rlike frontal lectures or visits to
institutes. As may be expected, longer projectehaure impact on students than shorter
projects.

Group work- The use of group work in which students can egprcreativity
while working on experiments increases the apptieciaof CarboSchools projects. Their
social skills improve by group work and students lworking in small groups very
much.

Out-of-school experiences The inclusion of out-of-school experiences i th
project enhances the appreciation of a projectdétis like to go out of school, and see
science in a different context than they are usetibwever, it is essential students have
an active role in these out-of-school experienc#berwise they have difficulties to
connect it to previous experiences and knowledge.

Authenticity -The introduction to authentic science is a novitymost students
that make them appreciate such projects more. Wueists learn about the practice of
science, and they learn that science is not ordgritory work. Inquiry based science
education is much more appreciated than predepinglolems and experiments. Students
are also very positive when they set up their ongjegot, from beginning to the end. It
makes them proud and gives them self-confidence.

Contact with scientists The results of our study show students havenkzha lot
from the scientists and they get to know scienasterdinary people that have interesting
jobs. Contact with scientists changes traditiotafedtypes of scientists students have.
This influences students’ ideas about scientiststha attractiveness to work in science
in a positive way.

The activities, the personal contacts between stsdnd scientists, the relevance of the
issues addressed in the CarboSchools projectsndgn@y-based pedagogy, and finally,
the use of group work all gave students a new amg positive experience in science.
CarboSchools has shown to students that scientiéf@sent from what they experience
at school and can actually be interesting and itaporfor their future, both as workers
and citizens. However, it is clear from our restiigt we worked with advantaged group
of students. Most of these students were alreagyasted in science and climate change
and some are even interested in a science care@remand. The real challenge for
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projects like CarboSchools is to reach the othedestts: the ones that are neutral or
negative on science, but who may not know whatadly going on in laboratories.

We believe this study can contribute to researdwithentic science teaching and in out-
of-school science learning. All those concernechwite organisation of projects like
CarboSchools should keep the success factors id.fmnaddition, one should consider
the appropriateness of the project to the studénisight for example be more difficult
to awaken the interest of older students for agmtojAs we showed in the results, schools
in cooperation with science institutes could malkéhantic science projects a success.
Further research into these projects is necessarthé validation of success-factors of
the projects.
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Appendix 1: SET questionnaire

| Project name or code ( to be filled by the coordirar)

CarboSchools

PROJECT EVALUATION QUESTIONNAIRE

Dear Student,
We need your help to evaluate the project that yoparticipated in and completed. Your
cooperation will improve our work.

Al.

A2.
AS.
A4.

A5.
AG.

YOUP NBIME  eititt ettt et e et et et e e et et e e et e e et e e et e e et et eebrrrreeans
(optional):

Gender: 4 female U male

Year of Dith: o
NAME Of o
school:

Grade: Q1 d2 43 04 4as5 de

Who took the O my parents O school director 4 a science teact

initiative to QO afriend U myself

take part in this U other, please Write..........cccccoouiiiiiecercc e

project?

For the following statements, please TICK ONLY ONEBOX corresponding to your
response and ANSWER ALL QUESTIONS. When we use theords “science” we mean
chemistry, physics and biology.

Strongly
disagee
Disagree
Agree
Strongly
agree

A7.
A8.
A9.

A10.
All.
Al2.

My interest in science topics is Ic

My grades for science subjects are t

We do a lot of sciece at schoc

| like science lessons more than other lessonshaiot

It is difficult to understand scientisf

(I Ty [y Ny Ny I
(I Iy Ny Ny Ry I
O000O0Do
O0000Do

Most scientists are borin

Please see the back of the

page




Project name or code ( to be filled by the coorditor)

****
I . )
oot ch
>= 3 >
585 8 23
°on 3 = 5
no° AN n
B1. This project was well organized. a 4a a Q4
B2. | enjoyed this project very much. a 4a a Q4
B3. Ilearned many new things from this project. a 4a a Q4
B4. This project was too difficult. a 4a a Q4
B5. The instructions for the project were clear. a 4a a Q4
B6. This project made me understand Climate Chan%?
_ _ a a d
studies are very important for human future.
B7. 1 would like to work on projects like this more eift. a a a a
B8. Ilike learning science in this way. Q Q Q d
B9. The supervisor's explanations helped me to undetsta a a a

this project.

U
U
U
[

B10. My overall opinion on this project is good.

U
U
U

B11l. My knowledge was sufficient to understand thisecto) O
B12. Ilearned very much from the scientist(s) inthisjpct. 0 O QO Q4
B13. This project made me realise that people can affect

climate change.
B14. This project makes me more interested in choosing a

scientific career.
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| Project name or code ( to be filled by the coordiator)

* 4k

CarboSchools

Please, answer the following questions accordirthgdCarboSchools’ project that you
participated in.

Cl. What did you like most during this project?

C2. What did you dislike most during this project?

C3. What did you learn during this project?

C4. What suggestions do you have to improve this pt@jec

Thank you for your cooperation
This document is only for the use of Carbosch@@B) ProjectCar boschools is a project
recei ving fundi ng EU under grant agreenent nunber 217751. Results from
this evaluation will be published only anonynously.



Appendix 2: AQ questionnaire

Project name or code ( to be filled by the coordinar)

CarboSchools

ATTITUDE QUESTIONNAIRE

CarboSchools AQ1

Dear Student,

For the following questions, please TICK ONLY ONE BDX corresponding to your response and

ANSWER ALL QUESTIONS. It will take about 15 minutes to fill in.

Part A
1. | Name (optional)
2. | Gender 4 Female 4 Male
3. | Age
4. | Name of the school
5. | Grade
6. | What is the total number of science lessons ima
ordinary week (sum of biology, chemistry, physics | ..... science lesson(s)
and/or science lessons)?
7. | How often is practical work (experiments etc.) art of U At least once a week
science lessons? U At least once a month
U4 Seldom or never
8. | My grades for science subjects are U High U Moderate QO Low
9. | Mother education level (completed school) U Less than primary education
Q Primary school
4 Secondary school
4 Higher education
10. | Father education level (completed school) U Less than primary education
U Primary school
U Secondary school
U Higher education
11.| Does anyone in you family have a higher educati U Yes, both parents
grade in science or engineering? U Yes, one of my parents
U No one
12.| Did you participate in a Carboschools project efore? U Yes U No

Please see the back of the page
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Part B

For the following statements, please TICK ONLY ONEBOX corresponding to your
response and ANSWER ALL QUESTIONS. When we use theords “science” we
mean chemistry, physics and biology.

g g
I
7 n
1. | Ilearn interesting things in science less d d d d a
2. | | am careful not to waste wat d d d a a
3. | Working in a laboratory would be interesti d d d d a
4. | 1 would like to do less scnce at schoc d d d d d
5. | People should care more about climate chi d d d d d
6. | Money used on scientific projects is was d d d d a
7. | Scientists work for the good of human d d d d d
8. | I look forward to science lessor d d d d d
9. | I am careful not to waste for d d d a a
10. | Scientific discoveries are doing more harm thand d d d d a
11. | Climate change should be given top prio d d d d d
12.| What I learn in science lessons is useful for d d d a a
13. | | separate mostf my waste for recyclin d d d d a
14. | It is annoying to see people do nothing for thenate| U d d d a
change problems.
15. | Scientists do not have enough time to spend wéh d d d d a
families.
16. | Science can help to make the world a bettece in the d d d d d
future.
17.| When | leave school, | would like to work with pé® d d d d a
who make discoveries in science.
18. | Scientists are less friendly than other pe« d d d d a

Please see the back of the page




d g

LRI

5 N
19. | | prefer to use public transport or bicycle over. d d d d d
20.| Science lessons are fu d d d a a
21.| Scientists do not care about other pers d d d d a
22. | I would like being a scientist after | leave ool. d d d d d
23. | | always switch off the lights when | leave aro d d d d a
24. | People worry too much about climate cha d d d d a
25. | Policy decisions should be more based on whattsis | U d d d d

say.

26.| A job as scientist wdd be interesting d d d d d
27. | The seriousness of climate change has been exégg | U a a a a
28. | | always turn off the computer when | don’t use d d d d a
29. | Science is man’s worst ener a a a a a
30.| Science is one of the interesting ool subject: d d d d d
31. | Scientists are as fit and healthy as other pe d d d d d
32. | | try to save energ) d d d d d
33.| Science lessons bore 1 a a a a a
34. | Science helps to make life bet d d d d d
35, | Climate change is a threat tee world d d d d a
36. | | feel it's important to take good care of the eamiment | U d d d a
37. | A career in science would be dull and bor a a a a a
38. | Money spent on science is well worth spenc d d d d a
39 | Scientists do not have many fries. d d d d a

Please see the back of the page
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Part C

For each of the following statements, please TICK RLY ONE BOX whether this
statement is true, false or you don’t know. Pleas@NSWER ALL QUESTIONS.

3
[}
3|2 |2
= LL —
o
o
1. | The most of the cuent Climate Change is due to greenhouse ¢ d d a
generated by human activity.
2. | If my city will have a heat wave this summer, itane climate i d d a
changing.
3. | Climate change is only defined as the rising ofgerature of thi d d a
earth’s surface.
Climate change is a result of the ozone layer baugpthinner d d d

Climate Change is partly caused by the increasthénemission o| U d d

heavy metals.

U
U
U

6. | Rise in sea level and drought are some of the quesees of Climat

Change.

7. | There is a direct link between Climate Change &ntcancel

8. | The ocean can absorb ,emitted by human

9. | Because of Climate Change an oxygen deficiencyatan

10. | Because of climate change the water in seas araoht will expand

11. | The acidification of forest is a result of Clim&éange

) |y Ty Iy N Iy
) |y Ty Iy N Iy
) |y Ty Iy N Iy

12. | Because of climate change certain plants and asimal becom

extinct.

Thank you for your cooperation!

This document is only for the use of Carbosch@@B) ProjectCar boschools is a project
recei ving fundi ng EU under grant agreenent nunber 217751. Results from
this evaluation will be published only anonynously.
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In this manual, you will find general informatiob@ut the Carboschools (CS) Self
Evaluation Tool (SET) and the Attitudes Questionea{AQ).

1 Aim of the Questionnaires

Carboschools’ partners come from different backgdsuand perspectives and are
managing their projects in different ways. The doesaires therefore contain questions
common to all, but the SET also contains open questthat can be different from a
partner to another.

The aim of the SET is to give feedback to regiawirdinators (RC), scientists
and teachers about the project. Results of thikiatian do not give you a bad or good
score. It only compares pupil’s opinions of scienqm®ject organization, enjoyment and
difficulty of the project, and project’s impact students with your own impression.

The aim of the Attitudes Questionnaires (AQ) isrteasure the changing attitudes
of pupils towards science, school science and térahange during the CS projects. The
questionnaire is conducted before (AQ1) and af€)2) the project and the results will
be compared by WP4. A knowledge test will also &k pf the AQ.

The questionnaires may be implemented by RCs afsbignce) teachers from
schools in which pupils are involved in the project

2 When which Questionnaire?

This school year (2009-2010) a distinction willrbade between projects.
* Project type 1: projects that last at least 10 siger pupil.
* Project type 2: all the other projects.

The SET will be implemented in projects of both dgp The AQ will only be
implemented in projects of type 1, because a cersiidle amount of time spent in the
project is needed farthangingattitudes.

An overview:
Before project during project after project rdaweek)
AQ1---- (send to WP4) Project type 1 AQ2-SET(send to WP4)

Project type 2 SET ---- (send to WP4)

The pre-test of AQ is called AQ1. This question@ahould be implemented before or
right at the start of a project. The post-test & Will be combined with the SET, in the

combined AQ2-SET questionnaire. In this way timel affort is saved for pupils and

teachers/RCs to fill in one questionnaire in steatvo. It also enables WP4 to conduct
more detailed analyses on individual level. The ARET or SET should be implemented
at the end of the project (not later than a weéder dfie project ended).
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3 Structure of the SET

For the evaluation of the projects, we developgdestionnaire to be filled in by pupils it
is composed of three parts: A, B and C.

In Part A, there are some background questions about puggsdender and
grade. Further, it is possible to investigate tm#luence of pupil background
characteristics (age, gender, interest in sciegi@es for science subjects etc.) on their
perceptions of the project. This section is froregfion Al to AG6.

Part B, consists of closed questions in four item Lilsréle from strongly agree
to strongly disagree. These are questions A7 ta Bligils tick their answer by choosing
the alternative most appropriate to their viewtdat methodology, it is common to ask
opinions by posing some more or less similar qaesti For this reason some of the
questions seem to overlap.

As for third part of the questionnairBart C, there is no fixed set of precisely defined

questions. Items in this part may include pupiksgonal ideas on the project and you can
have opportunity to ask opinions, specific for ypusjects. This section can require more
time and thought than closed questions. That's Wheynumber of question should be

kept low. Regional coordinators can reorganizedlwpgestions according to their specific

projects. The anwers are not analyzed by WP4.

4 Structure of the AQ1

The AQ1 consist of three parts.

In Part A,there are some background questions about pukésgkender, grade,
parent’s education level, and science lessons.nitse extensive than the background
variables asked in the SET. This section is fromstjon 1 to 12.

Part B consists of closed questions in five item Likedls from strongly agree to
strongly disagree. These are questions 1 to 39. Fdnit of the questionnaire measures the
attitude of pupils towards science, school sciemee climate change. Pupils tick their
answer by choosing the alternative most approptaatkeir view. In test methodology, it
IS common to ask opinions by posing some moress $émilar questions. For this reason
some of the questions seem to overlap.

Part C consists of a 12 items knowledge test about cBmelbange. The
statements could be answered “true”, “false”, arid know”.

The total number of items in AQ1 is 63. It will mkabout 15 minutes to fill in this
questionnaire.

5 Structure of the AQ2-SET

This combined questionnaire AQ2-SET consists ofRhdgs A, B and C from AQ1 and
Parts B and C from the SET. Theref@&art A, B, and Gwill be the same as in the pre-
test AQ1. Part B and C from the SET will be calRatt D and Ein this questionnaire.

The total number of items is 83, and 4 open questipart E). It will take about 20
minutes to fill in.




6 Translation

The questionnaires were developed in English, tbekiwg language of the project. The
SET was translated into the partner’'s national Uagg by regional coordinator§he
AQ1 and AQ2-SET should be translated very soon by Bs.

Back translation is the most frequently used walydoslate the source version of
the test (generally English language) into theamati languages, then translating them
back to and comparing them with the source of lagguto identify possible
discrepancies. But there is no time left for baehslation. Projects will need the AQ1
very soon.

Instead of this, you are asked to take particulae dranslating the following
items. In this section definitions were given ofr® important concepts that were
necessary to understand the questionnaire moesiftiiy and would therefore be helpful
in the translation.

For Part B
Science lessonsThis covers all physics, chemistry, biology, inéégd science or
combined science lessons in all kind of schoolsame countries geography classes are
included (Germany).

For example:

1. I learn interesting things Btience lessons
Scientist: Any professional involved in science —techniciangieeer, PhD student,
senior scientist, ex- scientist, science commuoisatc.

For example:

7. Scientistsvork for the good of humanity.
In SET,scientist(syefers to specific individuals; the pupils havetities scientist. In AQ
scientist(syefers to a wider image of scientists.

For other questions about translations, feel feeask WP4 researcher Elma Dijkstra
(e.m.dijkstra@rug.nl

7 Implementation

The AQ1 questionnaire should be implemented beforat the start of the project. The
AQ2-SET (project type 1) or the SET (project typg Questionnaire should be
implemented near the end of a project, no laten thaveek after the last activities.
Sometimes it is preferable to administer questioesashortly before finishing the
project. Implementation can be carried out by regicoordinators or by the teacher. If
this process is carried out by regional coordirgt@llow the instructions below. If this
process is carried out by teachers, see the Quoaesiie Implementation Manual for
Teachers (Appendix D).This document needs to bestaiged by regional coordinators to
the national language of the partner. On the cpege (Appendix A, B, or C), you are
invited to write additional remarks, for instandeoat the situations which might have
influenced pupils’ answers on the questions.
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7a Before implementation

Keep the form the same as in the English versioyour translated version using Times
New Roman, Font Size=11 with 1.5 space. Use onetspented on both sides for parts
A, B, C and D. Open-ended questions (Part E) shbelddded to the questionnaire. Part
E should be on a separate sheet and will not befeemnalysis to Groningen (WP4).
Write the project name and school name on the mqumestire before producing copies.

7b During Implementation

» Remind pupils about the importance of giving answterall questions and not to
skip any of them including open-ended questions.

* Be sure all pupils who participated in the projélttin the questionnaire. The
missing data can affect our results.

* Implementation duration i85 minuteson average for AQ120 minutedor AQ2-
SET. Do not give less than 15 of 20 minutes forilsupo complete the
guestionnaires. Some respondents will completéeearl

» Please pack each class/group papers seperately.

7c After Implementation

Open ended questions of the questionnaires are tséd by regional coordinators. Part
A — D of AQ and Part A and B of SET will be sent@oningen (WP4) for further
analysis. Cover Page for AQ1, AQ2-SET, or SET (8ependix A, B, or C) goes along
with the questionnaire to give some backgroundrmédion about the project. It focuses
on one projectthat might involve different schools or groupsed&e write the name of
the project in Question 3. Then, fill in the talgigen in Question 4. You can see the table
below as sample for this question.

Number of Pupils
Name of the School | Type of the SchoaglGrade Girls Boys
1. | X General 9 23 20
2. 1Y Vocational 10 35 30
3. |Z General 11 2 1

* Do not mix school/class/group data

» If there is more than one school, pack each soti@t@l separately and check if the
school name has been completed in Question A4.

* Fillin Cover Page. There is no page limitation tlois document. Please feel free
to extend the number of pages, if the given spao@t enough for your answer.

* Then, package all completed forms together andgmene package.

* Send all evaluation forms and cover pages to Ggam (WP4)

* If you have a small group with few participantspoounicate with WP4 about
the way data will be analyzed.

* Do not throw away the original forms, if you havensthe data to Groningen
(WP4) electronically. All forms should be sent too@ingen (WP4).



8 Postal address

Elma Dijkstra, IDO, Faculty of Mathematics and tal Sciences, PO Box 40
9700 AK Groningen, the Netherlands

Tel: + 31 (0) 50 363 49 45

e.m.dijkstra@rug.nl
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Appendix 3A:Questionnaire Implementation Manual fa Teachers

A

* K

* *
* * é @
***** e Ve

CarboSchools

QUESTIONNAIRE IMPLEMENTATION MANUAL for TEACHERS

Dear Teacher,

This manual is prepared to help you to implemeatghestionnaire(s). If you have
any questions, contact with the Carboschools regdjicoordinator.

* Write the project and school name on the questioana indicated places before
producing copies.

e Give at least 15 minutes (SET or AQ1) or 20 min@rel2-SET) for your pupils to
complete the questionnaire.

* Remind your pupils about the importance of givimgwers to ALL questions and
not skip any of them.

» Check that all pupils who participated in the pooj@l in the questionnaire.

« Please pack each class/group separately.

* Return all original papers to your regional cooadar.

Contact information for regional coordinators
Regional Coordinator

Name, Surname:

Address:

Telephone:

E-mail:



Appendix 4: Spring School Evaluation Report

Max-Planck-Institut
fur Biogeochemie

SEVENTH FRAMEWORK
PROGRAMME

CarboSchools Spring School
Jena (Germany) 10-16 April 2010

Evaluation Results

This evaluation concerns:

1) General Aspects

2) Workshops

3) Group Work

4) Teacher Sessions

5) Usefulness of Spring School

About the Spring School:

The Spring School has gathered small teams of students (aged 15 & more) & teachers from 7
countries to create a unique educational experience around:

- thematic workshops for students to learn and practice exciting science about global change
topics, with in parallel open meetings between teachers to discuss project ideas &
cooperation

- group work for students to jointly produce short presentations communicating their findings
to a wider audience

- acultural & event day to discover Jena in a creative and original way

- a one-day Global Change Science Festival where all participants have shared their
experience & project outputs with external scientists & educators

The Spring School took place at Landschulheim "Stern", a guesthouse for schools & youth camps
located in the forest above Jena on top of a limestone hill - 30 minutes by foot from the city center.
Recently renovated and located in a beautiful natural environment, this place offered great facilities
for creative group sessions as well as for socializing. The Science Festival took place in the main
hall & auditorium of the Max Planck Institute for Biogeochemistry.
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1 General Aspects

Some general aspects of the Spring School are evaluated separately. In table 1 the average
appreciation scores of these general aspects are presented.

Table 1.
Average appreciation score (1 = very bad - 5 = very good) on general aspects

Aspect Average score Average score
students teachers
(n =44) (n=14)
Cultural & Event Day / Conference Day 4.4 3.8
Global Change Science Festival 3.9 4.2
Organization 4.0 4.1
Accommaodation 4.2 4.0
Food 2.8 2.2
Meeting students / teachers from other countries 4.7 4.9
Speaking English 4.3 4.4
Overall opinion on Spring School 4.4 4.2

The evaluation of the Spring School is both for students and teachers very positive. The food was
evaluated very negatively by the Italian students, but the other students were less negative. All
teachers and students are very positive about meeting students and teachers from other countries.
This also goes for speaking in English. Finally, the overall opinion on the Spring School is (very)
positive with 4.4 for students and 4.2 for teachers.

2 Workshops

The thematic workshops took place from Sunday to Tuesday morning. The different topics are
presented with the appreciation scores (only students) in table 2.

Table 2.

Average appreciation score (1 = very bad - 5 = very good) on thematic workshops (n = 44)

Workshop N Supervision during Overall opinion on
workshop workshop

Atmosphere 13 4.1 3.9

Oceans 11 4.7 4.4

Soils 12 3.9 3.8

Forests 9 4.3 3.6

Average score 4.2 3.9

It seems the students are very positive about the thematic workshops. In particular, the oceans
workshop scores very well.



3 Group Work

The thematic workshops took place from Sunday to Tuesday afternoon. The different group works
are presented with the appreciation scores (only students) in table 3.

Table 3.
Average appreciation score (1 = very bad - 5 = very good) on group works (n = 44)

Group work N Supervision during Overall opinion on
group work group work
Flash mob 7 4.6 4.3
Eco-cluedo 7 3.9 4.4
Climate-neutral art 4 4.3 4.8
Street Art 6 4.0 4.7
Monster PET 6 4.7 4.3
Dante e Virgilio 3 3.7 3.7
Documentary 6 4.2 4.0
Politics 5 4.8 4.8
Average score 4.3 4.4

It seems that the students are very positive about the group works as well. In particular, the politics
group work scores very well, which also appears from the answers to usefulness question 1 (in the
last paragraph).

4 Teacher sessions

The teacher sessions took place from Sunday to Tuesday morning. The different aspects are
presented with the appreciation scores (only teachers) in table 4.

Table 4.
Average appreciation score (1 = very bad - 5 = very good) on teacher sessions (n = 14)

Aspect Average score
Coaching during teacher sessions 4.1
Usefulness of teacher sessions 4.1
Overall opinion on teacher sessions 4.1
Reading first draft of CarboSchools booklet 3.9

Table 4 shows a positive score on all aspects of the teacher sessions. In particular, the e-twinning
session was evaluated very positive, as will be shown in the next paragraph.
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5 Usefulness of Spring School

1) Which session(s) was (were) the most useful to you and why?

STUDENTS

Most popular answer was the thematic workshop (16 students). Furthermore, the flash mob (8
students), the group works (7, in particular politics), and the poster session (4) were also useful to
the students. 3 students answered “meeting everyone” as the most useful, and salsa was
mentioned by 2 students.

TEACHERS

De e-twinning session was answered by 10 teachers as the most useful session, because they can
use this tool later on. The poster session during the science festival was answered by 2 Italian
teachers.

2) Which session(s) was (were) the least useful to you and why?

STUDENTS

Many students didn’t answer this question, or said that all sessions were useful. For the students
that did answer this question, most popular answers were the group work (9 students, in particular
eco-cluedo) and the thematic workshop (4 students).

TEACHERS

The most popular answer was the reviewing / correcting material (CS website, booklet). 1 teacher
missed a discussion about the booklet. Further, the science festival was experienced as too long
by 3 teachers.

3) Of all the things that you learned while at the Spring School, what would you like to learn more
about?

ONLY FOR STUDENTS

The students gave many different answers on this question. Most popular answers were specific
topics they've learned about in the thematic workshop; politics; actions to stop/reduce climate
change problems; and some students would like to learn more about salsa.

3) Are you considering implementing anything particular in your classroom as a result of your
participation?

ONLY FOR TEACHERS

Most popular answer is the use of experiments that were demonstrated during Spring School (7
teachers). 3 teachers answer the future use of e-twinning. 2 teachers will give presentations about
the Spring School to their other students at home.



Appendix 5: Overview projects 2008-2010

*

Year: 2008/2009 (1), 2009/2010 (2), 2009/2010 (3)

Topic: Forests (F), Ocean (O), Atmosphere (A&)IsSS), River (R), Citizenship (C)

Group: Whole class (W), Small group (S), Induadi(l)

Type of activity: Literature Research (LR), CortgguWork (C), Frontal Lectures (F), Hands on experits (H), Presentation by students (P), Site (@jitLaboratory visit (L)
Relation project and curriculum: Graded & compi4650), Graded & Voluntary (GV), Non-graded & Contgory (NO), Non-graded & Voluntary (NV)

Approach: Inquiry based science education (QnEal lectures (F), Predefined problems and exparim(P)

Type of partnership: 1 = Teacher - Research WiatRC), 2 = "Half" Teacher - Scientist (via RC)y=3eacher - Scientist (no RC), 4 = Pupil - Scenti
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_ 1 Les flux de carbone (Jauffre Rudel) AQ (34/26) 2 34 19 15 Lycee Jaufre Rudel 20 15.4 O,AR Wi C,F,HPSL GO | 2
% 2 L'affaire Carbo AQ (31/32) 2 31 19 12 | Lycee Agro-viticole de Blanquefort 65 | 155 | F, S A w LR,C,F,H,P,S, | GO | 1
> 3 Cailloux fleuris AQ (11/8) 2 11 5 6 | Lycee dela Saugue 40 | 152 | F, S, A £ LR,C,F,H,P, S, NV | 1
i 4 Carboschools at max linder SET 1 45 26 19 | Lycee Max Linder, Libourne 100 | 162 | F,A C w LR,C,F,H,P,S, | GV | 1
= AQ (35/30) 2 35 17 | 18 | Lycee Max Linder 90 [ 152 | F,AC W | LR, C,F,H,P,S, | GV | 1
% 8 Carboschools Saint Cricq AQ (32/33) 2 32 11 21 Lycee Saint Cricq 40 15.3 F, S, A W LR,C,F,H,P,S, GO | 1
E 9 The Greenhouse Effect and the Gironde Estuary AQ (14/12) 2 14 12 2 College Paul Emile Victor, Branne 30 14.4 O,AR W LR,C,F, H, S, L NV | 2
T 10 Carboschools Graves 2009 AQ (19/19) 2 19 6 13 | Lycee des Graves 50 | 151 | A OF S LR,C,F,H,P, S, | GO | 1
8 11 Carboschools Ellul AQ (10/9) 2 10 5 5 | College Jacques Ellul 58 | 140 | F,SSAC | W LR,C,F,H,P, S, NV | 2
@ 12 Personal project - the study of school tree cores to determine local past AQ (3/0) 2 3 0 3 | Lycee Max Linder 60 | 15.7
= climates F S LR,C,H, P GO | 4
2 13 Carboschools Condorcet 2009 AQ (28/21) 2 28 13 15 Lycee Condorcet 90 15.3 F, S A W LR,C,F, H, S, GO | 1
& 20 C4 AL Andernos-les-Bains AQ (25/24) 2 25 10 15 | College Andre laHaye 38 | 141 | O,AR W LR,C,F, H,P GV | 3
21 ICBF Pau AQ (66/65) 2 66 30 36 | Lycee Immacule Conception 10 | 155 | F,A O w LR, F GC | 1
22 Le changement Climatique - Pierre de Fermat AQ (25/25) 2 25 13 12 | Lycee Pierre de Fermat 50 | 153 | F,S,A w LR,C,F,H,P, S, | GO | 1
44 Carboschools Berthelot AQ (14/0) 2 14 6 8 | College Berthelot 20 | 134 | S,A O w LR,F, H,P GO | 8
41 Carboschools a Lycee Condorcet SET 1 25 9 16 Lycee Condorcet, Bordeaux 100 16.1 F, S A W LR,C,F,H, S, P GO | 1
42 Graves affiche SET 1 11 9 2 Lycee des Graves, Gradignan 100 15.8 F, A W LR,C,F,H,P, S GO | 1
43 Etude des Particules presentes dans les eaux fluviales SET 1 18 11 7 College Paul Emile Victor, Branne 40 14.9 O,AR W LR,C,F, H, S, L NV | 2
5 Atmospheric CO2 —ITC in Poppi AQ (40/11) 2 40 26 14 | lIstituto Tecnico Commerciale, High school for 20 | 153 2
2 business, Poppi A w FIH NV F
E 6 Atmospheric CO2 —Liceo in Prato AQ (15/24) 2 15 11 4 Liceo Scientifico Niccolo Copernico, Prato 25 16.1 | A S H NV | 4
@ 7 Atmospheric CO2 - ITAS in Florence AQ (18/2) 2 18 4 14 Istituto Tecnico Agrario, High vocational school for 50 17.7 4
= agricolture, Firenze A | [ NV
— 18 The soil does a breath SET 1 14 5 9 | Liceo Scientifico Niccolo Copernico, Prato 35 | 170 | S w H NV | 4
%1- AQ (10/7) 2 10 5 5 | Liceo Scientifico Niccolo Copernico, Prato 3 | 171 | s w H NV | 4
S 52 Bossoleto as natural laboratory for CO2 AQ (0/19) 2 19 9 10 | S. Pertini Secondary School, Rapolano 15 | 133 | A W S NV 2
@ 31 Meteo at home SET 1 2 0 2 Liceo Scientifico Niccolo Copernico, Prato 15 19.0 | A S H NV 8
32 CO2 at school SET 1 20 5 15 | Liceo Scientifico Niccolo Copernico, Prato 10 | 170 | A w H NV | 8
33 Photosynthesis, | measure it SET 1 11 5 6 | Liceo Scientifico Niccolo Copernico, Prato 15 | 179 | A w H NV | 2
34 CO2 web SET 1 20 3 17 Istituto Tecnico Agrario, High vocational school for 5| 174 4
agricolture, Firenze A | C NV
35 Plants and Natural CO2 springs SET 1 42 20 22 S. Pertini Secondary School, Rapolano 13 130 | A w S NV 2
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36 Sustainable agriculture vs greenhouse effect SET 1 46 11 35 | IS Alberti 20- 183 | S w H NV 1
IPAA Vetrone 100

- 14 Carboschools Bergen SET 1 62 29 33 | Bergen Kathedralskole 30- 18.6 W H,F C LR, S GO

& Bjorgvin Videregaende Skole 65 o

58 Danielsen Videregande Skole P 3

o AQ (0/55) 2 55 27 | 28 | Bergen Kathedralskole 30- 17.3

: Bjorgvin Videregaende Skole 45 o W | HF,CLR S GO 3

[} Danielsen Videregande Skole P

‘r-g 50 Bergen project 3 biology kathedralskole IB (spring 2010) AQ (15/13) 2 15 8 7 | Bergen Kathedralskole 18 | 16.7 | O W H F C LR, S GO P 3
53 Bergen Danielsen (fall 2010) AQ (4/4) & 4 1 3 [ Danielsen Videregande Skole 20 | 178 | O W H F C LR, S GO P 3
54 Bergen Bjorgvin (fall 2010) AQ (11/8) B 11 9 2 | Bjorgvin Videregaende Skole 16 | 181 | O W H,F,C,S, L GO P 3
55 Bergen Katedralskole technology & research (fall 2010) AQ (16/12) 3 16 0 | 16 | Bergen Kathedralskole 16 | 174 | O W HF,.CS L NO P 3
56 Bergen Danielsen Science & Technology (spring 2010) AQ (12/0) 2 12 2 | 10 | Danielsen Videregande Skole 9 [ 172 | O W H,S,F GO B &
57 Bergen Katedralskole biology (fall 2010, 5] 7 8 | Bergen Kathedralskole 16.7 | O W H P &

19 Stage CIO + NLT meten en interpreteren AQ (3/3) 2 3 0 | Unic Utrecht A S H, P, p 4
46 Lessenserie CO2 AQ (19/20) 2 19 14 5 | Maartenscollege 7 1167 | A W C,F,.H GO FP &
47 Opdracht technasium Zernike CO2web AQ (2/0) 2 2 0 2 | Zernike Technasium ? 175 [ A S LR, GO | 1
49 NLT Meten en Interpreteren AQ (14/13) 2 14 6 8 | Christelijk Lyceum Delft 40 | 174 | A W C,F, GO FP 2
28 Profielwerkstuk SET 1 2 2 0 Maartenscollege ? 18.5 A S LR,C, H, P, L GO | 4
45 DoMUS in Scienceweek SET 2 5 1 4 | Willem Lodewijk Gymnasium 25 | 162 | A C S L 2 | 4
48 Girlsday 22 april SET 2 4 4 0 | Werkman 8 140 [ A S L NV | 4

25 Treibhaus Erde SET 1 7 4 3 | Ernst Abbe Gymnasium 5| 156 | A w H NV P 4
Otto-Schott Gymnasium A W H NV P 4
26 Baum & Klima SET 1 10 2 8 | Carl Zeiss Gymnasium 1 131 | A F W H NV P 4
27 Ich sehe was, was du nicht siehst - forschen mit Satellitenbildern SET 1 6 6 0 | Jenaplan Schule 5 | 177 | F | © NV P 4
(Fernerkendung) 1 15 4 | 11 | Elisabeth Gymnasium 6 | 159 | F | C N | P 4
39 Bodenprojekt SET 1 15 7 8 | Elisabeth Gymnasium 6 [ 155 [ F W H NV =} 4
40 Forstprojekt SET 1 16 11 5 Elisabeth Gymnasium 6 15.7 F | H NV P 4
51 CO2 projekt SET 2 17 8 9 | Carl Zeiss Gymnasium 5| 155 | A w H GO | 4
Prof. Franz Huth Possneck GO | 4
Roman-Herzog-Gymnasium Schmoell NV | 4
Martin Andersen Nexoe Gymnasium Dresden NV | 4
59 Girls Day 2010 Treibhaus Erde/Boden SET 2 5 5 0 | Landesschule Pforta 3 | 16.0 | AS w H NV B 4
Diesterweg Gymnasium Plauen NV P 4
Pestalozi Gymnasium NV P 4







Appendix 6: Correlation matrix part D of the SET
Table 4: Correlation matrix (** correlation is sifjnant at .01 level 2 tailed, * correlation is sificant at .05 level 2 tailed)

77

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 | D11 | D12 | D13 | D14 | D15 | D16 | D17 | D18 | D19 | D20
D1 My interest in science topics is lof 1,000 -,307" - 4477 3157 264" -,162°| -1167| 231" -,199°| -160°| -123"| -120°| -,1207| -,072 -,312"
D2 My grades for science subjects a| -,307°| 1,009 ,214°| ,422°| -104°| -080°| ,103"| ,186"| ,161" ,128"| ,087"| ,201"| 210" ,175°| ,211°| ,247°"| ,198°| ,077"| ,269"
high

D3 We do a lot of science at school ,214"| 1,009 ,085"| ,113" ,086"| ,004"| ,147°| ,078"| ,137° ,062| 1157 ,179°| ,097°| ,137°| ,104°| ,071
D4 | like science lessons more than | -,447°| ,422°| 085°| 1,000 -178"| -180°| ,060| ,135°| ,130°| -,058 ,067| 179" 2057 ,122"| ,142"| ,118"| ,135 ,430°
other lessons at school

D5 It is difficult to understand ,315"| -,1047| ,113"| -178"| 1,000 ,428" -,060| -038 ,297 -164"| -113"| -070 -,090 -,174"
scientists

D6 Most scientists are boring ,264°| -,080°| ,032 -180°| ,428°| 1,000 -165"| -239°| -187"| ,298"| -137"| -122"| -263"| -235°| -170"| -211"| -097"| -172"| -112"| -,259"
D7 This project was well organized -,0258 ,103°| ,086"| ,060 -165°| 1,000 ,551"| ,440"| -135"| ,435°| ,254"| 274"| ,335°| ,375°| ,489"| ,123"| ,358"| ,254°| 218
D8 | enjoyed this project very much | -,162"| ,186°| ,094"| ,135°| -060| -239°| ,551°| 1,000 ,575°| -196°| ,377°| ,327"| ,536°| ,518"| ,394"| ,591°| ,(124"| ,417| ,307°| ,325
D9 | learned many new things from t| -,116"| ,161°| ,147°| ,130° -187°| ,440"| 5757 1,000 -114°| ,345°| ,364°| ,359°| ,414°| ,420°| ,505°| ,090°| ,4907| ,291°| 267"
project

D10 This project was too difficult ,231° ,078"| -058| ,292"| ,298"| -135°| -196°| -114"| 1,000 -112 -204"| -183"| -108"| -139"| -139"| -077°| ,060| -,087
D11 The instructions for the project ,128"| ;132" -137"| 435" ,377"| ,345"| -117"| 1,000 ,256"| ,253"| ,335"| ,366°| ,452°| ,187"| ,359"| ,280°| ,170°
were clear

D12 This project made me understa ,087" ,067 -122"| 254" 327" 364" ,256"| 1,000 ,263"| ,285"| ,284"| ,345"| ,130"| ,352"| ,499"| ,235
climate change studies are very

important for human future

D13 I would like to work on projects | -,199"| ,201" A79°| -1647| -263°| 274" ,536°| ,3597| -204°| ,253"| ,263°| 1,000 ,614°| ,288"| ,467°| ,115°| ,337| ,220°| ,386
like this more often

D14 | like learning science in this wa| -,160"| ,210°| ,062| ,205"| -113"| -235°| ,335"| ,518"| ,414"| -183"| ,335"| ,285"| ,614°| 1,004 ,380"| ,518"| ,197°| ,413"| ,226"| ,337
D15 The supervisor's explanations | -,123"| ,175°| ,115°| ,122"| -070| -170°| ,375°| ,394"| ,420°| -108"| ,366°| ,284"| ,288"| ,380°| 1,000 ,465°| ,191°| ,461°| ,312°| ,229
helped me to understand this project

D16 My overall opinion on this projeq -,120"| ,2117| ,179"| ,142" -211°| ,489°| ,591"| ,505°| -,139"| ,452°| ,345"| ,462"| 518" ,465°| 1,000 ,249"| ,494°| 377" ,326
is good

D17 My knowledge was sufficient to| -,120°| ,247°| ,097"| ,118"| -090"| -097°| ,123"| ,124"| ,090"| -139"| ,187°| ,130"| ,115°| ,197°| ,191"| ,249"| 1,00 ,195°| ,183"| ,139
understand this project

D18 | learned very much from the -,072"| ,198"| ,137°| ,135 -177°| 358" ,417°| ,490°| -077°| ,359°| ,352°| ,337°| ,4137| ,461°| ,494°| ,195°| 1,000 ,343"| ,324°
scientist(s) in this project

D19 This project made me realize th ,077"| ;104" -117°| 254"| ,307°| ,291°| ,060| ,280°| ,499°| ,220°| ,226°| ,312°| ,372"| ,183"| ,343"| 1,000 ,224°
people can affect climate change

D20 This project makes me more -317"| ,269°| ,071| ,430°| -174"| -259"| ,218"| ,325"| ,262"| -087°| ,170°| ,235°| ,386"| ,332°| ,229"| ,326"| ,139"| ,324°| ,224"| 1,000

interested in choosing a scientific
career




Appendix 7: Table 2.7 about students’ opinions peinstitute

Table 2.7: Students’ opinions on the regional mioper institute (n=1370)

D7 This project was D8 | enjoyed this D9 | learned many D16 My overall
well organized project very much  new things from opinion on this

D17 My knowledge

was sufficient to

D18 | learned very
much from the

D19 This project
made me realize that

D20 This project
makes me more

this project project is good understand this scientist(s) in this people can affect  interested in choosing
project project climate change a scientific career
Count Column Count  Column Count Column  Count Column  Count Column  Count Column  Count Column Count Column
Valid Valid Valid N % Valid N % Valid N % Valid N %
N % N %
Inra strongly disagree 25 6% 25 6% 21 5% 10 3% 26 7% 13 3% 12 3% 82 21%
Bordeaux  disagree 36 9% 35 9% 41 10% 28 7% 57 14% 29 7% 25 % 6 90 23%
agree 134 34% 163 41% 147 37% 125 32% 134 34% 164 2% 4 112 29% 147 37%
strongly agree 202 51% 175 44% 188 47% 233 59% 178  45% 189 48% 242 62% 75 19%
CNR- strongly disagree 5 2% 6 3% 4 2% 7 3% 10 5% 5 2% 8 4% 31 14%
IBIMET disagree 38 17% 28 13% 31 14% 16 7% 54 24% 32 14% 0 3 14% 92 42%
Firenze agree 131 59% 126 57% 133 61% 155 70% 131 59% 143 5% 6 109 50% 65 29%
strongly agree 47 21% 62 28% 51 23% 43 19% 26 12% 1 4 19% 73 33% 33 15%
Bergen strongly disagree 8 4% 6 3% 5 3% 3 2% 13 7% 5 3% 15 8% 42 24%
disagree 42 23% 56 31% 47 26% 37 20% 61 34% 62 35% 55 30% 81 46%
agree 109 60% 95 52% 103 57% 110 61% 83 47% 91 51% 86 47% 42 24%
strongly agree 23 13% 24 13% 26 14% 31 17% 21 12% 0 2 11% 26 14% 11 6%
LSCE Paris  strongly disagree 5 1% 10 3% 6 2% 3 1% 7 2% 6 2% 4 1% 57 15%
disagree 22 6% a7 12% 48 13% 23 6% 90 24% 72 19% 43 11% 147 39%
agree 215 57% 248 66% 214 57% 241 64% 212 56% 226 0% 6 202 54% 132 35%
strongly agree 136 36% 72 19% 108 29% 108 29% 68 % 18 71 19% 128 34% 42 11%
RUG strongly disagree 8 17% 6 13% 2 4% 4 9% 1 2% 5 11% 3 7% 14 31%
Groningen  disagree 15 33% 17 37% 24 53% 13 30% 8 17% 23 50% 9 1 43% 21 47%
agree 18 39% 21 46% 14 31% 24 55% 30 65% 15 33% 20  45% 8 18%
strongly agree 5 11% 2 4% 5 11% 3 7% 7 15% 3 7% 2 % 5 2 4%
Barcelona strongly disagree 0 0% 1 12% 0 0% 0 0% 0 0% 0 0% 0 0% 1 12%
disagree 1 12% 0 0% 0 0% 1 12% 2 25% 0 0% 1 12% 1 2% 1
agree 5 62% 4 50% 6 75% 4 50% 5 62% 5 62% 6 75% 5 2% 6
strongly agree 2 25% 3 38% 2 25% 3 38% 1 12% 3 38% 1 12% 1 12%
Jena strongly disagree 1 1% 4 4% 0 0% 1 1% 1 1% 1 % 1 2 2% 9 10%
disagree 7 8% 5 5% 6 6% 5 5% 14 15% 6 6% 18 19% 35  38%
agree 51 55% 47 51% 50 54% 41 44% 47 51% 61 66% 44 AT% 33 35%
strongly agree 34 37% 37 40% 37 40% 46 49% 30 33% 5 2 27% 29 31% 16 17%
Kiel strongly disagree 1 4% 0 0% 2 7% 0 0% 1 4% 2 % 7 3 11% 4 14%
disagree 8 31% 9 33% 3 11% 9 32% 4 14% 7 25% 6 21% 17 61%
agree 17 65% 18 67% 14 52% 18 64% 17 61% 12 43% 13 46% 7 25%
strongly agree 0 0% 0 0% 8 30% 1 4% 6 21% 7 25% 6 1% 2 0 0%




Appendix 8: Tables 1.4, 1.5, and 1.6 including Z-\aes/rs-values and significances

Table 1.4: Z-values/rs-values and significancedlifferences in students’ opinions compared fodstu characteristics (n=1370)

Gender

Age

Relation with Curriculum

Question Girls (n=716)

Older students

Voluntary (n=813)

7
11
15
16

8
13
14

10
17

9

12
18
19
20

Organization

This project was well organized.

The instructions for the project were clear.

The supervisor's explanations helped me to statet this project.
My overall opinion on this project is good.

Enjoyment

| enjoyed this project very much.

I would like to work on projects like this mavéen.

| like learning science in this way.

Difficulty

This project was too difficult.

My knowledge was sufficient to understand thigext.

Impact

I learned many new things from this project. + (Z=-2.248, p=.025)
This project made me understand that climategihatudies are very important for human future.(Z=2.739, p=.006)
I learned very much from the scientist(s) irs fhioject.

This project made me realize that people caciaffimate change.

This project makes me more interested in chgasiscientific career.

+(2=-2.296, p=.022)

+ (Z=-2.028, p=.043)

+ (Z=-3.595, p=.00)
- (Z=-2.436, p=.015)

- (rs=-.192, p=.000)

- (rs=-.216, p=.000)
- (rs=-.148, p=.000)
- (rs=-.211, p=.000)

- (rs=-.194, p=.000)
- (rs=-.125, p=.000)
- (rs=-.148, p=.000)

- (rs=-.145, p=.000)

- (rs=-.172, p=.000)

- (rs=-.221, p=.000)
- (rs=-.246, p=.000)
- (rs=-.173, p=.000)
- (rs=-.106, p=.000)

+ (Z=-5.316, p=.00)

+ (Z=6R9p=.050)
+ (Z=244p=.013)

+ (294817, p=.00)
+ (Z=-4.012, p=.00)
- (Z=-4.234, p=.00)

- (Z=P34p=.016)

+ (Z=B46p=.00)
+ (-7.8p%,00)

+(Z=-3.351, p=.001)
+ (2=-3.230, p=.001)

+ = difference in positive direction
- = difference in negative direction



Table 1.5: Z-values and significances for diffelehin students’ opinions compared for project @@ characteristics (n=1370)

Literature Computer Work  Frontal Hands on Presentation by Site visit Lab Visit
Search Lectures Experiments students
Question 601 960 559 1145 665 581 103
Organization
7  This project was well organized. +(Z=-2.039, + (Z=-2.509, + (Z-2.707=, + (Z=-6.244,
p=.041) p=.012) p=.007) p=.000)
11 The instructions for the project were clear. Z*-3,887, + (Z=-2.278,
p=.000) p=.023)
15 The supervisor's explanations helped me to stafet this + (Z=-3.836, + (Z=-4.177,
project. p=.000) p=.000)
16 My overall opinion on this project is good. +=(B.075, + (Z=-2.632, + (Z2=-2.282, + (Z=-2.806, + (Z2=-3.912,
p=.000) p=.008) p=.022) p=.005) p=.000)
Enjoyment
8 | enjoyed this project very much. + (Z=-3.229, + (Z=-2.361,
p=.001) p=.018)
13 1 would like to work on projects like this maséen. - (Z=-4.962, - (Z2=-3.824,
p=.000) p=.000)
14 1 like learning science in this way. + (Z=-2.074 - (Z=-2.084,
p=.038) p=.037)
Difficulty
10 This project was too difficult. + (Z=-6.386, + (Z=-3.994, + (Z=-2.266,
p=.000) p=.000) p=.023)
17 My knowledge was sufficient to understand thiggzt. + (Z=-4.900,
p=.000)
Impact
9 Ilearned many new things from this project. +={F 462, + (2=-2.873, + (Z=-4.951,
p=.001) p=.004) p=.000)
12 This project made me understand that climategdatudies + (Z=-3.153, - (Z=-3.486, + (Z=-6.391,
are very important for human future. p=.002) p=.000) p=.000)
18 | learned very much from the scientist(s) irs fhioject. + (Z=-6.105, + (Z=-3.149, + (Z=-3.581, + (Z=-3.271, + (Z=-2.113,
p=.000) p=.002) p=.000) p=.001) p=.035)
19 This project made me realize that people caectfflimate + (Z=-6.994, + (Z=-5.888,
change. p=.000) p=.000)
20 This project makes me more interested in chgosin - (Z2=-2.825, - (Z2=-2.173, - (Z=-2.855, - (Z2=-3.410,
scientific career. p=.005) p=.030) p=.004) p=.001)

+ = difference in positive direction
- = difference in negative direction



Table 1.6: Z-values/rs-values and significanceslifierences in students’ opinions compared fojgabgeneral characteristics (n=1370)

Duration of the project Approach Group size
Question Longer projects IBSE (n=871) Small groups (n=59)
Organization
7  This project was well organized. + (Z=-.6.706, p=.00)
11 The instructions for the project were clear. + (Z=-3.773, p=.00)
15 The supervisor's explanations helped me to statet this project. + (rs=.064, p=.020) + (Z=-4.436.00)
16 My overall opinion on this project is good. + (rs=.100, p=.000) + (Z=-4.916, p=.00)
Enjoyment
8 | enjoyed this project very much. + (rs=.069, p=.012) + (Z=-4.117, p=.00)
13 | would like to work on projects like this maoéen. +(Z=-2.594, p=.009) + (Z=-2.044, p=.041)
14 1 like learning science in this way. + (Z=-3.682, p=.00)
Difficulty
10 This project was too difficult. + (rs=.055, p=.044) + (Z=-2.952, p=.003)
17 My knowledge was sufficient to understand thiggzt. + (Z=-4.107, p=.00)
Impact
9 Ilearned many new things from this project. + (rs=.109, p=.000) + (Z=-3.402, p=.001)
12 This project made me understand that climategihatudies are very important for human future. (rs*.084, p=.002) + (Z=-9.541, p=.00)
18 I learned very much from the scientist(s) irs {hioject. + (rs=.096, p=.000) + (Z=-5.123, p=.00)
19 This project made me realize that people caciaffimate change. + (rs=.154, p=.000) + (248,%=.00)
20 _ This project makes me more interested in chgasiscientific career. + (Z=-4.347, p=.00)

+ = difference in positive direction
- = difference in negative direction

81



Appendix 9: List of interviewees

Interviewee(s) Position Region Date interview
Marc Jamous RC Paris 15-09-2009
Ingunn Skjelvan RC Bergen 08-10-2009
Francesca Ugolini RC Florence 11-04-2010
Dominique Pasquerault Teachers Paris 11-04-2010
Caroline Briand

Mariana Pirillo Teacher Florence 11-04-2010
Joachim Dengg RC Kiel 12-04-2010
Elisabeth Engum Teacher Bergen 12-04-2010
Stephanie Hayes RC Bordeaux 13-04-2010
Mauricette Mesguich Teacher Bordeaux 13-04-2010
Aicha Elouzeri Students Bordeaux 15-04-2010
Chloe Dupuis

Pauline Jacquet

Adelaide Ragot

Helene Overaa Eide Student Bergen 15-04-2010
Leatitia Goldberg Student Paris 15-04-2010
Guiseppe di Giulio Students Florence 15-04-2010

Francesca Conte
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Appendix 9A:Summary interviews with teachers

Region Paris Florence Bergen Bordeaux
Number of teachers 2 1 1 1
interviewed

1What was the project about’

2What was the role of
students?

3What was the role of the
scientist?

4What was your role in it?

5What was the location of thg
project (school or research
institute)?

7Did the scientist visit the
school? Was that useful?
How many visits?

8What was the aim of the
project, from your
perspective?

9What do you think is the
impact of this project on the
students?

10Do you think this project
has increased the social skill
of students?

11ls the motivation of
students in science classes
increased after the project?
12Do you think this project
increased the attractiveness
school science?

13Do you think this project
increased the attractiveness
your school for both students|
and parents?

14Was the project part of a
school lesson?

15Was the subject matter in
the project new to the
students?

16Where there obstacles in
realizing the project within
the school?

17Did you collaborate with
the scientist in this project? I}
what way?

f

Acidification of ocgastientific investigation.

Students started with reading of newspaper articid,
investigating it. Check the information in the elei Then
making a film. Create a DVD, fiction. And releaseatwider
public. Create a poster, which is linked to thisject, it's
about environmental issues.
The scientists were like counselors, they helpeshtterstand
the questioning and the issues. They started tjegtrand
imagined the topic. They brought up some questibming the
conference. And helped with the experiments, arnot with
the students on a trip to do experiments.

There were many teacimslved. Many points of view,
political, science etc. Each helped with own subjec

Two locations mainly, first the school, and thetsoaf France,
there are the labs, and took the samples.

Two scientists came to school. One had done aanigsithe
nor pole, she told us about that. Marc accompathied
students all the way during the project, he cameyntianes.
Very useful, because the topic is very actual. §tientist is
very up to date. And the students can meet scientis
Different aims. They want their students to workeoreal
project. They need some knowledge to understaradtate in
a newspaper.

Itis a bit early to say. 4 students decided téogdena, which
was a surprise. Vocational school, science ismthe
curriculum.

Yes, they worked in teams. They had to raise moweyked
in a workshop. For the experiments they workedaiinspand
had to keep appointments etc.

Yes, science is not that scientific anymore forghelents.

It might have, but just for students in our highaals.

Many teachers involved. It was linked to the curiien

Yes, they only knew from the news in the newspaPeiy
one knew about it, because he is interested in it.

One is motivation of the pupils. The school ishie fnner city,
absents, violence etc. Other obstacle is gettiagribney.
Little support from administration in school. “Taembitious”.
Time schedules of students were difficult too.

They communicated by mail or they met. The partripss
were very efficient, quick answers etc.

Environmental educaté CO2. Day cruise on a research vessel. Studgtt® questions: how are the oceanOne scientific approach: measuring CO2. Secondgehah
currents in the fiord and is it a source or sinkG®©2? ecological footprint. How can we reduce or CO2 ainiss?
Experiments to know CO2, a week of science with Health security issues, so it was more like hovdddfieldwork when you are It is voluntary. They begin in the first year. Ttlass was called
an exhibition. This year 4 projects: interview,erol  on a boat? Equipment on the boat. Communicatioh thié people on board. In Carboschool. Different subjects, all the year. gra¢ed, but in all
play, data analysed with gas analyzer, analysed the lessons | told them about data analysis, tiftraof data etc. | gave them lessons in a different way. In my class: CO2 datdyesis;
data with meteo station. some questions to guide them. After that they loadrite a scientific report. organizing an event; organic mail; invented a game.
Second cruise in March. Changes in measurement etc.
Important role. For the methods, for the guiding of They introduced the project, and then came back mibre theory about the
students, and even for the idea that peoples have carbon cycle. Taught students about Excel. Theyedduxic liquid and
about future and studying science. They are ina brought it to the university. Last year | took 8tedents to the institute, but this
school for science. is better for chemistry. | am a researcher mysatlierwise | had used the
scientists more.

Conference in the beginning of the year about anchange and
the greenhouse effect. Another one on the fielthédab. Next
year they can carry out a new project with a resear The
researcher helps them. So | have one class witfettists, and
several smaller groups with a scientist each.

Supervision. | think the scientist like to work kit Coordinating role, for the other teachers. And degsons.
the best students. | am a teacher and | makesure t
work with all.

The school. One time on the experimental site, afterwards weutcown
measure in the school. They showed us an experiment
Almost 5 visits, in a year. The last year we won an Never the same scientists.
important premium for this activity. The first in

Italy, because we have a cooperation with the

scientist.

To increase cultural, global, not only knowledge,
but personality, point of view.

In my curriculum students should do a researcheptoyvithin geoscience.
Main aim research and theory. We don't know thenens all the time, it's
good they experience that.

My group of students, very mixed. Some are intexkstThey got more
interested | think. But because of project or sttffje

Many goals. To make them interested in science. tAndake the
right choice for further study.

It is really important, | think it is important @o
experiments. It is not common to do experiments
in Italy.

Yes, very much. There is groupwork.

We evaluate it every year. They like working diéfetly.

It is not really teamwork. Not all students did tiasks in the first cruise, so in Yes, they have to work in groups all the time.

the second cruise they didn't trust each other.d8ue students are really not

motivated.
Yes, it is interdisciplinary, they like it. Theymanake links. After
this year, they don't see the different topics ifeient as before.

Yes, students are not liking only reatirapeat.

Not in my experience, because | have a class that Yes (geoscience). The collaboration with universitgldwork, that makes a
choose science in a scientific school. So they are difference. | bring my students to the universityd they like it.

already interested in science.

Perhaps. Now we have the number of the first
classes of next year. They increased. | think
because the premium. So Carboschools is
responsible.

Yes. Science

Parents ask the headmaster whether their childrere in this
class, it is original. It is an impact.

| guess it would when | was better in promoting. Woite the reports
afterwards etc., | don't like it.

Geoscience. Many school lessons.

Some things they knew. Carbon cycle everybody feaksabout it. New was All was new.
CO2 in oceans and doing mathematical calculatiorthis.

Excel was new. It's very difficult for me and for
the students. Only for one student CO2 was new.
Few students knew databases.

Yes, the principal obstacle is the time. In Itdlg t
lessons are very organized. If | want to make an
experiment, | must ask a teacher for his time, it's
not easy

No. Not with the administration, because it besdfite students and the school. Yes. Sometimes my colleagues. They see my pup#elasted
The only problem is the other classes, so my teacime not so happy. | have pupils. My headmaster supports me a lot, but riahgl
a very supportive principal and department leader. colleagues.

We prepared the program together. She works wittYou get so many emails with invitations for a Idttings. | haven't asked a Before the lecture we work a lot. The scientistslena lecture for
a group once a time, and | with the rest of the lot of help from Eva and Ingunn, because | am aaeher myself. teachers in the beginning. The scientist help®uesign the
class, for the other aspects, theoretical way.iShe project. We meet 4 or 5 times before the projeantt sit is difficult
not only doing experiments, but even with Excel, to see him more often, he is busy.




18How did you experience
the collaboration with the
scientist (obstacles, pleasant
surprises)?

19What actions would
improve this collaboration
between teacher and
scientist?

20Are you still in touch with
the scientist?

21Would you like this contact
to be permanent? Why?
22Do you like to work on
projects like this more often?
23What did you learn from
this project for your work as
teacher?

24What did you learn from
this project for future
projects?

25What should be the role of
teachers and scientists in
future projects? Same as in
CarboSchools?

Comments?

Very good as it is now.

Yes.

We hope it will continue.

Yes, it is very important for the students. Butjust lack time.

It is better that students make their own experimen

To get students getting more and more involveaggearch
practices.

It would stay the same.

The goal is to show students they grerant. It is very
rewarding, proud, big achievement.

how to analyse the data.

Pleasant. | think it is the character of Francesca.

She is very flexible. Because it is not simple to
understand the school reality.

Only the attention, | pay attention to the whole
class. | think Francesca is most able for theelittl
groups.
Yes.

| hope so, because | think the Italian style of
teaching is too much theoretical.

Yes.

More actual and more practical.

| think | can be more organizing the time.

| think the same. | am positive about the project.

How much is the budget? For so few students, |
think it is a lot. But | think it is positive.

It is a friend of mine, but the others are notjffecent scientists.
Very valuable with the students, but we cannottbes more.
The contact is easy, want to show their work, dmhsit is
interesting. For me the problem is that they arg beisy.

More visits from the scientist to the school.

Good, but | knew them. In Norway the distance betwscientists and other
people there is not a big distance. There is nboaitly gap as in most other
countries. That affects their contacts. You doelfbelow the scientists.

Yes
It think it is important to keep in touch, maybe @her projects.
Yes, | would like. | need to plan for longer persoaf time. Project work is a lot  Yes
of work planning by forehand.
It was the first time | worked with all my colleagmi And the
contact with the students is different, very pesiti

Scientists more times in school, and direct corttativeen
scientists and students.

The way | had the collaboration was very good.

| had a lot of freedom in CarboSchools. But it cblsve been more prescribed The project had an evolution. The pupils askedeéar school.
about the topic etc Now | could connect it to myrimula. Otherwise | Their initiative. Two pupils are involved in thisgject. It is
wouldn't have done it. One thing | missed, we didabk at the social studies parallel the curriculum. They do what they want.

part, politics, economics, law. That would have matthe project more

interesling_, but it would have demanded more coliation between teachers.




Appendix 9B: Summary interviews with RC’s
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RC

Paris

Bergen

Florence Kiel

Bordeaux

1 What type of projects do yoy
conduct?

2 What is your role in the
projects?

3 What is the role of the
students?

4 What is the role of the
teachers?

5 What is the role of the
scientist?

6 What is the location of the
projects (school or research
institute)?

7 Who invents the projects?

8 How do the teachers and
scientists collaborate?

9 What is your opinion on the

collaboration of teachers and

scientists (obstacles, pleasant|
surprises)?

10 What actions would
improve this collaboration
between teachers and
scientists?

11 Are the scientists still in
touch with the teachers? In

Two projects about carbon cycle. Objectif One experiment on marine science, with
different focus for different classes (school
subjects). One day cruises to the fjords: collect All different. Some ask for seminars, to

CO2 biggest project (18 schools):

analyzing temperature change &

manipulations of CO2 (photosynthesis).
Regulation of atmospheric CO2 (1
school): experiments with photosynthesis.

Before project, meeting with teacher: how
to conduct the project. RC starts the
project in the class. RC is at the end of
project for the presentation and corrects
some slides. Answering mail and come

back if teacher want.

Inventing experiments, collecting data,

presentation of results.

To guide pupils.

RC is the scientist. The other scientists
visit the final student presentation and
give feedback. And receive schools

visiting the lab (just 1 school).

School; and amphitheater for final

presentation.

Objectif CO2: RC & gpiectors

Regulation of atmospheric CO2: RC & 1

teacher

RC conducted training for teachers in
June 2008: how to work with the data file
and experiments. But RC collaborates
more with inspectors, they communicate

back to teachers.

| think we need a person between teacher It works well... we have to find the time. But |
must say that | am very satisfied with the
teachers we have contact with, it's very positive which is hard for teachers.

and scientist. Because scientists don’t
take time to prepare long term activities

and collaboration.

Teachers and students meeting the
scientists. But | think it's very rare. A lot
of teachers organize visit of laboratory,
but they don't speak before of what they
will show. It's just a conference the

scientists give, but not more.

Just for the final presentations. Yes, |

| work for three, four schools. | suggest  Short, playful projects for younger students (a@€l2), on
my activities in the beginning of the year. basic concepts of oceanic carbon cycle. Secondpgrork for
students aged 12-16, every week double lesson, students

water samples. After that analysis in lab, writing research projects, to experiments, and datado more. Other project in final year, it was congpuy but

reports.

RC has contact with schools/teachers, give
lectures, and participate in experiments.

elaboration. students didn’t need the grade for the exams. &pwlere not
really motivated. Final type are individual proggpersonal
contact.

| am between the scientist and the school. Matchmaking between teachers and scientists. 8afhore

| am the researcher. | guide the students executive, writing manuals for experiments etcd sine is the

step by step. role of scientist.

At the ship experiments in groups, after analysislt depends. In the seminars the students Involved as actively as possible. Realizing scierarebe

in laboratory, then write a report.

Integrating the stuff in the comtum
(sometimes difficult). Teachers go along at the
ship and sometimes at research institute for

guidance.

But the scientists runs the project, joins the
cruise, do the talk before and after, correct the
data, does a lot of things. Is involved in the

whole process.

One day on the ship; one to three times at the
research institute. And schools for talks.

The scientists, with some involvement of

teachers.

So there is always some contact, but of course
the highest activity is around the experiments.

and helpful.

Without doubt, a situation where the
coordinator was employed in a position more
than 20%. This would give more time to
facilitate meetings between teachers and
scientists. Also, ideally, some of the scientists
should have as a part of their job to collaborate

with teachers/schools.

No, not necessary. | assume that the contact
think it should be permanent. | regret that between teacher and scientist results in

are very passive, just listen. But in other  interesting. How do scientists work. In Germanyosiiabs
projects they really run measurements.  where experiments always have results. So we &adents
it's not always like this. And third they have iod out if they
are suited for science.
| have some teachers that coordinate the Different levels of involvement. For example teasheelp
groups. | usually work with the whole defining the topic and checking how everythingasng. With
class. In some activities they are the younger students teachers are involved but newev sip. The
supervisor. | am just supporting. But in for least we expect from the teacher it they suppowtitisproposal
examples data elaboration the students  writing. The institute should also profit from $o we demand
follow me and the teacher supports. they support us in our public outreach. Contribyitim open
days of the institute.

Depends on the kihgroject. Scientist really works with
students in the lab. Other end of spectrum: just gi
presentation in a school or lab. But we want tondoe than
that. Try to involve scientists more deeply.

Antonio gives frontal lessons.

School. No space at institute. And inthe  School and institute. Ideally institute. Youngerdgnts is

field. mostly in schools. And space problem in instit@é&ler
students at institute, sometimes even without sisien

Me. And this year the students were very Usually scientists, teacher and me. We sit togeteordinator

enthusiastic and they invented a game is needed because of experience.

themselves.

With Maddalena | share the tasks. In
school time there is not much time for
these activities. They run measurements in
the field. With other teachers, it is not a
proper collaboration, it’s just supporting
role for them.

Nice relationship. Obstacles are related to Depends on personalities. It's not really like TrearcScientist
the kind of activities. Like data analysis Partnership. Mostly we use Phd students, becaesethiers are
busy. There are some partnerships growing stroag)lyn
because they knew each other already.

Several subject teachers should be
involved in the project.

Improving by workshops, bring teachers and scientagether.
Then the best ideas show up. But they are not ahkegn to
get to know each other. Sometimes the student timeg
scientist and the teacher together.

It depends by my contract. But | think the We make sure the next project follows. It is amsibn they stay
next person will do this. in contact. But exceptions: some are friends.

Our topics are on forests. But also lakes. Tweediffit
topics.

Coordinate the projects in the region. Start ptsjefind
the partners, put the project together with them.
Organizing site visits, lectures etc. I'm not aestist. |
don't often do activities. | do some English lessbon
always accompany the scientist. Make sure things ar
okay.

First getting background information. Frontal leetu
Some preliminary experiments. Then site visitsllyea
depends on teachers what they do. Then they hayet to
up with a protocol. Do experiments, write the resul
present results and again at final conference.

Some teachers are well prepared and organize it wel
with me, but they also may be tourists. Just waeit t
students to have a good time

Most of the project don't have a real relationship
between the scientists and school. This is in most
projects, first a lecture and then a site visito lhave a
few projects with a closer partnership betweenrsists
and teacher.

School, in the forest, or rivers, also laboratosjts. But
INRA does not have a laboratory to show. Sometimes
they go to factories.

Sometimes the teacher and I, | will give them the
possibilities. When the scientists is more williog
engage with the teacher, then he discuss things wit
teacher.

We have identified 4 types of partnerships. Most
common is teacher and lots of scientists. Indirect
collaboration, via me. Then we have 1 real partriprs
when really teacher and scientists have develdpesd t
project together. They were friends before. Them on
half partnership, scientist collaborates more, laagpa
little. Then we had scientists-pupils.

There is no real relationship and different sci&stgo to
one school. But on the other hand, kids get to know
different scientists, teachers are happy about that
would love more direct, real partnerships.

Scientists were chosen by the boss, so scientésts w
not motivated and not often available. And we hve
ask unqualified people. Reduce number of schools, g
for quality and not quantity, one scientist and one
school. Workload now is too much.

Depends, some are friends. But the others, no.




what way? Should this contact
be permanent? Why?

12 Is collaboration with
schools policy of your researcl
institute? Is this collaboration
stimulated thanks to the
Carboschools project?

13 How many
students/projects per year are
conducted by your institute?

14 What are the objectives of
the projects?

15 Is it easy/difficult to
establish contacts with
schools/students? What is yoy
policy in this?

16 Which factors stimulate or
hamper the conductance of
student projects in your
institute? Money/time etc.?

17 Is your role in school
projects an official task?

18 What should be the role of
scientists in cooperation with
schools for future projects?
Same as in CarboSchools?

19 Do you like to work on
projects like this more often?

20 What did you learn from
this project for future projects?

21 Comments?

r

they do not meet about the long term
consequences. | think they keep contact,
but for punctual events. It should be in a

different way.

It's more an obligation. Scientists were
surprised at final presentation about
degree reached by teachers and scientist.
Policy is not changed, but scientists’ view
of teachers and pupils has changed.

Not projects but just presentations. 5 to 10Some activity: written fact sheets.
percent of scientist. Once a month

(guess).

To give information about climate
change. To inform pupils about climate

change.

Not difficult. Teachers like it and asking
for it. No special policy, just classical

network..

For scientists: time

For schools: money (for visiting lab) &
contact (in the beginning they don't know

who to contact)

Yes for me it's an official task.

I think it should be more or less the same.
| like to implicate more the scientist, but |

don’t know how.

Yes.

To conduct experiments, which are
appropriate for students. The project is

have been told a week ago.

increased knowledge and new ideas, which
might be used without a scientist involved next
time. | think the contact could be on and off.

It's not policy, but it is important. Between the  Yes, several activities started | think 10

lines.

To promote knowledge on climate change in

years ago. A group of scientists do this.
They work on other kind of projects, not
hands-on, but they do activities.

Some policy, but more student practica. Now outreac
combined with students projects. Very successfajpm
projects. University, CarboSchools. It is not ofi@ar goals,
but now it is so structured.

4 or 5 proje&sminars some years much Individual theses: between 6 and 10. The group \26:40

more than other years.

Let them know what we really do in the

general, and to give the students and teachers aoffice and in the field. Bring the science to

taste of scientific life.

4 schools are involved, but 1000 people got an
email. So very few were interested, but for this

purpose enough.

the students. Knowledge of students
second goal. We suffer in Italy from little
science students in university.

The schools were already contacted. We
organized an event to catch up with
schools. They were really keen to do this,
so it is very easy. A good reputation for
this kind of activities.

Stimulating: At one point all EU projects had to My time. With more money we could buy
include an outreach part, which stimulated to all some stuff, but we can deal with this

kind of contact with non-scientists. | think this

is not required anymore.

It's not a paftray paid time. In the
Norwegian project we have a 20 percent
position as a coordinator. But the project is so
much more than 20 percent work.. And | do at
least 20 percent work, but my salary comes

from other sources.

The same. But new project will be with teacher
education etc. Then it must be in more
cooperation with didactic people. Because it's
very important to have these people involved,
because they know how to present such new

topics.

money. The weather can hamper the
project. And collaboration with teachers,

students in a year. Whole classes or Sally’s wetkeachers 4
weeks to 6 months. One day events: 100 or 100tudésts in a
year.

Carboschools was different because it had an ag@ttar
projects just getting students interested in s@efbe
citizenship aspect is difficult, it is entering émnmentalism.
You try to influence opinions. Scientists do n&elthat. The
topic of greenhouse effect is oversaturated.

Waiting list for schools to join us. But initiallpistrust. Both
teachers and scientists. Now a very stable 10 grasghools.

Stimulating is money. First pay someone to worlcdbe is the
project status, you have to do and deliver. Hamgeverwork
the scientists.

we need more teachers that could use data

analysis (maths, ict.).
Yes, part of my job is research and part is
coordinating.

Much more collaboration with the
scientists. One person is not enough.

Yes, as long as it is a part of my regular job and Yes | like to run measurements with the

not on top of everything else.

It has been stimulating working and
communicating with teenagers. We have to
too long; students want to change topics. improve facilitating the projects, though.
Students don’'t remember everything what

pupils. And also my Phd.

The organization, the management of the
activities. To be strict with the students,
rules, practical worksheets.

CarboSchools very useful for
students/teachers because they get some
devices they normally do not get.

The scientist does not have to contribute to oatreativities,
because this is a different project. EU separdtisdscience
and outreach). You have to stay and keep a clasgection to
the scientists. If scientists see their outreaaipfgein the same
meeting, they see it is the same thing.

| do this for 100 % of my time. We have some nevjqut
applications running.

International component is really nice, it adds stving. We
try this more. Three years is too short, in Piste&chers were
thinking how to collaborate. It was too late. EUmag is nice,
but a lot of reporting. | think the relationshipsild up in
Carboschools is very important.

Try to avoid bring agendas (environmentalism) & $bhool by
scientists. But for project funding you always needething
new, but we have to deliver.

Not usually secondary schools. More with last yefar
engineering school, or university students.

In CarboSchools, the first year 30 students Maxiein
The next year 160 pupils. And the year after thégast
300.

To get pupils thinking about climate change, to
understand them the carbon cycle and greenhoueset eff
The objective of the unit is also to attract pupils
science. Recruitment to his unit, or INRA.

Yes, we had no problems. French teachers like eater
projects in schools. The school inspector collatesra
sent out a call and selected schools. Now even more
schools. And guy from regional council from
Educational Department got us financing for thielit
conference. He is very positive, CarboSchools isggo
to continue. So in our region it has really takén o
Hampering: time and motivation of scientists. phd
students are more enthusiastic. Another factas:ribt
the job of the unit to do this.. As RC you are lgne
Stimulating: it is expected they do some outreach.

The real partnership between scientist and teasher
fantastic, but it is not possible. | think that idhbe
really great.

Yes and no. Why not: the fact you're not workingain
team. And finding scientists is hard. Also becatige
quite idealistic. That teachers and scientists kst It
requires a lot of extra time. But when it workssitery
satisfying. | like the part most the contact witle t
pupils. My work conditions were hard. But working
with different countries is great.

More support should be given to RC, a tighter nekwo
of RC. Someone coordinating them. When writing
proposal, you have to be realistic. Reduce number o
schools. More quality. Workshops for teachers.

We need a team leader. Working half time is not
enough. Address work situation some time.




Appendix 9C:Summary interview with students
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Region Bergen Florence Paris Bordeaux
Number of students 1 2 1 4
interviewed

1What did you do in the
project?

2Was the project difficult?

3What did you like about the
project and why?

4What did you dislike about
the project?

5What did you learn from this
project?

6Was the project part of a
school lesson?

7Did you have to work in
teams?

8How many times have you
visited the research institute?
9Did the scientist visit the
school?

10Did you recognize the
subject matter from your
previous science in school?
11Do you like to work on
projects like this more often?
12Do you want a career in
science? Why? Thanks to this
project?

Ocean, flux. Learn how the scientists work. | madgmme about the

environment.

No, very interesting. Only making the characters.

The time we were traveling with the boat. | likezty much to stay with the
people, play with them, and learn
about the environment.

Some parts are a little boring, but it
is okay.

Knowledge about the environment.

I think | liked everything. But writing the
report was boring.

Effect of pollution on the ocean, and how
important it is to know more about it.
Yes, science. No, we made it after the lessons.

Yes. 5 persons in my class. | liked that. Yeskedi that.
One time university, and one time on the boat.Not any time.

| like it to go out.

Yes, a few times, told us how to do the
mathematics etc.

Yes, we have learned something about the
pollution before.

Yes, she went at our school many
times.

| already knew something about the
environment, but now I've learned
more.

Yes, | think it's fun. Yes.

| want to be a scientist. | want to study And maybe | want a career in
geology in the ocean. | was already interested science. Not thanks to the projects,
in this, not because of CarboSchools. already interested in science.

Experiments with sea water. Measurements of CQReir{sea) water. We went to the
south of French, we visited the laboratory. Andbscdiving. The scientists told us
about the acidification of oceans. We did intendewith scientists. So different
things.

More or less. It wasdifficult for science, but we are vocational sohand have
normally no science.
Scuba diving.
| liked it all, it was very interesting.

The measuremdi@©a in the atmosphere, forests, and oceans.

Yes, twenty pupils in the class. | likedvork in groups.
Research institute is in Monaco heoresearcher came to us.
Yes. It was very interesting.

Yes, the plankton, CO2. It was all new for me.

Yes of course.

| learn commerce, it is very interesting but natrfee.

Different things: conference, exhibition, visit fofests, measurements, recycling waste,
trees, weather station for CO2 and wind directiigit, rain, Excel. Film about food,
organization for EcoSchools. This year about favd.changed the food in the canteen.

Not very difficult, because it was very interestamgd we liked to do it. Ecology is not
boring, but interesting.

| liked working in group, and realize our own pretjeAnd working with scientists, and
see how they work. It is a different way of workiiitgis very interesting, a new way.

| think it is very interesting.

aWe learned a lot about the environment, the caclyole, greenhouse effect,
photosynthesis, forests, different captures.

Yes, three times. It was just to visit the laborgt@and the researcher explained us how
they work. It was different from the typical work the class.

Yes, a little, in science we knew a little. Mostsn@w. And we hade some stereotypes.

Yes, and we continue with the Ecoschools projefferént project but the same way of
working.

We are in scientific class. Most want a ddfiercareer. And we are more interested in
science thanks to this project.




