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A. Background to this report

This report is a deliverable of Work Pack&y@VF6) of the European FPfinded project
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| 2YSé¢ 09{ ¢! . [ L {20138). mhidelivaraipl& Delivenabié.6, presentscase

studies ofscience teacher training in InqyirBased Science Education (IB&Eglected

models adopted by ESTABLISH beneficiaries (Tablef@) implementingand evaluating

science teachemprofessional developmenaind implementing and evaluating classroom

practice.

This document, published in March 2014, has been produced within the scope of the
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Framework Programme for research, technological development and demonstration under

grant agrement no244749.

The utilisation and release of this document is subject to the conditions of the contract
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For further information regarding ESTABLISH please contact:

Point of Contact Dr. Sarah Brady (ESTABLISH project manager)

Email: info@establiskHp7.eu

ESTABLISH website:  http://www.establish-fp7.eu
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Introduction

The overall objective of ESTABLISH is to facilitate and implement an inquibased approach to
science educathn for second level students (age 128 years) through teacher education on a
widespread scale across Europe by bringing together, the key stakeholders in science education. Other
ESTABLISH project deliverables have reported on the effective strategies fodissemination of the
ESTABLISH project and outcomes (D8.1) and on the impact of the engagement with stakeholders
(D2.3) z which was a unique approach to this FP7 project in involving all stakeholders that make
change possible. This engagement of stakeheld has been embedded in all aspects of the projegt
through the developing of IBSE materials (ESTABLISH Units), teacher training workshops (ESTABLISH
Teacher Education Programmes (TEP)) and in overall dissemination and impact of the project.

From the ouset teachers themselves were seen as active partners in this project both as developers,
researchers and agents for achieving change in classroom practice. Throughout this project both in
service and preservice teachers have played a pivotal role in del@ping, piloting and trialling
teaching and learning resources for IBSE. A synthesis report of effective models for teacher education

in IBSE based on the ESTABLISH framework for TEP has been successfully documented (D4.6). This

report focuses on predictive effective models of ESTABLISH TEP based on evidence in the 14
%34!",)3( DAOOT AOOGSG T AOOAOEOAO AA#and reserice TRPEIA U
addition, we have developed ESTABLISH evaluation instruments to determine the impact of the
ESTARISH approach on teachers and their students and these have been collated and reported in

other deliverablesz EIl PAAO 11 OAAAEAOO AOOEOOAAOG O )"3%
learning (D6.1).

However, this report (D5.6) presents a selectiorof case studies of models adopted by ESTABLISH
beneficiaries (Table 1) for the implementation and evaluation of science teacher education in IBSE.
The use of Case Studies in this report enables the presentation of narratives written by partners to
portray their experiences of adopting the ESTABLISH approach in their own countrieEhe Case
studies presented emphasize detailed contextual information on specific approaches, opportunities
and challenges different partners encountered in implementing ESTABLISBSE teacher education
programmes, both preservice and inservice.

This selection offers the teacher, educator and researcher a unique insight into approaches adopted
across Europe involving national collaborations with the National Ministry of EducatiorfCyprus) or
international collaboration with ESTABLISH partners (Malta). IBSE teacher education programma®
reported with a specific focus of ICT (Netherlands), Industrial Content Knowledge (Sweden, Estonia)
and assessment (Poland). In addition the ESBAISH approach and activities/units have been
incorporated into existing national contests, MINTProgramme (Germany) or Tertiary Healthcare
Education (Estonia)or developed as new programmes (Czech Republic, SlovakiBywo case studies
have focussed on inial pre-conditions for IBSE amongst teachers (Germany) and teacher pedagogical
content knowledge of scientific inquiry (Italy). Results from implementation in schools and the impact
on students are reported (Italy, Slovakia, Estonia) as well as feedbaclotn in-service teachers after
workshops (Malta, Italy, Cyprus). An evaluation of the impact on prgervice teachers understanding
and attitudes to IBSE is also discussed in three of the case studies (Ireland, Germaamd
Netherlands). This collection ofthirteen case study contributions deepens our understanding of the
complex issue of IBSE and extends our experiences and knowledge of IBSE and how it manifests in
different educational and cultural environments.
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Case Study 1 Italy

Investigation of teacher pedagogical content knowledge of
scientific inquiry

Claudio Fazio, Giovanni Tarantino and Rosa Maria Sperandeo Mineo
Dipartimento di Fisica e Chimica, Universita di Palermo, Italia.

Abstract

In this case study we analyse scientific inquiry in the context of modelling physical systems and
point out some related teaching/learning strategies and how these are perceived by secondary school
physics teachers. The topic is analysed on the light ofdhresults of a course for irservice physics
teacher education held at University of Palermo in the framework of the ESTABLISH Project

Introduction
Yyl AAOGECTETC ETT1 OAOEOA DPAAACT CEAAI i AOBAOEAI O

E

subject matter ET T x1 AACA AT A DPAAACI CEAAI AT TOAT O ETT xI

misconceptions). However, rarely supports for the development of pedagogical content knowledge of
scientific inquiry are provided.

By inquiry we refer to learning experiences that engage students in various integrated activities of
identifying questions, collecting and interpreting evidence, formulating explanations, and
communicating their findings, that are consistent with sciencetandards and recent reports (Duschl,
Schweingruber,& Shouse, 2007; National Research Council, 1996; Singer, Hilton, & Schweingruber,
2005). Many researchers have shown that InquirBased (IB) approaches to learning are able to
increase student motivation,interest, understanding and development (Collins, 1997; Singer et al.,
2005). However, despite the consensus found in educational research, teachers may have different
ideas about the meaning of inquirybased instruction and it has been shown that misecmeptions
abound (National Research Council. 2000). These mistaken notions about inquiry can, perhaps, deter
efforts to reform science education.

Theoretical Background

Despite the consensus found in educational research about the efficacy of IB approaghié has
been pointed out that misconceptions about IB instruction abound and serve to deter efforts to reform
science education (National Research Council. 2000). The more relevant misconception involves the
EAAA 1BikskudtiorOs the applicatim of the scientific method 8

Many teachers learned as students that the process of science can be reduced to a series of five or
six simple steps. It has been shown that the notion that scientific inquiry can be reduced to a simple
step-by-step procedure 5 misleading and fails to acknowledge the creativity inherent in the scientific

process. Research has connected this view withEAO OAEAT AA6O 1 AOOOA EO bPA

pupils and teachers (Akerson, et al.2000; Lederman, 1992). Some studiesshowing that science
teachers persist in holding views about nature of science qualified as empirical or naively empirical,
identify two peculiar aspects in their thinking, involving: - the role accorded to observation, which is
seen as giving experimentaldata an absolute value;- the role played by theory in conducting
experiments and in making observations, along with the value of scientific knowledge as a means of
explaining and predicting (Van Driel, et al., 1998; Glasson and Bentley, 2000; AbleKhalick, 2005).
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Other studies report that teachers carry positivistt views of their discipline: ie. they teach only the
knowledge aspects of science and emphasize vocabulary rather than balance knowledge claims with
knowledge generation and evaluation, and® OA OAT O OWReEIAR Gl ABO TOE O1 AAOOO.
world (GessNewsome, 1999). Additional classroom consequences may include a decreased emphasis
oninquiry-l OEAT OAA AT A DBOT Al Al O11 OET ¢ OAAAEET C | AOGET A
of scierce (GessNewsome, 1999; Lederman, 1992).

Teaching IB science entails ambitious learning goals for students and thus is complex and difficult
for teachers to enact (Marxget al.,1997; Roehrig & Luft, 2004). Moreover, most of teachers also have
not experienced IB instruction as learners and thus need guidance in enacting this type of instruction
(Windschitl, 2003). Researches specifically aimed at the implementation of the IB approaches to
PEUOEAO AAOAAOQEITI EAOA OET x1  OgddtionOdA A pkeyO0 AOA
transmitting didactics to an IB one only through the illustration of the new methods and strategies
(Pinto, 2004). Training experiences based on new theoretical models have to be provided. Among
these, models that underline the necssity of collaborative construction of understanding and
reflection on the enactment of new practices in classrooms and on the consequent adaptation of
materials and practices show a relevant efficacy. Such procedures require an accurate designing of the
training activities where the roles of the different materials, the disciplinary conceptual knots, the
problems related to the introduction of the innovative methods are evident. It has been pointed out
that a conceptual change approach is not only relevdrto teaching in the content areas, but it is also
applicable to the professional development of teachers. For example, as constructivist approaches to
teaching gain popularity, the role of the teacher changes. Teachers must learn different instructional
strategies as well as also reeonceptualize or change their conception about the meaning of teaching.

Founding on research related to the Inquiry Based (IB) methodology and to models of the teachers
training, our research takes as theoretical framework théollowing key points:

a) toanalyseAT T AADOEI 1 Oh OAAOITET C OAEATI AO AT A OAAAEA
operative processes of an IB approach and to study how these can enhance or thwart the
introduction of innovative strategies and contents

b) to develop and testa Training Action (TA) that proposes subjects and strategies focused on the
specific operative processes of an IB approach.

Method

The TAs developed by our local projecpropose subjects and strategies focused on the specific
operative processes of an IB approach, as well as on analysed ways to integrate them in a pedagogy
aimed at pointing out relevant elements ofan adequate Pedagogical Content Knowledge (Shulman,
1986) for SI. Some pilot teacher workshops (W) have been designed aimed at finding operative
answers to defined research questions. Here, we report about some preliminary results of a 4 hours W
where teachers were put in a real problematic situation that made #m face with a real problem,
whose solution required the activation of the typical operative processes (theoretical and
experimental) of scientific investigation. Our research questions are the following ;

1) Which kinds of approaches to a complex problem angreferred by teachers ? Which cognitive
resources are involved?

2) Which relevant procedures of scientific investigation are put in action and how are these
intended by the teachers?
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15 in- service secondary school teachers participated to the pilot workshoprhey had different
backgrounds of graduation, preservice training and kind of teaching experience in different grade
levels (junior or high school level).The W has been developed into two phases: a) analysis of a real
problematic situation and developnent of a solution; b) reflection about the proposed solution and
definition of the characteristics of the procedures put in action for the searching of the solution. During
the first phase a real problematic situationinvolving the phenomenon of heat condation through
different materials was proposed to teachers (see Fig. 1).

In particular, teachers were requested, through a questionnaire, to look at sevatlifferent flat
plates,different in material or mass, area and thickness and to predict what happeifsseven identical
ice cubes are placed upon them,d. to predict the time sequence of ice cubes melting. As a second
guestion, they were requested to put into evidence the parameters they considered relevant in
influencing the melting process, and talesign a set of experiments devoted at checking the relevance
of such parameters. Then, the experience was really performed and they were required to compare
their predictions with the experimental results, writing down their comments.

The questionnaire sheetswere photocopied and then returned to teachersfor further processing.
As a second phase teachers were divided into 3 groups (5 teachers in each group) to discuss their
solutions with the guide of a researcher. The 3 researchers had previously despéd common
discussion guidelines and questions in order to make explicit teachers conceptions about the
meanings of investigation procedures as to make a hypothesis, to construct a descriptive model, to
find an explanation or to compare different kindsof explanations. All the discussions have been audio
taped and the detailed analysis is in progress.

Figure 1. The experimental situation, first only theoretically proposed, then practicadligalysedby the
teacher group. Some ice cubes are placed on plates of different material, mass, area and thickness,
identified by letters A, B, C, D, E, F, G, H.
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WP5 Deliverable 5.6



Project No: 244749 ESTABLISH Science in Society / CSA

Results

A detailed analysis of teacher incorrect predictions with the related explanations is in pgress. We

note here that all teachers correctly predicted that the ice cubes melt sooner when placed on
aluminium plates, but only 3 teachers performed the correct prediction by appropriately ranking

plates with different masses and thickness. By considieg at a finer grain detail the predicted melting

time sequence for the threealuminium plates (of different geometrical characteristics), as well as the
OAAAEAOOG Aobl ATAGETT O AAIT OO OEA DPAOAI AOGAOO OEAC
description and explanation of the phenomenon, some considerations can be drawn about the
procedures they followed in formulating their hypotheses.

The correct analysis of the proposed situation must take into account several parameters, i.e. the
b1 A OA O dicalgiaiadtefisfics (surface area and thickness), thermal capacity, thermal conductivity
and the temperature difference between the two plate faces. All these parameters have to be
considered together to correctly explain the phenomenon. An approach baseon the typical
theoretical knowledge about thermology, resulting from classical university education can easily guide
the teacher to search for an explanation to the phenomenon based on thermal conduction, i.e. on the
idea of heath flux between two surdices at different temperatures. From the Fourier law, we know that
this flux is proportional to the surface area and inversely proportional to the plate thickness, so
thinner plates should make ice cubes melt quicker, as they allow a bigger heath flow.déded, for a
clear understanding of the phenomenon other factors involved in the analysis of thermal interaction
between two bodies (the ice cube and the plate that exchange thermal energy until equilibrium is
reached) must be taken into account. This secdnkind of approach actually produces opposite
predictions with respect to the previous ones, i.e. a greater melting speed of ice cubes placed on the
thicker (and so heavier) plate. Our data show that 6 teachers appear to describe the phenomenon only
on the basis of the Fourier law by considering as more relevant factor the plate thickness afd
teachers that seem to consider thermal capacity as relevant for the explanation of the phenomenon,
but not plate thickness or thermal conductivity coefficient. Itis worthy to note that the 4 teachers
performing the correct ranking (2 graduated in Biology, 1 in Physics and 1 in Natural Science)
analysed the experimental situation by trying to point out the different characteristics of the various
bodies and evaluaing the relevance of each of them and not by searching, in their knowledge, for laws
to apply to the experimental situation.

In comparing their predictions with experimental results, the majority of teachers that predicted
the melting of the ice cubes otthe basis of a partial acknowledgement of relevant variables expressed,
ET AEZZAOAT O xAUOh A O1 00 T £ OOOOPOEOAG xEOE OAO
explanation of the differences by showing that their predictions were mainly drign by memory of
subjects studied during past courses. Only a few made reference to the necessary comparison
between what they remembered from textbooks and realife experience. The great majority of
teachers at last commented that the approach to the ppmsed situation posed them some difficulties,
as it is one that is not part of their theoretical knowledge about thermology.

As previously mentioned, the group discussion during the second phase of the W was devoted to
deepen the teacher conception of thalifferent procedures involving in a scientific investigation
stimulated by the real situation analysed. A preliminary analysis of the audio taped discussion shows
the relevant factors described in the following.

During the discussion, all teachers mentond j§ AO 1 AAOGO T 1T A OEIi Aq OEA TA
Method (SM) in order to solve the different problems involved in the analysis of an experimental
situation. When requested to clarify what this meananost teachers recited from memory the steps of
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this process (with only minor variations): observe, develop a hypothesis, conduct an experiment,

analysedata, state conclusions framed in some theory and generate new questiohstheir idea, these

unproblematic rules give themthe guarantee toalways find a solution to the problems posed. In order

to understand this full confidence in the SM it must be taken into account that the first chapter of all

OEA EECE OAEI Tl DEUOEAO OAQOAITE EAO OEA OEOIA O
Another relevant factor is conneted with teachers idea of scientific explanation; very few teachers

are aware that explanationsare representations of scientific phenomena that link observable features

of that phenomenon with hypothesized events, properties, or structures that are notirctly

observable because of their inaccessibility (as for example the molecular movement) or conceptual

T AOOOA j AO mI O AgAi P11 A &£ OAAOh AT AOCUh88Q8 4EAU /

and description, by often using observations oempirical laws as explicative or conjectural models.

Finally the fully confidence in the mathematical laws as explicative framework was a common

characteristic; our whole teacher sample was completely confident in the explicative value of the

Fourier's law and no one was fully convinced that the Fourier's law is an empirical law based on

observation. These results obtained in the second phase of owork, integrated with the answers to

the problem posed in the first phase account for the need of an epistetngical clarification about

xEAO OEA OAOI OOAEAT OEEZEA EIT OAOOECAOEIT 6 1 AATO A

scientific knowledge.

Discussion and conclusions

The analysis of data previously reported allowsus to draw some conclusions with respect to our
research questions.

The majority of teachers showed an approach mainly involving the activation of cognitive resources as
memory of past learning experience in order to make sense of reality. It seems ththe way the

DOi bl OAA OEOOAOGEI T EOI GBEOOOPAAVOGOEAABGDOREAD ODRAA
description and activating the correct strategies to select the relevant variables. In some casé®gse

strategies seemOil AAQOEOADAKEBOABAOLITIEDEOA OAOGI OOAAG 1 EEA i
AT TAADOOAT 1T AOGOAAT AG O1 OEA )" ADPDPOI AAE@cCUBEEOh E
ETTx1 AACAoh AOIT EAETC A PEATTIATTITITCEAAT APDPOI AAE
hypotheses. This last conclusion seems to be enforced by the consideration that 3 out of the 4 teachers

that correctly explained the ice melting process are not graduated in Physics and probably have
superficially analysed thermal conduction in their University courses. So, it seems that previous
knowledge (particularly that coming from university) built in environments not linked with real life
experience, is not really significant for the learner and acts as an obstacle for the inquiry competences

that we want to develop in teachers. Practices as formulating hypotheses or design appropriate

experiments are strongly influenced by the searching for appropriate physical laws.

The second phase of our W showed that our teacher sample had an uninformed viewtthize
scientific method is a fixed steppy-OOAD HOT AAOON T AT U OAAAEAOO A@PIE
systematic process and that only by following these steps i orderly way, valid scientific knowledge
AAT AA AT 1 OOOOAOA A 8<e uninformnddridve @bout Acigntifie Aduidy adeErdsult of
the traditional portrayal of recipe-like experiments in science textbooks, as textbooks often play a vital
role in understanding the process of science (Ab#&l-Khalick, et al., 2008). It may therfore be
reasonable to argue that science textbooks should be revised in line with the contemporary conception
that there is no single scientific method to be used in developing scientific knowledge (Alktl-Khalick

& Lederman, 2000; AbeEl-Khalick, et al.2008; Lederman, 2004; McComas, et al., 1998).
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Guide lines for future TAs suggested by the approaches followed by our teachers can be synthesizes
as follows. During the training time, characteristics of IB practices must be explicitly addressed from
an epistemological point of view, as well as problem based activities that are not too much focused on
specific disciplinary knowledge. Preliminary results about teacher TAs involving environments based
on problems and situations not belonging to the field whergeachers are expert show agreater
involvement of teachers that pay agreater attention to inquiry procedures rather than to the correct
application of disciplinary knowledge8 )1 OEEO xAU OEA-AEQAGEIOOGIA EAHC
seems to be avoided and teachers can activate the reasoning resources necessary for a profitable
development of their Pedagogical Content Knowledge about SI. Moreoveachers need to gain a wore
epistemically congruent representation of how contemporary science is done by developing activities
across different domains of inquiry and many types of investigations.
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Case Study 2: Italy

Results from a guided inquiry -based teaching-learning
path in secondary schools

Nicola Pizzolato, Claudio Fazio, Rosa Maria Spera¥iiteeo and Onofrio Rosario Battaglia
Dipartimento di Fisica e Chimica, Universita di Palermo, Italia.

Abstract
The Iltalian partners of ESTALISHorepared a Guided Inquiry-based teachinglearning unit on
OEAOI A1l OAEAT AA8 )1 EAAOh AU umHEiverdity of Palegmo Priyskes P OT E

Education Research GrougUoP-PERG)developed a teaching/learning unit about the actual problem
of applying energy saving strategies on the construction of low energy houses. Theeparation and
experimentation of this inquiry-based teachinglearning path by partners from UoP-PERG in
collaboration with Sicilian secondary school teacherss presented.

Introduction

The unit (available athttp://www.uop -perg.unipa.it/establish/classroom_materials.htm) is aimed
at engaging high school students in designing and building an energgfficient scale model house
through the understanding of the relevant concepts in the content area of energy flow in thermal
systems. The learning project intends to introduce pupils to the tsic knowledge of thermal science
and infrared imaging thermography. The unit is developed into four subunits, each one focused on a
specific problem to address and, in particular, on the analysis of the different effects produced by the
three mechanisms othermal energy transfer (conduction, convection and radiation).

The unit is presented with four subunits as outlined

9 Subunit 1 guides students in the construction of a model house and in making explicit the
different factors that contribute in heat dispersion and energy consumption to maintain
warm the house. The effects produced by each mechanism of energy transfer are deeply
analysed in the other three subunits, which are developed around a particular problem that
guides the inquiry.

1 Subunit 2 anayses the role of different materials in heat dispersion by developing the
relevant concepts connected with energy transfer through conduction.

1 Subunit 3 analyses energy transfer in fluid material and the main concepts connected with
the convection process.

9 Subunit 4 introduces the concept of energy transfer by thermal radiation, analysing the
different effects of solar radiation spectrum.

The global content area of the unit concerns the topics of energy and power in thermal systems. The
subunits are mainlydevoted to 1416 year old students. However, a specific deeping, involving more
mathematisation of data analysis and theoretical formalization, is designed for 168 year old
students. The estimated duration of the whole unit is 30 hours. However, it ctilbe used partially
and/or at different deepening levels. The unit uses handen activities, scientific simulations and
probe-ware measurements as tools to promote an Inquiry based approach.

The unit was first experienced by a selected group of iservice teachers, in terms of a pilot
validation, and then administrated to a wide sample of secondary school students. In particular, a
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sample of 22 teachers, distributed among science teachers at lower secondary schools and physics
teachers at upper secondary chools, was selected to be actively involved in the project. The aim of

their engagement was first to discuss and validate the unit and then personally guide the
experimentation of the teachingi AAOT ET ¢ OT EO O! , 1 x %l AOCUitiesdf OOA 6
their classrooms. The list of involved schools included five lower secondary (LS) and four upper
secondary (US) schools in Sicily, for a total of 216 students (107 and 109, respectively) aged between

15 and 19, with no previous experience in inquiy based learning.

In Figure 1 we show just two pictures of the activities carried out by the students within the
ESTABLISH inquirybased learning path. Much more information on all the specific activities can be
found in short video available at the web pge: http://www.uop -perg.unipa.it/establish/tools.htm
(Video ICS Guglielmo II)

-

Figure 1Pictures from learning paths experienced within the ESTABLISH Projec

The results of the unit experimentation at secondary school are provided and discussed in the next
section. In it, explicit attentionis given 0T OEA OOOAAT 006 eirlporéeptionrs ©h A @D
science as a subject to study at school, their ideas about the usefulness of scientific knowledge in
everyday life. The efficacy of a @ased teaching approach is tested both in terms of motivation to
learn and development of nature ofcience views.

300AAT 006 AgPAOEAT AA 1T £ OAEAT OEZEA EIT NOEOL
The unit was proposed to all the students involved in ESTABLISH. Some teachers had the

opportunity to guide the students through the exploration and scientific investigation of all the

problems addressed in the four subsections, while some others focused on specific aspects within one

or two subunits, depending on the amount of curricular time the teachers had the possibility to

dedicate to the project. However, the results reported in this seain refer to those 216 students who

were effectively involved in inquiry activities, having the opportunity to deeply experience the spirit of

inquiry -based learning, independently of the time spent to explore a given subunit. On average, the

students spentabout 25 hours to experience the unit.

pral
Y

4EA %341 " ,)3( DOTEAAO AAOGAT T PAA Oxi OPAAEEEA
before and after a series of several learning subunits for upper (Questionnaire 2A) and lower
(Questionnaire 2B) secondaryschool, respectively. The two questionnaires are structurally very
similar, with the questionnaire 2A containing few questions more and a specific part dedicated to ask
opinions about learning and understanding science and some aspects of the nature aesce. The
OAOOI OO DPOAOGAT OAA AAI T x xAOA T1TAOAETAA EOIiI OEA
guestionnaires.
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Initially, we have extracted all the common issues addressed in the two ESTABLISH questionnaires,
in order to draw a direct comparison betwea the responses provided by the students attending the
lower or upper secondary school. After that, we focused our analysis to those specific aspects
addressed only in upper secondary school students.

4EA EEOOO DPAOOHh AT OEOIIAGAAD- @i OMIEIAIT ARO AR TABIOAIOAHDE |
general ideas on science as a subject and usefulness of science and technology in everyday life. The
issues addressed in this part are specifically the following:

School science is a difficult subject.

Schoolscience is interesting.

School science is rather easy for me to learn.

I like school science better than most other subjects.

| think everybody should learn science at school.

The things that | learn in science at school will be helpful in my everydaydif
School science has increased my curiosity about things we cannot yet explain.
School science has increased my appreciation of nature.

School science has shown me the importance of science for our way of living.
School science has taught me how to takestter care of my health.

| would like to become a scientist.

I would like to have as much science as possible at school.

I would like to get a job in technology.

=4 =4 =4 =8 -4 4 -4 -8 -4 -8 -a -8 9

For each of the above items, the students were asked to express their own opinion by assignin
score in the range 314, corresponding to thefour-point Likert scale: (1) Disagree, (2) Uncertain
disagree, (3) Uncertainagree, and (4) Agree. In Figure 2 we show the responses provided by the
students of lower (top panel) and upper (bottom panel) secondary school. The squares indicate the
values averaged oveall upper or lower secondary students, while the diamonds are used to connect
the 25 and 75 percentiles. Red andreen symbolsrefer to pre-instruction and post-instruction data,
respectively.

The analysis of preinstruction data shows that the LS studnts generally do not consider science as
a difficult subject to learn. Moreover, they believe that science is an interesting matter and everybody
should learn it at school, because science knowledge stimulates the curiosity about how the world
works and, even more important, it could be useful for our everyday life. However, despite these
positive opinions about science, the students seem to do not consider the opportunity to become a
scientist as a viable route to their professional career, preferring, wh some degree of uncertainty, a
job in technology.

Postinstruction results of LS students do not show significant deviations with respect to their pre
instruction views, with only some minor changes suggesting a slightly increase in the awarenefs o
the difficulty of learning science and a little more consideration about the opportunity to get a job in
science and technology.

The students attending upper secondary schools answered the same items and their responses are
reported in the bottom panel d Figure 2. With respect to their younger colleagues, these students
show a little greater awareness of the difficulty to learn science concepts and a more uncertaigree
score concerning the interest for scientific knowledge. Despite this, they believiat everybody should
learn science at school. Some uncertainty is expressed for what concerns the impact of science in our
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way of living and health care. Even in these US students, scientific careers are not considered a good
opportunity for their future e mployment, with some uncertainty for technology.

"U OOi i AOEUET ¢ OEA OAOGOI 60 AEOIT O-U OAEHtedA Al /
learning path experienced by our students had a relatively modest impact on their perceptions. The
students were conscious of the importance of learning science even before the beginning of their
ESTABLISH experience and on the potential role science and technology may play in our everyday life.
But probably they were missing the connection to some practical exampléisat could help to consider
science so important. In this respect, by engaging the students to personally explore the methods of
scientific inquiry applied to the real context of building a low energy house, this learning experience
provided the studentswith a concrete example of how important is the knowledge of science in their
everyday life. Moreover, our findings suggest that the students consider school science a different
matter with respect to real scientific work. School science is only as a subjeto learn, with few
practical applicationsto the world around them, as instead in the case of the work made by scientists.
The majority of students probably started this experience with thepersonal convincement that
scientists areexceptionally endowedpeople, as usually considered by common people, and this is the
main reason for theirconcerns aboutgetting a job in science. This experience should have helped the
students to realize that no difference exists between science at school and the real stiec work, and
that scientists are no more than exceptionally curious people, strongly motivated to know and
understand how the world works. The lack of interest showed by our students for scientific jobs could
be ascribed to a misunderstanding of this @int or even to other personal motivations.

The second research issue addressed by mean of the ESTABLISH questionnaires concerns the
opinions the students express about science and technology (Figure 3), by focusing the following
specific social aspects:

Science and technology are important for society.

Science and technology will find cures to diseases such as HIV/AIDS, cancer, etc.
Science and technology make our lives healthier, easier and more comfortable.
New technologies will make work more interestirg.

Science and technology will help to eradicate poverty and famine in the world.
Science and technology can solve nearly all problems.

Science and technology are helping the poor.

= =4 =4 -4 -8 -4 4
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My science class (Lower sec. schools)

(Red=Pre, Green=Posl, Squares=Mean values, Diamonds=25-75 percentiles)
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School science has increased my curiosity about things
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our way of living.
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I would like to have as much science as possible at school.
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I would like to get a job in technology.
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Figure 2a Results from the ESTABLISH project in Italy. The topics wibin U OAEAT AA Al AOO6
AOT I OEA EOCAI O T &£ NOAOOEIT1TAEOAO ¢! AT A
feedback before and after a series of several learning utguares indicate the mean values and

diamondthe 25th and 75thpercentiles.
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My science class (Upper sec. schools)

(Red=Pre, Green=Post, Squares=Mean values, Diamonds=25-75 percentiles)
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I would like to get a job in technology.
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Figure2b2 AOO1 06 AOiT I OEA %341 " ,)3( DPOI EAAO ET ) OAl Us
AOT I OEA EOAI O T £ NOAOOEI 11 AEOAO ¢! AT A o¢" 1T &£ OEA
feedback before and after a serie§ several learning units. Squares indicate the mean values and
diamond the 25th and 75th percentiles.
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In Figure 3 we show the pre/postinstruction results obtained from the responses provided by LS
(upper panel) and US (lower panel) students. Even in this case, an overall comparative analysis of
pre/post -instruction data shows that our students maintainedessentially unchanged their views of
social impact of science. Moreover, we find essentially the same outcomes for LS and US students. The
students already knew that science and technology are important for society, in particular for what
concerns the podlive impact of scientific researches in medicine and health care. However, despite
these optimistic opinions, both LS and US students show some uncertainty to believe that science and
technology can really help to eradicate poverty and/or solve nearly afiroblems.

A common part of the ESTABLISH 24" NOAOOEI 11T AEOAO EO AT OEOI AA
Al 11T xET ¢ AEOAOOOET 1 0ed AT A AOEO OEA OOOAAT OO Oi
student or the other who disagree about some issue. Theroposed discussions focused on the
following five specific aspects concerning the NOS:

Science can be learnt only by studying textbooks, avoiding to follow own experiences.
Remembering facts is very important to understand science.

To understand sciencethe formulas are really the main thing.

In science, the facts speak for themselves and cannot support multiple theories.

A theory explaining experimental results cannot change.

= =4 =4 =4 =4

The results of the students outcomes are summarized in Table 1, where thercentages of students
in agreement with the specific statements are reported.

Table 1.2 AOOI 0O AOiI i1 ,3 AT A 53 000A A Questiontaied abbut OA O
NOSOAT AOGAA AT 1T AADPOOYd O7TEAO Ai ) OEETE AAT OO OEA A

Percentage of agreement
NOSrelated concepts LS us
Before After Before After
Science can be learnt only by studying textbooks
on y by SIUCYINg ! 73% 64% | 52% |  31%
avoiding to follow own experiences
Remembering facts is very important to understand
. d v imp 86% 72% | 8% | 67%
science
Toun n ien he formul lly th
oy dgrsta d science, the formulas are really the 77% 61% 85% 62%
main thing
In scien he f k for themsel n nn
scie ce,t.e acts spea or themselves and cannot 550 520 48% 43%
support multiple theories
?ht:sger)y explaining experimental results cannot 88% 73% 84% 65%
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Opinions aboul science and technology (Lower sec. schools)

(Red=Pre, Green=Post, Squares=Mean values, Diamonds=25—-75 percentiles)
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Science and technology are helping the poor.
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Figure 3a. 2 A0 O1 OO EOTI OEA %341 " ,)3( DOITEAAO EI
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AAEEAOGAT AT O 1
mean values and diamonds the 25th and 75th percentiles.
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Opinions about science and technology (upper sec. schools)

(Red=Pre, Green=Posl, Squares=Mean values, Diamonds=25-75 percentiles)
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m
p—H

and famine in the world.
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Science and technology are helping the poor. -
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Figure 3b. 2 A001 600 A&OT i OEA %34!",)3( DOIEAAO ET ) OAIl
AT A OAAETT1T cU6 xAOA O AdnnkireOAndaRdf the ESEARLISH @Al f@)y thé £ K
AAEEAOGCAT AT O T £#/ OOOAAT 0068 AEAAAAAAE AAMEI OA AT A AEOA
mean values and diamonds the 25th and 75th percentiles.

The ESTABLISH questionnaires focused on those aspects of NOS which are the most commonly
I AGAOOGAA ET OOOAAT OO AEOAQOOOEIT O AAI OO OAEAT AAS
of absolute truths (the formulas), independently from personalexperiences, or a theory as an
unchangeable piece of knowledge, or the importance of remembering facts, can be considered as real
cognitive obstacles to the learning process. The percentages of agreement to a given NOS concept
reported in Table 1 represat the percentages of LS or US students who agreed with the idea exposed
in that specific statement, respectively before and after experiencing the -Based learning path. Our
pre-activity results show very high percentages, as expected in learners who lemever been involved
in the practice of science. In particular, high percentages of LS and US students believe that
remembering facts is important to understand science. This finding could be symptomatic of an
excessively transmissive teaching approach dm their instructors. The importance assigned by the
students to mathematical formulas in science learning could come from a misleading approach to
problem solving, in which more attention is paid to the procedure with respect to the reasoning

underlyingtE A OAOT 1 OOEI T HOT AAROO8 4EEO £ETAEI ¢ EO 11 OA
because in LS classes the use of mathematics to solve a physics problem is less preferred. Another
difference between LS and US pfET OOOOAOQET 1T OO OA AderGsOtlie rdedadck oi OACA

considering the textbook the only source for learning science with respect to personal experiences. In
fact, lower percentages of US students who are in agreement with the first statement are found. This is
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probably because older gtdents are more used to study through multiple resources, such those that
can be found on the web and, specifically in the context of learning science, many realistic simulations
of physics experiments may provide the students with the awareness of imponae of personal
experiences in addition to the textbook.

In general, postactivity percentages are all lower than those recorded before the beginning of the
DOl EAAO8 (1 xAOAOh OEEO OAAOAOEIT EO AAOAI worel T OEA,
AGEAAT O ET 53 OOOAAT 068 1 OOAT i Ad6s )1 DAOOEAODI AOh
with the first, the third and the fifth statements. Globally, our results suggest that secondary school
students, engaged in Glbased experiencesand without any specific instruction on NOS, experienced
modest changes in their views on how scientific knowledge is produced and characterized, confirming

what expressed in recent literature at this regard.

A further research question addressed within e context of the ESTABLISH experimentation at
secondary school has been focused on the efficacy of ab@sed teaching approach to motivate the
students to learn science. Motivation plays a critical role in student learning and achievement, mainly
becauseit is intimately related to the ways students think, feel, and act in schools. Evidence from
research on student learning in general (Pintrich, 2003), and mathematics and science in particular
i 3AET Al £ZA1 Ah pwwcgqh AAT T 1T 00Ok Atategs Al baliadsOabdui 0 08
knowledge in these disciplines can influence their learning and performance. The motivational issue
EAO AAAT Al OAAAU DPAOOGEAI T U ET OAOOECAOAA AU 1 AA1
guestionnaires, in whichtheir opinions about their interest in science were collected. Both LS and US
students asserted that school science is interesting and everybody should learn science at school. In
order to deepen this aspect, in the context of the unit experimentation thstudents were asked to
express their agreement about the following motivational aspects (selected from Glynn and Koballa,

2006):

1 Intrinsically Motivated Science Learning (I enjoy learning science; | like science that
challenges me; understanding sciencegts me a sense of accomplishment.)

9 Extrinsically Motivated Science Learning (I like to do better than the other students on
science tests.)

91 Personal Relevance of Learning Science (I think about how | will use the science | learn; the
science | learn hagpractical value for me.)

1 SelfDetermination to Learn Science (If | am having trouble learning science, | try to figure
out why.)

1 SelfEfficacy for Learning Science (I am confident | will do well on the science tests.)

The students rated these aspects botprior to and after the Gtbased experiences of the ESTABLISH
unit, by providing a percentage of agreement with the proposed statements. For each statement, the
percentages provided by the students were averaged with respect to the total number of LS or US
OOOAAT OOh OAOPAAOGEOGAI U8 )1 4AAT A ¢ OEA OOOAAT 0038
format as in Table 1.
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Table2., 3 AT A 53 OOOAAT 608 DAOAAT OACAO 1T &£ ACOAA
Percentage of agreement
Motivation-related aspects LS us
Before After Before After
| enjoy learning science. 79% 84% 52% 81%
| like science that challenges me. 56% 73% 48% 7%
Understandi i [ f
nders gn ing science gives me a sense o 76% 91% 65% 83%
accomplishment.
| like t tter than the oth t t i
ike to do better than the other students orscience 81% 75% 28% 67%
tests.
I think about how | will use the science | learn 38% 78% 41% 73%
The science | learn has practical value for me. 37% 61% 44% 73%
If I am having trouble learning science, | try to figure 68% 79% 62% 29%
out why.
| am confident | will do well on the science tests. 56% 77% 48% 62%

From an overall analysis of the percentages provided by the students, it seems evident that they
received a positive feedback from the participation to the ESTABLISH project. Even considerihgt a
majority of them, in particular LS students, asserted to enjoy learning science already before the
beginning of this experience, the higher percentages recorded both in LS and US students after the Gl
based learning path indicate a prominent appreation of the project. Lower percentages characterize
O 60 A AT -ipdhdctiomaddwers to the item concerning science as a challenge, probably because they
connect this topic to a sort of evaluation of their learning. However, poshstruction data show an
increase of these percentages, confirming the benefits of this inquiry approach to intrinsically
motivate the students to learn science. Moreover, students report high poststruction ratings
concerning the sense of accomplishment they feel when they derstand science. It is interesting to
note that the experience of inquiry learning, by stimulating collaborative work, reduces the feeling of
OAEAT AA OAOOOS

AT i DPAOEOGETT AiTT ¢ OOOAAT OO 11

recorded in those two items that address the use and practical value of science learned at school.
Finally, this Glbased learning experience seems have stimulated the students to strive further to

surmount their difficulties, by achieving a higher sense of confidende do well on science tests.

yl o00ii Aouh OEA OOOAAT OO6
interest and motivation to learn science, but the experienced lased learning path does not seem to
engage enough the studentto effectively impact on their vision of science and on their conceptions

about the way scientific work is produced with respect to the science they study at school.
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Case Study 3: Slovakia, Italy, Ireland

Impact of IBSE methods and IBSE materials (Sound) on
student / teacher learning

WSOl 2¥ANBE &> ad> | yAOSNE Fazd, CUAversitp af/Palermio, FralyNA | =
McLoughlin, EDublin City University, Ireland

Abstract

This case studyreports on the use of Inquirybased science education (IBSE) materials and
activities on the concept of Sound that have been used to teach lower andper secondary school
students by teachers who have participated in IBSE teacher education (Slovakia, Italy) as well as to
teach preservice teachers (Ireland). Evidence of the impact of this approach and materials has been
collected from both the participating teachers and their students and the results and feedback of this
teaching approach and the impact of IBSE on the studerdse discussedIn particular, the impact on
OOOAAT OO ADPPOAAEAOETT 1T & OEA EI DI OOAT AA T £ OAEAI
inclination towards taking up careers in science and the impact on intrinsic motivation for learning
scienceare considered.

Introduction

Educational systems within Europe are currently facing a massive shift towards the
implementation of Inquiry based science education (IBSE). An IBSE approach is considered to
encourage students” active involvement in their learning comparedttraditional methods. However, it
is not easy to implement this way of teaching into classes since the success of the education reform
movement requires consonance of many elements to be taken into account, such like improvements in
in-service and preservice teacher training, change in curricula and student assessment, instructional
materials available for easy use of teachers, positive atmosphere towards these trends at school, etc.
(Roschelle et col., 2000). The European 7th framework project ESTABLI®htp://www.establish -
fp7.eu) is focused at supporting the use of IBSE methods into classes across Europe. Within the project,
teaching and learning materials have been developed to facilitate inquityased learning. In order to
develop teachers confidentin the use of IBSE, wservice teacher training was provided to enable
teachers to experience and develop their inquiry based teaching strategies using appropriate teaching
and learning materials. Preservice teachers experienced this way of teaching asellr in their own
process of learning science. The igervice teachers that participated in IBSE workshops have
implemented the IBSE materials provided in their classroom. They were also provided with
instruments in order to collect information and data abait the impact of IBSE on their students. The
evaluation of the impact of these IBSE materials and approaches for teaching Physics concepts was
carried out and analysed for three different countries, namely Italy, Ireland and Slovakia.

Methods

In the discipline of physics the project partners are developing several units, i.e. Sound, Heating and
Cooling: Designing a Low Energy House, Direct current electricity, Light: Display and Imaging
Technologies, Medical Imaging. All the developed IBSE units have tlang structure that involves,
providing details of:
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9 Teacher information (Unit description, IBSE character, Science content knowledge,
Pedagogical content knowledge, Industrial content knowledge, Learning paths, Assessment,
Student Learning Activities

1 Classoom materials involving students” worksheets and other materials needed within the
lesson.

Accordingly, the unit of Sound has been the first unit to be implemented and tested in the school
classroom. First, inservice and preservice teachers participatedat teacher training workshops
according to agreed structure considering the national curriculum and other national specifics, e.g.
DAOOEAEDAT 006 AOOOAT O AgpPpAOEAT AA ET OEA EEAT A 1T E

Pre-service teachers were involved in introductory lectures to IBSEnd 9-hours of inquiry-based
labs (Ireland) with emphasis on inquiry-questioning skills. After these sessions their attitude towards
IBSE was probed as well as their assessment of their conceptual understanding of Sound concepts.

In-service teachers parttipated in at least 16hours teachertraining (Slovakia, Italy) to enable
them to implement this way of teaching in their own classrooms. Teachers who participated in teacher
training on Sound by inquiry implemented selected activities in their own classrems at secondary
level in order to gain experience (ltaly, Slovakia) in this approach. After implementing this way of
teaching their attitudes towards IBSE was analysed (Italy). In order to gain feedback from students
they were provided tools to collect eidence about the impact on students (Slovakia), in particular on
OOOAAT OO6 APDPOAAEAOGEITT 1T &£ OEA EIi Bl OOAT AA T £ OAEAI
inclination towards taking up careers in science and the impact on intrinsic motivatiorior learning
science.

Implementation of IBSE in Slovakia

Since 2008 when educational reform was implemented into the educational system, the Slovak
national curriculum gives significant attention to scientific inquiry with emphasis on students” active
independent learning. However, Slovak teachers are not edueat in this approach and there is #ack
of instructional materials for teachers to use in the classroom.

In the period November 2011 to February 2012, 50 secondary schools science teachers
participated in 4-days teacher training in IBSE. Following on fromthis, 14 physics teachers
implemented activities from the Sound unit into their teaching, with each teacher implementing at
least 3 activities in the period of February 2012 to June 2012. A total of 202 upper secondary schools
pupils completed questionnares before and after a series of activities, while 1302 upper secondary
school pupils answered questionnaires after each lesson (for detailed information about the
NOAOGOEI 11 AEOAO OAA +AEOI Ah -8h wWUEh 68h ¢mpc¢Qs8

The after each lesson questionnaire has badocused on intrinsic motivation and is based on the
Intrinsic Motivation survey (Ryan, R., Deci, L. 2000). There were three dimensions assessed:
Interest/Enjoyment, Perceived Choice and Value/Usefulness. The questionnaire responses show that:

In the field of Interest/Enjoyment - to what extent students like the performed activity and find it
interesting z students express the provided learning activities were interesting for them and they
enjoyed them (figure 1).
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Box Plot Graph for Interest/Enjoyment
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Figure 1 Results for the question iterggo what extent students like the performed activity and find it
interesting (each question max.7 points, item 12 has reversed score)

In the field of perceived choicez to what extent students perceive their choice when performing a
given activity z students chose the middle option on average. Data indicates that the students lack of
strong opinion about perceived choicefigure 2).
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Figure 2 Results for the question itemg to what extent students perceive their choice when
performing a givenactivity (each question max. 7 points)

In the field of Value/Usefulnessz how students perceive the value/usefulness of a given activity for
themselves z students overall agreed with each item. The results are similar to the result of
Interest/Enjoyment di mension. Students express the provided activities were slightly useful for them
(figure 3).
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Box Plot Graph for Dimension Value
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Figure 3 Results for the question itenm how students perceive the value/usefulness of a given

activity for themselves (each question max. 7 points)

Another set of question items was aimed at determining the level of communication during the

activity (table 1). Students considered how often they communicated using a fiy@int scale (1-almost
never, 2seldom, 3sometimes, 4often and 5almost always). The communication levels described in

items 1 and 2 were perceived to happen more often indicating that students think that they talked to
each other about solving problems, however, considering explaining ideas to each other, students

chose the middle opion on average.

4AAT A vs 10AOO0EITT1 AEOA EOBAI O
guestionnaire (Taylor, P. C., Fraser B. J., & White, L. R. ,1994))

OOOAAT 0O

Statement mean St dev
| get the chance to talk to the other students. 3,83 1,06
| talk with other students about how to solve problems 3,49 1,05
| explain my ideas to other students 3,08 1,08
| ask other students to explain their ideas 2,98 1,08
Other students ask me to explain my ideas 2,80 1,09
Other students explain theirideas to me. 3,06 1,05

Qu

Al

In the before and after whole teaching (series of activities) questionnaire several aspects were
examined. The results were compared using appropriate statistical testing. A set of 16 questions were
used to assess how students perceive the role of scienaed technology in society (table 2). Students
used a fourpoint scale to express the extent to which they agree or disagree with the statement. The
responses to these set of questions indicates that there is no statistical difference between pre and

post IBSE experience responses.
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4AAT A o8 w@Ai bl A0 T £ NOAOGOGEI 1T AEOA EOAI O AOOAOGC
OAAETT1TcuU ET O1T AEAOU | OAAT AA uv8yh AEOACOAAB8ACOA,
Sjgberg, S., 2004))

before after
Statement mean St mea St
dev n dev

Science and technology are important for society 3,73 0,61 3,48 0,76

New technologies will make work more interesting 3,02 0,79 3,00 0,95

Science and technology can solve nearly all 2,05 0,83 2,11 0,94
problems

We should always trust what scientists have to sayy 2,02 0,81 2,16 0,87

Scientists are neutral and objective. 2,29 0,86 2,41 0,88

Scientific theories develop and change all the time 3,32 0,77 3,16 0,85

In the set of questions assessing student opinion about learning and understanding science (table
3), the analysis shows significant difference between responses to the pre and post questionnaires in
items 2 and 6.

Table 3. Examples of test items resutis opinion about learning and understanding science (scaled

VBWh AEOACOAABACOAAQ j AAADPOAA AEOT T %" 103 NOAOOEI I
2004))
Statement before after

mean | Stdev mean | Stdev

When it comes to understandingphysics or chemistry,

e T EDINES B A e aieisbdinb b 1,7 1,2 2,27 1,2
OAT Al AROET ¢ AAAOGO EOT B8O O 70 28 ! 23

When learning science, people can understand the

. . . : . 2,77 1,33 2,33 1,38
material better if they relate it to their own ideas.

If biology, physics or chemistry teachers gaveeally clear
lectures, with plenty of reatlife examples and sample
problems, then most good students could learn those 0,52 0,83 0,88 1,09
subjects without doing lots of sample questions and
practice problems on their own.

To understand chemistry and physics, the formulas
(equations) are really the main thing. The other material
is mostly to help you decide which equations to use in
which situations.

1,87 1,28 1,86 1,25

AEAOA xAO A OAO T &£ NOAOOEIT O AOOAOOEI ¢ OOOAAT OO
towards taking up career in science or technology (table 4). The analysis of this field shows significant
difference between pre and post questionnaire in thetems 1, 9, 11 and 15. Their positive attitude
towards science lessons increased (item 15) however there is no significant difference inzipke of
careers in science or technology after experiencing IBSE activities.
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Table 4. Examples of test items s on opinion about how students perceive science lessons and

OEAEO AOOEOOAA O xAOAO OAEET ¢ Obp AAOAAO ET OAEAT A
from ROSE questionnaire (Schreiner, C. , Sjgberg, S., 2004))

before after
Statement Mean St dev mean St dev
School science is a difficult subject. 2,77 0,89 2,93 0,84
School science is rather easy for me to learn. 2,38 0,78 2,23 0,83
School science has made me more critical and skeptical. 2,05 0,93 2,38 0,85
School science hamcreased my appreciation of nature. 2,36 0,96 2,57 0,97
| would like to become a scientist. 1,93 1,03 2,02 1,00
I would like to have as much science as possible at schog 2,00 0,93 2,16 1,02
I would like to get a job in technology. 2,09 1,05 2,26 1,01
"AOAA 11 OEA OAOPI T OAOG O OEAOA NOAOOEITT AEOAO I

the activities they carried out is positive; they consider them interesting, enjoyable and useful. There is
indication of a slight impact on studentamotivation and attitude towards science lessons, nevertheless
the impact on students views on science and its role in society has not changed, neither has their
inclination towards taking up careers in science or technology.

Implementation of IBSE in Ita ly

Some relevant aspects of IBSE are formally present in the Italian National Science Curriculum. It is
clearly stated that at the end of their studies the students should be confident with the different
aspects of the experimental methods, where the experime is to be considered a reasoned inquiry of
natural phenomena, a tool for control of different interpretative hypotheses and critical analysis of
data and reliability of measurement procedures. However, Italian science teachers are often not well
trained in IBSE and its relevant aspects. This applies particularly to upper secondary school physics
teachers that often have a mathematics degree and very limited experience in laboratory activities
from their university studies.

Within the ESTABLISH project, ane-day presentation of IBSE was held in Palermo in April 2010
for in-service teachers from all over Sicily. After this event, teachers were selected and 30 teachers
initially agreed to participate but actually a total of 22 participated in all the subsegent activities (12
upper secondary school teachers and 10 lower secondary school teachers).

&EOA O £#ZEAEAT 6 A&O0I1 AAUO 1T &£/ OOAETEIC O1 OEA )"
and November 2011 at an IBSE laboratory in the Physics Department at the University of Palermo. But
many more afternoons of informal training were also facitated for teachers wishing to practice more
with the IBSE material and documentation made available on the ESTABLISH website, and with the
technology based equipment available in the laboratory. This equipment is similar to that often
present in the teach 008 T x1 OAET 11 1 AAT OAOI OEAOh ADOO OA
training/time/motivation.

After this training phase, the teachers used some parts of two of the ESTABLISH Units in their
Al AGOGOTTi1 O OEOI OCEI 60 ¢mpcgq O03¢TAATAQ AT Al »O( ATADEC |
Two of the teachers subsequently incorporated the Sound Unit in their own teaching, adapting their
lesson and topics taught in their classes to the relevant content and methods. Three Fddly meetings
were held at the end of Mech 2012 to review what had been done with the students and to make
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some needed changes and amendments to the various pedagogical activities. A further three-taif
meetings were held in May 2012 and were dedicated to reviewing the final outcomes frometHJnit
trials and to collect teacher feedback about the actual implementation of IBSE activities in their
schools.

In general, it was agreed that the IBSE activities were well fitted to the Italian Physics curriculum. It
requested that more detail should be given in describing the activities to be performed and in the
theoretical aspects behind the IBSE activities. Something all teachers noticed and reported whse t
unconditional and substantial enthusiasm of students participating in IBSE activities. The believed that
the students always found that physics introduced through an IBSE methodology was more enjoyable
and less difficult to follow and understand. Beforestarting the training phase at Department of Physics
teachers answered a preguestionnaire aimed at analyzing their views of inquiry teaching and
approaches, as well as their attitudes and views towards science and teaching science. After
completing the training sessions and experimenting the IBSE methodology in their classes teachers
were answered a postquestionnaire to see if the IBSE training and kelass implementation was
effective in modifying some aspects of their views of inquiry teaching and appaches. The comparison
between teacher answers before and after IBSE activities are reported in Tables 5, 6 andRfom
Table 5 it is easy to see that after training and #olass implementation of IBSE methods and teaching
units teachers seem to better uderstand the meaning of inquiry based education, their role as
teachers in an IBSE teaching environment and the possibility to effectively perform IBSE in their
classrooms. Also, after training, more teachers believe that the use of inquiry is appropdato
achieving the aims of the curriculum.

4AAT A w8 %gAi bl A0 T £ OAOO EOAI OAOGOI OO0 11 OAAAED-Z

before after

Statement
Mean St dev mean St dev

y AT T60 AO01IT U O AAROOOAT A | 272 0.88 1.59 0.59
Yy AT160 A£O01 1T U O1 AROOOAT A | 297 0.63 150 0.59
classroom.

) AT1860 A&O0I1T U O AAOOOAT A (

L 2.09 0.29 1.13 0.47
inquiry classroom.

| think inquiry takes too much classroom timefor me to

: 2.82 0.58 1.82 0.66
implement

The use of inquiry is appropriate to achieving the aims of

i 4.00 0 4.5 0.51
the curriculum.

Inquiry -based teaching is only suitable for very capable

2.09 0.29 1.63 0.79
students

Inquiry will never be my main teaching method. 2.27 0.88 1.50 0.60

Fortunately, the need for links between Industry Content Knowledge and what it is taught at school
was clear to the teacher sample also before the IBSE training, as shown in Table 6. Nevertheless an
improvement on OAAAEAOO8 OEAxO AAT 06O OEEO AOPAAO AAT Al
activities implementation.
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