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A. Background to this report 

 

 

This report is a deliverable of Work Package 6 (WP6) of the European FP7-funded project 
ά9ǳǊƻǇŜŀƴ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ ƛƴ !ŎǘƛƻƴΥ .ǳƛƭŘƛƴƎ [ƛƴƪǎ ǿƛǘƘ LƴŘǳǎǘǊȅΣ {ŎƘƻƻƭǎ ŀƴŘ 
IƻƳŜέ ό9{¢!.[L{IΤ нпптпфΣ нлмл-2013).  This deliverable, Deliverable 5.6, presents case 
studies of science teacher training in Inquiry Based Science Education (IBSE) ς selected 
models adopted by ESTABLISH beneficiaries (Table 1) to for implementing and evaluating 
science teacher professional development and implementing and evaluating classroom 
practice.  
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The utilisation and release of this document is subject to the conditions of the contract 
within the Seventh Framework Programme, project reference FP7-SIS-2009-1-244749 and 
ǊŜŦƭŜŎǘǎ ǘƘŜ ŀǳǘƘƻǊǎΩ ǾƛŜǿǎΤ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴ ƛǎ ƴƻǘ ƭƛŀōƭŜ ŦƻǊ any use that may be made of 
the information contained therein. 

For further information regarding ESTABLISH please contact: 

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

Email:  info@establish-fp7.eu 

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

  

http://www.establish-fp7.eu/


Project No: 244749 ESTABLISH Science in Society / CSA 

Page iii 

WP5 Deliverable 5.6 

 

The ESTABLISH consortium 
Beneficiary 
short name 

Beneficiary name Country Abbreviation 

DCU DUBLIN CITY UNIVERSITY Ireland IE 

AGES AG EDUCATION SERVICES Ireland IE 

UmU UMEA UNIVERSITET Sweden SE 

JU UNIWERSYTET JAGIELLONSKI Poland PL 

CUNI UNIVERZITA KARLOVA V PRAZE Czech Republic CZ 

AL ACROSSLIMITS LIMITED Malta MT 

UPJS 
UNIVERZITA PAVLA JOZ9C! ~!C#wLY! ± 

Yh~L/L!/I 
Slovakia SK 

UTARTU TARTU ULIKOOL Estonia EE 

UNIPA UNIVERSITA DEGLI STUDI DI PALERMO Italy IT 

MaH MALMÖ UNIVERSITY Sweden SE 

IPN 
LEIBNIZ-INSTITUT FUER DIE PAEDAGOGIK 

DER NATURWISSENSCHAFTEN UND 
MATHEMATIK AN DER UNIVERSITAT KIEL 

Germany DE 

CMA 
CENTRE FOR MICROCOMPUTER 

APPLICATIONS 
Netherlands NL 

MLU 
MARTIN LUTHER UNIVERSITAET HALLE-

WITTENBERG 
Germany DE 

FU FREDERICK UNIVERSITY Cyprus CY 

 

  



Project No: 244749 ESTABLISH Science in Society / CSA 

Page 1 of 112 

WP5 Deliverable 5.6 

Table of Contents   
 
Table of Contents ................................................................................................................................. 1 

Introduction ......................................................................................................................................... 2 

Investigation of teacher pedagogical content knowledge of scientific inquiry ................................... 3 

Results from a guided inquiry-based teaching-learning path in secondary schools ......................... 10 

Impact of IBSE methods and IBSE materials (Sound) on student/teacher learning .......................... 22 

Investigation of IBSE pre-conditions for teacher pre- and in-service training .................................. 35 

Model and description of IBSE in MINT pre- and in- service teacher training .................................. 48 

Inquiry and assessment in pre-service chemistry teacher education ............................................... 58 

Sustainable model for IBSE in-service teacher education ................................................................. 63 

International cooperation model for IBSE Teacher Education. ......................................................... 69 

Inquiry and Industrial Content Knowledge in teacher education...................................................... 75 

Development and Integration of ICT into Pre-service Teacher Training in IBSE ............................... 78 

Adapting ESTABLISH Units for use in Tertiary Healthcare Education ................................................ 91 

9ƴƘŀƴŎƛƴƎ ǎǘǳŘŜƴǘǎΩ ƛƴǘŜǊŜǎǘǎ ƛƴ ǎŎƛŜƴŎŜ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ŎŀǊŜŜǊǎ ōŀǎŜŘ ƻƴ 9{¢!.[L{I ǳƴƛǘǎ ......... 97 

Implementation of IBSE teacher education and national impact of ESTABLISH ............................. 104 

 

  



Project No: 244749 ESTABLISH Science in Society / CSA 

Page 2 of 112 

WP5 Deliverable 5.6 

Introduction  
The overall objective of ESTABLISH is to facilitate and implement an inquiry-based approach to 

science education for second level students (age 12-18 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 for dissemination of the 

ESTABLISH project and outcomes (D8.1) and on the impact of the engagement with stakeholders 

(D2.3) ɀ which was a unique approach to this FP7 project in involving all stakeholders that make 

change possible. This engagement of stakeholders has been embedded in all aspects of the project ɀ 

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 outset 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 pre-service teachers have played a pivotal role in developing, 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( ÐÁÒÔÎÅÒÓȭ ÎÁÒÒÁÔÉÖÅÓ ÁÂÏÕÔ ÈÏ× ÔÈÅÙ ÈÁÖÅ ÉÍÐÌÅÍÅÎÔÅÄ ÔÈÅ ÉÎ- and pre-service TEP. In 

addition, we have developed ESTABLISH evaluation instruments to determine the impact of the 

ESTABLISH approach on teachers and their students and these have been collated and reported in 

other deliverables ɀ ÉÍÐÁÃÔ ÏÎ ÔÅÁÃÈÅÒÓ ÁÔÔÉÔÕÄÅÓ ÔÏ )"3% ɉ$τȢυ ÁÎÄ $υȢυɊ ÁÎÄ ÉÍÐÁÃÔ ÏÎ ÓÔÕÄÅÎÔÓȭ 

learning (D6.1).  

However, this report (D5.6) presents a selection of 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 countries. The Case 

studies presented emphasize detailed contextual information on specific approaches, opportunities 

and challenges different partners encountered in implementing ESTABLISH IBSE teacher education 

programmes, both pre-service and in-service. 

This selection offers the teacher, educator and researcher a unique insight into approaches adopted 

across Europe involving national collaborations with the National Ministry of Education (Cyprus) or 

international collaboration with ESTABLISH partners (Malta). IBSE teacher education programmes are 

reported with a specific focus of ICT (Netherlands), Industrial Content Knowledge (Sweden, Estonia) 

and assessment (Poland). In addition the ESTABLISH approach and activities/units have been 

incorporated into existing national contests, MINT-Programme (Germany) or Tertiary Healthcare 

Education (Estonia) or developed as new programmes (Czech Republic, Slovakia) Two case studies 

have focussed on initial 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 feedback from in-service teachers after 

workshops (Malta, Italy, Cyprus). An evaluation of the impact on pre-service teachers understanding 

and attitudes to IBSE is also discussed in three of the case studies (Ireland, Germany, and 

Netherlands). This collection of thirteen 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, Università 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 of the results of a course for in-service physics 

teacher education held at University of Palermo in the framework of the ESTABLISH Project  

Introduction  

)Î ÄÅÓÉÇÎÉÎÇ ÉÎÎÏÖÁÔÉÖÅ ÐÅÄÁÇÏÇÉÃÁÌ ÍÁÔÅÒÉÁÌÓ ÉÔ ÉÓ ÃÏÍÍÏÎ ÔÏ ÐÒÏÖÉÄÅ ÓÕÐÐÏÒÔÓ ÆÏÒ ÔÅÁÃÈÅÒÓȭ 

subject matter ËÎÏ×ÌÅÄÇÅ ÁÎÄ ÐÅÄÁÇÏÇÉÃÁÌ ÃÏÎÔÅÎÔ ËÎÏ×ÌÅÄÇÅ ÆÏÒ ÓÔÕÄÅÎÔÓȭ ÉÄÅÁÓ ɉÅȢÇȢȟ 

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 science standards and recent reports (Duschl, 

Schweingruber,& Shouse, 2007; National Research Council, 1996; Singer, Hilton, & Schweingruber, 

2005). Many researchers have shown that  Inquiry-Based (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 inquiry-based instruction and it has been shown that  misconceptions 

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 approaches, it 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 

ÉÄÅÁ ÔÈÁÔ Ȱ IB instruction is the application of the scientific methodȱȢ 

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 is misleading and fails to acknowledge the creativity inherent in the scientific 

process. Research has connected this view with ×ÈÁÔ ÓÃÉÅÎÃÅȭÓ ÎÁÔÕÒÅ ÉÓ ÐÅÒÃÅÉÖÅÄ ÆÒÏÍ ÓÁÍÐÌÅÓ ÏÆ 

pupils and teachers (Akerson, et al., 2000; Lederman, 1992). Some studies showing that science 

teachers persist in holding views about nature of science qualified as empirical or naïvely empirical, 

identify two peculiar aspects in their thinking, involving: - the role accorded to observation, which is 

seen as giving experimental data 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; Abd-El-Khalick, 2005). 
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Other studies report that  teachers carry positivistic views of their discipline: i.e. they teach only the 

knowledge aspects of science and emphasize vocabulary rather than balance knowledge claims with 

knowledge generation and evaluation, and ÐÒÅÓÅÎÔ ÓÃÉÅÎÃÅ ÁÓ Ȱthe ÍÅÔÈÏÄȱ ÏÆ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÔÈÅ 

world (Gess-Newsome, 1999). Additional classroom consequences may include a decreased emphasis 

on inquiry-ÏÒÉÅÎÔÅÄ ÁÎÄ ÐÒÏÂÌÅÍ ÓÏÌÖÉÎÇ ÔÅÁÃÈÉÎÇ ÍÅÔÈÏÄÓ ÔÈÁÔ ÐÏÓÉÔÉÖÅÌÙ ÉÍÐÁÃÔ ÐÕÐÉÌÓȭ ÃÏÎÃÅÐÔÉÏÎÓ 

of science (Gess-Newsome, 1999; Lederman, 1992). 

Teaching IB science entails ambitious learning goals for students and thus is complex and difficult 

for teachers to enact (Marx, et 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 

ÐÈÙÓÉÃÓ ÅÄÕÃÁÔÉÏÎ  ÈÁÖÅ ÓÈÏ×Î ÔÈÁÔ ÔÅÁÃÈÅÒÓ ÁÒÅÎȭÔ ÁÂÌÅ ÔÏ ÍÁËÅ ÔÈÅ Ôransition from a purely 

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 necessity 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 relevant to 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 re-conceptualize 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 the following key points:  

a) to analyse ÃÏÎÃÅÐÔÉÏÎÓȟ ÒÅÁÓÏÎÉÎÇ ÓÃÈÅÍÅÓ ÁÎÄ ÔÅÁÃÈÅÒÓȭ ËÎÏ×ÌÅÄÇÅ ÉÎ ÔÈÅ ÌÉÇÈÔ ÏÆ ÔÈÅ ÓÐÅÃÉÆÉÃ 

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 test a 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 project propose 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 of an 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 them 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 are preferred 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 workshop. They had different 

backgrounds of graduation, pre-service 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 development 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 situation involving the phenomenon of heat conduction through 

different materials was proposed to teachers (see Fig. 1). 

In particular, teachers were requested, through a questionnaire,  to look at seven different flat 

plates, different in material or mass, area and thickness and to predict what happens if seven identical 

ice cubes are placed upon them, i.e. to predict the time sequence of ice cubes melting. As a second 

question, they were requested to put into evidence the parameters they considered relevant in 

influencing the melting process, and to design 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 sheets were photocopied and then returned to teachers for 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 developed common 

discussion guide-lines 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 kinds of 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 practically analysed by 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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Results  

A detailed analysis of teacher incorrect predictions with the related explanations is in progress. 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 considering at a finer grain detail the predicted  melting 

time sequence for the three aluminium plates (of different geometrical characteristics), as well as  the 

ÔÅÁÃÈÅÒÓȭ ÅØÐÌÁÎÁÔÉÏÎÓ ÁÂÏÕÔ ÔÈÅ ÐÁÒÁÍÅÔÅÒÓ ÔÈÁÔ ÈÁÖÅ ÔÏ ÂÅ ÔÁËÅÎ ÉÎÔÏ ÁÃÃÏÕÎÔ ÆÏÒ ÔÈÅ ÃÏÒÒÅÃÔ 

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 

ÐÌÁÔÅÓȭ ÇÅÏÍÅÔrical characteristics (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 based on 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 surfaces 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.  Indeed, 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 second kind 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 and 5 

teachers  that seem to consider thermal capacity as relevant for the explanation of the phenomenon, 

but not plate thickness or thermal conductivity coefficient. It is 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 evaluating 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 on the basis of a partial acknowledgement of relevant variables expressed, 

ÉÎ ÄÉÆÆÅÒÅÎÔ ×ÁÙÓȟ Á ÓÏÒÔ ÏÆ ȰÓÕÒÐÒÉÓÅȱ ×ÉÔÈ ÒÅÓÐÅÃÔ ÔÏ ÔÈÅ ÒÅÓÕÌÔÓȢ 4ÈÅÙ ÄÉÄ ÎÏÔ ÔÒÙ ÔÏ ÓÅÁÒÃÈ ÆÏÒ ÁÎ 

explanation of the differences by showing that their predictions were mainly driven by memory of 

subjects studied  during past courses. Only a few made reference to the necessary comparison 

between what they remembered from textbooks and real-life experience. The great majority of 

teachers at last commented that the approach to the proposed 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 the different 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 mentioneÄ ɉÁÔ ÌÅÁÓÔ ÏÎÅ ÔÉÍÅɊ ÔÈÅ ÎÅÅÄ ÔÏ ÁÐÐÌÙ ȰÔÈÅȱ 3ÃÉÅÎÔÉÆÉÃ 

Method (SM) in order to solve the different problems involved in the analysis of an experimental 

situation. When requested to clarify what this means, most teachers recited from memory the steps of 
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this process (with only minor variations): observe, develop a hypothesis, conduct an experiment, 

analyse data, state conclusions framed in some theory and generate new questions. In their idea, these 

unproblematic rules give them the guarantee to always 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 

ÔÈÅ ÈÉÇÈ ÓÃÈÏÏÌ ÐÈÙÓÉÃÓ ÔÅØÔÂÏÏË ÈÁÓ ÔÈÅ ÔÉÔÌÅ Ȱ 4ÈÅ 3ÃÉÅÎÔÉÆÉÃ -ÅÔÈÏÄȱȢ 

Another relevant factor is connected with teachers idea of scientific explanation; very few teachers 

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

of that phenomenon with hypothesized events, properties, or structures that are not directly 

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

ÎÁÔÕÒÅ ɉÁÓ ÆÏÒ ÅØÁÍÐÌÅ ÆÏÒÃÅÓȟ ÅÎÅÒÇÙȟȣȢɊȢ 4ÈÅÙ ÄÉÄ ÎÏÔ ÓÈÏ× Á ÃÌÅÁÒ  ÄÉÓÔÉÎÃÔÉÏÎ ÂÅÔ×ÅÅÎ ÅØÐÌÁÎÁÔÉÏÎ 

and description, by often using observations or empirical 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 our work , integrated with the answers to 

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

×ÈÁÔ ÔÈÅ ÔÅÒÍ ȬÓÃÉÅÎÔÉÆÉÃ ÉÎÖÅÓÔÉÇÁÔÉÏÎȭ ÍÅÁÎÓ ÁÎÄ ÈÏ× ÔÈÉÓ ÃÁÎ ÂÅ ÒÅÌÁÔÅÄ ÔÏ ÔÈÅ ÃÏÎÓÔÒÕÃÔÉÏÎ ÏÆ 

scientific knowledge.  

Discussion and conclusions  

The analysis of data previously reported allows us 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 that the way the 

ÐÒÏÐÏÓÅÄ ÓÉÔÕÁÔÉÏÎ ÉÓ ÆÉÒÓÔ ÃÏÎÓÉÄÅÒÅÄȟ ÏÒ ȰÒÅÁÄ-ÏÕÔȱȟ ÐÌÁÙÓ Á ÃÒÕÃÉÁÌ ÒÏÌÅ ÉÎ ÁÃÈÉÅÖÉÎÇ ÁÎ ÁÃÃÕÒÁÔÅ 

description and activating the correct strategies to select the relevant variables. In some cases, these 

strategies seem ÔÏ ÁÃÔÉÖÁÔÅ ȰÔÅØÔÂÏÏË-ÌÉËÅȱ ÃÏÇÎÉÔÉÖÅ ÒÅÓÏÕÒÃÅÓ ÌÉËÅ ÍÅÍÏÒÙ ÁÎÄ ÆÏÒÍÕÌÁÓȟ ÁÃÔÉÎÇ ÁÓ 

ÃÏÎÃÅÐÔÕÁÌ ÏÂÓÔÁÃÌÅÓ ÔÏ ÔÈÅ )" ÁÐÐÒÏÁÃÈȢ 4ÈÉÓȟ ÉÎ ÓÏÍÅ ×ÁÙÓ ×ÏÒËÓ ÌÉËÅ Á ÓÏÒÔ ÏÆ ȰÓÈÏÒÔ-circuit of 

ËÎÏ×ÌÅÄÇÅȱȟ ÁÖÏÉÄÉÎÇ Á ÐÈÅÎÏÍÅÎÏÌÏÇÉÃÁÌ ÁÐÐÒÏÁÃÈ ÔÏ ÔÈÅ ÐÒÏÂÌÅÍ ÁÎÄ Á ÃÏÍÐÌÅÔÅ ÆÏÒÍÕÌÁÔÉÏÎ ÏÆ 

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 view that the 

scientific method is a fixed step-by-ÓÔÅÐ ÐÒÏÃÅÓÓȠ ÍÁÎÙ ÔÅÁÃÈÅÒÓ ÅØÐÌÉÃÉÔÌÙ ÄÅÃÌÁÒÅÄ ÔÈÁÔ ȰÓÃÉÅÎÃÅ ÉÓ Á 

systematic process and that only by following these steps in an orderly way, valid scientific knowledge 

ÃÁÎ ÂÅ ÃÏÎÓÔÒÕÃÔÅÄȢȱ 4ÅÁÃÈÅÒÓ ÍÁÙ ÈÁÖÅ ÔÈÅse uninformed views about scientific inquiry as a result of 

the traditional portrayal of recipe-like experiments in science textbooks, as textbooks often play a vital 

role in understanding the process of science (Abd-El-Khalick, et al., 2008). It may therefore 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 (Abd-El-Khalick 

& Lederman, 2000; Abd-El-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 where teachers are expert show a greater 

involvement of teachers that pay a greater attention to inquiry procedures rather than to the correct 

application of disciplinary knowledgeȢ )Î ÔÈÉÓ ×ÁÙ ÔÈÅ ÐÒÅÖÉÏÕÓÌÙ ÃÉÔÅÄ ȰÓÈÏÒÔ-ÃÉÒÃÕÉÔ ÏÆ ËÎÏ×ÌÅÄÇÅȱ 

seems to be avoided and teachers can activate the reasoning resources necessary for a profitable 

development of their Pedagogical Content Knowledge about SI. Moreover teachers need to gain a more 

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 school s 

Nicola Pizzolato, Claudio Fazio, Rosa Maria Sperandeo-Mineo and Onofrio Rosario Battaglia 
Dipartimento di Fisica e Chimica, Università di Palermo, Italia. 

Abstract  

The Italian partners of ESTALISH prepared a Guided Inquiry-based teaching-learning unit on 

ÔÈÅÒÍÁÌ ÓÃÉÅÎÃÅȢ )Î ÆÁÃÔȟ ÂÙ ÆÏÌÌÏ×ÉÎÇ ÔÈÅ ÐÒÏÊÅÃÔȭÓ ÇÕÉÄÅÌÉÎÅÓȟ ÔÈÅ University of Palermo Physics 

Education Research Group (UoP-PERG) developed a teaching/learning unit about the actual problem 

of applying energy saving strategies on the construction of low energy houses. The preparation and 

experimentation of this inquiry-based teaching-learning path by partners from UoP-PERG in 

collaboration with Sicilian secondary school teachers is presented. 

Introduction  

The unit (available at http://www.uop -perg.unipa.it/establish/classroom_materials.htm) is aimed 

at engaging high school students in designing and building an energy-efficient 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 basic 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 of thermal energy transfer (conduction, convection and radiation).   

The unit is presented with four subunits as outlined: 

¶ 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. 

¶ Subunit 2 analyses the role of different materials in heat dispersion by developing the 

relevant concepts connected with energy transfer through conduction. 

¶ Subunit 3 analyses energy transfer in fluid material and the main concepts connected with 

the convection process. 

¶ 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 mainly devoted to 14-16 year old students. However, a specific deepening, involving more 

mathematisation of data analysis and theoretical formalization, is designed for 16-18 year old 

students. The estimated duration of the whole unit is 30 hours. However, it could be used partially 

and/or at different deepening levels. The unit uses hands-on 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 in-service teachers, in terms of a pilot 

validation, and then administrated to a wide sample of secondary school students. In particular, a 

http://www.uop-perg.unipa.it/establish/classroom_materials.htm
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sample of 22 teachers, distributed among science teachers at lower secondary schools and physics 

teachers at upper secondary schools, 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 teaching-ÌÅÁÒÎÉÎÇ ÕÎÉÔ Ȱ! ,Ï× %ÎÅÒÇÙ (ÏÕÓÅȱ ×ÉÔÈÉÎ ÔÈÅ ÃÕÒÒÉÃÕÌÁÒ ÁÃÔÉÖities of 

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 inquiry based learning. 

In Figure 1 we show just two pictures of the activities carried out by the students within the 

ESTABLISH inquiry-based learning path. Much more information on all the specific activities can be 

found in short video available at the web page:  http://www.uop -perg.unipa.it/establish/tools.htm  

(Video ICS Guglielmo II) 

 

 

 

 

 

Figure 1. Pictures from learning paths experienced within the ESTABLISH Project.  

Figure 1 Pictures from learning paths experienced within the ESTABLISH Project.  

 

The results of the unit experimentation at secondary school are provided and discussed in the next  

section. In it, explicit attention is given ÔÏ ÔÈÅ ÓÔÕÄÅÎÔÓȭ ÏÕÔÃÏÍÅÓȟ ÅØÐÌÏÒÉÎÇ ÔÈeir perceptions of 

science as a subject to study at school, their ideas about the usefulness of scientific knowledge in 

everyday life. The efficacy of a GI-based teaching approach is tested both in terms of motivation to 

learn and development of nature of science views.   

3ÔÕÄÅÎÔÓȭ ÅØÐÅÒÉÅÎÃÅ ÏÆ ÓÃÉÅÎÔÉÆÉÃ ÉÎÑÕÉÒÙ  

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 section 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 spent about 25 hours to experience the unit. 

4ÈÅ %34!",)3( ÐÒÏÊÅÃÔ ÄÅÖÅÌÏÐÅÄ Ô×Ï ÓÐÅÃÉÆÉÃ ÑÕÅÓÔÉÏÎÎÁÉÒÅÓ ÔÏ ÃÏÌÌÅÃÔ ÔÈÅ ÓÔÕÄÅÎÔÓȭ ÆÅÅÄÂÁÃË 

before and after a series of several learning subunits for upper (Questionnaire 2A) and lower 

(Questionnaire 2B) secondary school, 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 of science. The 

ÒÅÓÕÌÔÓ ÐÒÅÓÅÎÔÅÄ ÂÅÌÏ× ×ÅÒÅ ÏÂÔÁÉÎÅÄ ÆÒÏÍ ÔÈÅ ÁÎÁÌÙÓÉÓ ÔÈÅ ÓÔÕÄÅÎÔÓȭ ÏÕÔÃÏÍÅÓ ÔÏ ÔÈÅÓÅ 

questionnaires. 

http://www.uop-perg.unipa.it/establish/tools.htm
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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 between 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.   

4ÈÅ ÆÉÒÓÔ ÐÁÒÔȟ ÅÎÔÉÔÌÅÄ Ȱ-Ù ÓÃÉÅÎÃÅ ÃÌÁÓÓÅÓȱȟ ÉÓ ÄÅÖÏÔÅÄ ÔÏ ÃÏÌÌÅÃÔ ÉÎÆÏÒÍÁÔÉÏÎ ÁÂÏÕÔ ÔÈÅ ÓÔÕÄÅÎÔÓȭ 

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. 

¶ School science is interesting. 

¶ School science is rather easy for me to learn. 

¶ I like school science better than most other subjects. 

¶ I think everybody should learn science at school. 

¶ The things that I learn in science at school will be helpful in my everyday life. 

¶ 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 take better care of my health. 

¶ I 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. 

For each of the above items, the students were asked to express their own opinion by assigning a 

score in the range 1-4, corresponding to the four-point Likert scale: (1) Disagree, (2) Uncertain-

disagree, (3) Uncertain-agree, 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 over all upper or lower secondary students, while the diamonds are used to connect 

the 25 and 75 percentiles. Red and green symbols refer to pre-instruction and post-instruction data, 

respectively.   

The analysis of pre-instruction data shows that the LS students 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, with some degree of uncertainty, a 

job in technology.  

Post-instruction 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 awareness of 

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 of 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 uncertain-agree 

score concerning the interest for scientific knowledge. Despite this, they believe that 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.  

"Ù ÓÕÍÍÁÒÉÚÉÎÇ ÔÈÅ ÒÅÓÕÌÔÓ ÆÒÏÍ Ȱ-Ù ÓÃÉÅÎÃÅ ÃÌÁÓÓÅÓȱ ÓÕÒÖÅÙȟ ×Å ÍÁÙ ÁÓÓÅÒÔ ÔÈÁÔ ÔÈÅ ')-based 

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 examples that 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 students with 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 subject to learn, with few 

practical applications to the world around them, as instead in the case of the work made by scientists. 

The majority of students probably started this experience with the personal convincement that 

scientists are exceptionally endowed people, as usually considered by common people, and this is the 

main reason for their concerns about getting a job in science. This experience should have helped the 

students to realize that no difference exists between science at school and the real scientific 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 point 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 interesting. 

¶ 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. 
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Figure 2a Results from the ESTABLISH project in Italy. The topics within Ȱ-Ù ÓÃÉÅÎÃÅ ÃÌÁÓÓȱ ×ÅÒÅ ÓÅÌÅÃÔÅÄ 

ÆÒÏÍ ÔÈÅ ÉÔÅÍÓ ÏÆ ÑÕÅÓÔÉÏÎÎÁÉÒÅÓ φ! ÁÎÄ φ" ÏÆ ÔÈÅ %34!",)3( ÔÏÏÌÓ ÆÏÒ ÔÈÅ ÁÃÈÉÅÖÅÍÅÎÔ ÏÆ ÓÔÕÄÅÎÔÓȭ 

feedback before and after a series of several learning units. Squares indicate the mean values and 

diamond the 25th and 75th percentiles. 
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Figure 2b 2ÅÓÕÌÔÓ ÆÒÏÍ ÔÈÅ %34!",)3( ÐÒÏÊÅÃÔ ÉÎ )ÔÁÌÙȢ 4ÈÅ ÔÏÐÉÃÓ ×ÉÔÈÉÎ Ȱ-Ù ÓÃÉÅÎÃÅ ÃÌÁÓÓȱ ×ÅÒÅ ÓÅÌÅÃÔÅÄ 

ÆÒÏÍ ÔÈÅ ÉÔÅÍÓ ÏÆ ÑÕÅÓÔÉÏÎÎÁÉÒÅÓ φ! ÁÎÄ φ" ÏÆ ÔÈÅ %34!",)3( ÔÏÏÌÓ ÆÏÒ ÔÈÅ ÁÃÈÉÅÖÅÍÅÎÔ ÏÆ ÓÔÕÄÅÎÔÓȭ 

feedback before and after a series of 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/post-instruction 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 maintained essentially 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 positive 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 all problems.   

A common part of the ESTABLISH 2A-ς" ÑÕÅÓÔÉÏÎÎÁÉÒÅÓ ÉÓ ÅÎÔÉÔÌÅÄ Ȱ7ÈÁÔ ÄÏ ) ÔÈÉÎË ÁÂÏÕÔ ÔÈÅ 

ÆÏÌÌÏ×ÉÎÇ ÄÉÓÃÕÓÓÉÏÎÓȩȱ ÁÎÄ ÁÓËÓ ÔÈÅ ÓÔÕÄÅÎÔÓ ÔÏ ÅØÐÒÅÓÓ ÔÈÅÉÒ ÁÇÒÅÅÍÅÎÔ ÏÒ ÄÉÓÁÇÒÅÅÍÅÎÔ ×ÉÔÈ ÏÎÅ 

student or the other who disagree about some issue. The proposed 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 science, the 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. 

The results of the students outcomes are summarized in Table 1, where the percentages of students 

in agreement with the specific statements are reported. 

Table 1. 2ÅÓÕÌÔÓ ÆÒÏÍ ,3 ÁÎÄ 53 ÓÔÕÄÅÎÔÓȭ ÒÅÓÐÏÎÓÅÓ ÔÏ ÔÈÅ %34!",)3( φ!-2B questionnaires about 

NOS-ÒÅÌÁÔÅÄ ÃÏÎÃÅÐÔÓȡ Ȱ7ÈÁÔ ÄÏ ) ÔÈÉÎË ÁÂÏÕÔ ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ÄÉÓÃÕÓÓÉÏÎÓȩȱ 

NOS-related concepts 

Percentage of agreement 

LS US 

Before After Before After 

Science can be learnt only by studying textbooks, 

avoiding to follow own experiences 
73% 64% 52% 31% 

Remembering facts is very important to understand 

science 
86% 72% 78% 67% 

To understand science, the formulas are really the 

main thing 
77% 61% 85% 62% 

In science, the facts speak for themselves and cannot 

support multiple theories 
55% 52% 48% 43% 

A theory explaining experimental results cannot 

change 
88% 73% 84% 65% 
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Figure 3a.  2ÅÓÕÌÔÓ ÆÒÏÍ ÔÈÅ %34!",)3( ÐÒÏÊÅÃÔ ÉÎ )ÔÁÌÙȢ 4ÈÅ ÔÏÐÉÃÓ ×ÉÔÈÉÎ Ȱ/ÐÉÎÉÏÎÓ ÁÂÏÕÔ ÓÃÉÅÎÃÅ 

ÁÎÄ ÔÅÃÈÎÏÌÏÇÙȱ ×ÅÒÅ ÓÅÌÅÃÔÅÄ ÆÒÏÍ ÔÈÅ ÉÔÅÍÓ ÏÆ ÑÕÅÓÔÉÏÎÎÁÉÒÅÓ φ! ÁÎÄ φ" ÏÆ ÔÈÅ %34!",)3( ÔÏÏÌÓ ÆÏÒ ÔÈÅ 

ÁÃÈÉÅÖÅÍÅÎÔ ÏÆ ÓÔÕÄÅÎÔÓȭ ÆÅÅÄÂÁÃË ÂÅÆÏÒÅ ÁÎÄ ÁÆÔÅÒ Á ÓÅÒÉÅÓ ÏÆ several learning units. Squares indicate the 

mean values and diamonds the 25th and 75th percentiles. 
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Figure 3b.  2ÅÓÕÌÔÓ ÆÒÏÍ ÔÈÅ %34!",)3( ÐÒÏÊÅÃÔ ÉÎ )ÔÁÌÙȢ 4ÈÅ ÔÏÐÉÃÓ ×ÉÔÈÉÎ Ȱ/ÐÉÎÉÏÎÓ ÁÂÏÕÔ ÓÃÉÅÎÃÅ 

ÁÎÄ ÔÅÃÈÎÏÌÏÇÙȱ ×ÅÒÅ ÓÅÌÅÃÔÅÄ ÆÒÏÍ ÔÈÅ ÉÔÅÍÓ ÏÆ ÑÕÅÓÔionnaires 2A and 2B of the ESTABLISH tools for the 

ÁÃÈÉÅÖÅÍÅÎÔ ÏÆ ÓÔÕÄÅÎÔÓȭ ÆÅÅÄÂÁÃË ÂÅÆÏÒÅ ÁÎÄ ÁÆÔÅÒ Á ÓÅÒÉÅÓ ÏÆ ÓÅÖÅÒÁÌ ÌÅÁÒÎÉÎÇ ÕÎÉÔÓȢ 3ÑÕÁÒÅÓ ÉÎÄÉÃÁÔÅ ÔÈÅ 

mean values and diamonds the 25th and 75th percentiles. 

 

The ESTABLISH questionnaires focused on those aspects of NOS which are the most commonly 

ÏÂÓÅÒÖÅÄ ÉÎ ÓÔÕÄÅÎÔÓȭ ÄÉÓÃÕÓÓÉÏÎÓ ÁÂÏÕÔ ÓÃÉÅÎÃÅȢ 4ÈÅ ÆÁÃÔ ÏÆ ÃÏÎÓÉÄÅÒÉÎÇ ÔÈÅ ÔÅØÔÂÏÏË ÁÓ Á ÓÁÃÒÅÄ ÏÒÁÃÌÅ 

of absolute truths (the formulas), independently from personal experiences, 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 represent the percentages of LS or US students who agreed with the idea exposed 

in that specific statement, respectively before and after experiencing the GI-based learning path. Our 

pre-activity results show very high percentages, as expected in learners who have never 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 from 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 

underlying tÈÅ ÒÅÓÏÌÕÔÉÏÎ ÐÒÏÃÅÓÓȢ 4ÈÉÓ ÆÉÎÄÉÎÇ ÉÓ ÍÏÒÅ ÅÖÉÄÅÎÔ ÉÎ 53 ÓÔÕÄÅÎÔÓȭ ÒÅÓÐÏÎÓÅÓȟ ÐÒÏÂÁÂÌÙ 

because in LS classes the use of mathematics to solve a physics problem is less preferred. Another 

difference between LS and US pre-ÉÎÓÔÒÕÃÔÉÏÎ ÓÔÕÄÅÎÔÓȭ ÐÅÒÃÅÎÔÁÇÅÓ ÃÏncerns the relevance of 

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 students 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 importance of personal 

experiences in addition to the textbook.  

 In general, post-activity percentages are all lower than those recorded before the beginning of the 

ÐÒÏÊÅÃÔȢ (Ï×ÅÖÅÒȟ ÔÈÉÓ ÒÅÄÕÃÔÉÏÎ ÉÓ ÂÁÒÅÌÙ ÎÏÔÉÃÅÁÂÌÅ ÉÎ ,3 ÓÔÕÄÅÎÔÓȭ ÐÅÒÃÅÎÔÁÇÅÓȟ ×ÈÉÌÅ Á ÌÉÔÔÌÅ more 

ÅÖÉÄÅÎÔ ÉÎ 53 ÓÔÕÄÅÎÔÓȭ ÏÕÔÃÏÍÅÓȢ )Î ÐÁÒÔÉÃÕÌÁÒȟ ÔÈÅÓÅ ÌÁÔÔÅÒ  ×ÅÒÅ ÍÏÓÔÌÙ ÒÅÄÕÃÅÄ ÏÎÌÙ ÉÎ ÃÏÎÎÅÃÔÉÏÎ 

with the first, the third and the fifth statements.    Globally, our results suggest that secondary school 

students, engaged in GI-based experiences and 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 the context of the ESTABLISH experimentation at 

secondary school has been focused on the efficacy of a GI-based teaching approach to motivate the 

students to learn science. Motivation plays a critical role in student learning and achievement, mainly 

because it 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 

ɉ3ÃÈÏÅÎÆÅÌÄȟ ρωωςɊȟ ÄÅÍÏÎÓÔÒÁÔÅÓ ÔÈÁÔ ÓÔÕÄÅÎÔÓȭ ÍÏÔÉÖÁÔÉÏÎȟ ÁÆfect, strategies, and beliefs about 

knowledge in these disciplines can influence their learning and performance. The motivational issue 

ÈÁÓ ÂÅÅÎ ÁÌÒÅÁÄÙ ÐÁÒÔÉÁÌÌÙ ÉÎÖÅÓÔÉÇÁÔÅÄ ÂÙ ÍÅÁÎ ÏÆ ÔÈÅ ÓÔÕÄÅÎÔÓȭ ÏÕÔÃÏÍÅÓ ÔÏ ÔÈÅ Ô×Ï %34!",)3( 

questionnaires, in which their 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 the students were asked to 

express their agreement about the following motivational aspects (selected from Glynn and Koballa, 

2006): 

¶ Intrinsically Motivated Science Learning (I enjoy learning science; I like science that 

challenges me; understanding science gives me a sense of accomplishment.) 

¶ Extrinsically Motivated Science Learning (I like to do better than the other students on 

science tests.) 

¶ Personal Relevance of Learning Science (I think about how I will use the science I learn; the 

science I learn has practical value for me.) 

¶ Self-Determination to Learn Science (If I am having trouble learning science, I try to figure 

out why.) 

¶ Self-Efficacy for Learning Science (I am confident I will do well on the science tests.) 

The students rated these aspects both prior to and after the GI-based 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 

ÓÔÕÄÅÎÔÓȟ ÒÅÓÐÅÃÔÉÖÅÌÙȢ )Î 4ÁÂÌÅ ς ÔÈÅ ÓÔÕÄÅÎÔÓȭ ÏÕÔÃÏÍÅÓ ÁÒÅ ÓÕÍÍÁÒÉÚÅÄȟ ÂÙ ÁÄÏÐÔÉÎÇ ÔÈÅ ÓÁÍÅ 

format as in Table 1.  
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Table 2. ,3 ÁÎÄ 53 ÓÔÕÄÅÎÔÓȭ ÐÅÒÃÅÎÔÁÇÅÓ ÏÆ ÁÇÒÅÅÍÅÎÔ ÔÏ ÍÏÔÉÖÁÔÉÏÎÁÌ ÓÔÁÔÅÍÅÎÔÓȢ 

Motivation-related aspects 

Percentage of agreement 

LS US 

Before After Before After 

I enjoy learning science. 79% 84% 52% 81% 

I like science that challenges me. 56% 73% 48% 77% 

Understanding science gives me a sense of 

accomplishment. 
76% 91% 65% 83% 

I like to do better than the other students on science 

tests. 
81% 75% 78% 67% 

I think about how I will use the science I learn 38% 78% 41% 73% 

The science I learn has practical value for me. 37% 61% 44% 73% 

If I am having trouble learning science, I try to figure 

out why. 
68% 72% 62% 79% 

I am confident I 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 considering that 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 GI-

based learning path indicate a prominent appreciation of the project. Lower percentages characterize 

ÓÔÕÄÅÎÔÓȭ ÐÒÅ-instruction answers to the item concerning science as a challenge, probably because they 

connect this topic to a sort of evaluation of their learning. However, post-instruction 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 post-instruction ratings 

concerning the sense of accomplishment they feel when they understand science. It is interesting to 

note that the experience of inquiry learning, by stimulating collaborative work, reduces the feeling of 

ÃÏÍÐÅÔÉÔÉÏÎ ÁÍÏÎÇ ÓÔÕÄÅÎÔÓ ÏÎ ÓÃÉÅÎÃÅ ÔÅÓÔÓȢ 4ÈÅ ÈÉÇÈÅÒ ÉÎÃÒÅÁÓÅÓ ÉÎ ÓÔÕÄÅÎÔÓȭ ÐÅÒÃÅÎÔÁÇÅÓ ÈÁÖÅ ÂÅÅÎ 

recorded in those two items that address the use and practical value of science learned at school. 

Finally, this GI-based learning experience seems have stimulated the students to strive further to 

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

)Î ÓÕÍÍÁÒÙȟ ÔÈÅ ÓÔÕÄÅÎÔÓȭ ÁÎÓ×ÅÒÓ ÈÉÇÈÌÉÇÈÔ Á ÓÉÇÎÉÆÉÃÁÎÔ ÒÅÓÕÌÔ ÉÎ ÔÅÒÍÓ ÏÆ ÁÎ ÉÎÃÒÅÁÓÅ ÏÆ ÔÈÅÉÒ 

interest and motivation to learn science, but the experienced GI-based learning path does not seem to 

engage enough the students to 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.  

  



Project No: 244749 ESTABLISH Science in Society / CSA 

Page 21 of 112 

WP5 Deliverable 5.6 

References 

Glynn S M, & Koballa T R Jr. 2006 Motivation to learn college science. In J. J. Mintzes & W. H. Leonard 

(Eds.), Handbook of college science teaching (pp. 25-32). Arlington, VA: National Science Teachers 

Association Press. 

Pintrich P R 2003 A Motivational Science Perspective on the Role of Student Motivation in Learning 

and Teaching Contexts. Journal of Educational Psychology, 95(4), 667ɀ686. 

Schoenfeld A H 1992 Learning to think mathematically: Problem solving, metacognition, and sense-

making in mathematics, in Handbook for Research on Mathematics Teaching and Learning, edited by 

D. Grouws (MacMillan, New York), p. 334. 

 

  



Project No: 244749 ESTABLISH Science in Society / CSA 

Page 22 of 112 

WP5 Deliverable 5.6 

Case Study 3: Slovakia, Italy, Ireland  

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

WŜǑƪƻǾłΣ ½., YƛǊŜǑΣ aΦΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ tΦWΣ ~ŀŦłǊƛƪΣ {ƭƻǾŀƪƛŀ;  Fazio, C., University of Palermo, Italy; 
McLoughlin, E., Dublin City University, Ireland. 

Abstract  

This case study reports on the use of Inquiry-based science education (IBSE) materials and 

activities on the concept of Sound that have been used to teach lower and upper secondary school 

students by teachers who have participated in IBSE teacher education (Slovakia, Italy) as well as to 

teach pre-service 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 students are discussed. In particular, the impact on 

ÓÔÕÄÅÎÔÓȭ ÁÐÐÒÅÃÉÁÔÉÏÎ ÏÆ ÔÈÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÓÃÉÅÎÃÅ ÁÎÄ ÔÅÃÈÎÏÌÏÇÙ ÉÎ ÓÏÃÉÅÔÙȟ ÔÈÅ ÉÍÐÁÃÔ ÏÎ ÓÔÕÄÅÎÔÓǰ 

inclination towards taking up careers in science and the impact on intrinsic motivation for learning 

science are 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 compared to traditional 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 pre-service 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 ESTABLISH (http://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 inquiry-based learning.  In order to 

develop teachers confident in the use of IBSE, in-service teacher training was provided to enable 

teachers to experience and develop their inquiry based teaching strategies using appropriate teaching 

and learning materials. Pre-service teachers experienced this way of teaching as well in their own 

process of learning science. The in-service 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 about 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 the same structure that involves, 

providing details of: 
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¶ Teacher information (Unit description, IBSE character, Science content knowledge, 

Pedagogical content knowledge, Industrial content knowledge, Learning paths, Assessment, 

Student Learning Activities 

¶ Classroom 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, in-service and pre-service teachers participated at teacher training workshops 

according to agreed structure considering the national curriculum and other national specifics, e.g.  

ÐÁÒÔÉÃÉÐÁÎÔÓȭ ÃÕÒÒÅÎÔ ÅØÐÅÒÉÅÎÃÅ ÉÎ ÔÈÅ ÆÉÅÌÄ ÏÆ )"3%Ȣ  

Pre-service teachers were involved in introductory lectures to IBSE and 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 participated in at least 10-hours teacher-training (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 classrooms at secondary 

level in order to gain experience (Italy, 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 evidence about the impact on students (Slovakia), in particular on 

ÓÔÕÄÅÎÔÓȭ ÁÐÐÒÅÃÉÁÔÉÏÎ ÏÆ ÔÈÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÓÃÉÅÎÃÅ ÁÎÄ ÔÅÃÈÎÏÌÏÇÙ ÉÎ ÓÏÃÉÅÔÙȟ ÔÈÅ ÉÍÐÁÃÔ ÏÎ ÓÔÕÄÅÎÔÓǰ 

inclination towards taking up careers in science and the impact on intrinsic motivation for 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 educated in this approach and there is a lack 

of instructional materials for teachers to use in the classroom.  

In the period November 2011 to February 2012, 5O secondary schools science teachers 

participated in 4-days teacher training in IBSE. Following on from this, 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 questionnaires before and after a series of activities, while 1302 upper secondary 

school pupils answered questionnaires after each lesson (for detailed information about the 

ÑÕÅÓÔÉÏÎÎÁÉÒÅÓ ÓÅÅ +ÅËÕÌÅȟ -Ȣȟ ¼ÜËȟ 6Ȣȟ ςπρςɊȢ  

The after each lesson questionnaire has been focused 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 ɀ students express the provided learning activities were interesting for them and they 

enjoyed them (figure 1). 
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Figure 1 Results for the question items ɀ to 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 choice ɀ to what extent students perceive their choice when performing a 

given activity ɀ students chose the middle option on average. Data indicates that the students lack of 

strong opinion about perceived choice (figure 2).  

 

Figure 2 Results for the question items ɀ to what extent students perceive their choice when 

performing a given activity (each question max. 7 points) 

In the field of Value/Usefulness ɀ how students perceive the value/usefulness of a given activity for 

themselves ɀ 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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Figure 3 Results for the question items on 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 five-point scale (1-almost 

never, 2-seldom, 3-sometimes, 4-often and 5-almost 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 option on average.   

4ÁÂÌÅ υȢ 1ÕÅÓÔÉÏÎÎÁÉÒÅ ÉÔÅÍÓ ÏÎ ÓÔÕÄÅÎÔÓȭ ÃÏÍÍÕÎÉÃÁÔÉÏÎ ÄÕÒÉÎÇ ÔÈÅ ÁÃÔÉÖÉÔÙ ɉÁÄÁÐÔÅÄ ÆÒÏÍ #,%3 

questionnaire (Taylor, P. C., Fraser B. J., & White, L. R. ,1994)) 

Statement mean St dev 

I get the chance to talk to the other students. 3,83 1,06 

I talk with other students about how to solve problems 3,49 1,05 

I explain my ideas to other students 3,08 1,08 

I 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 their ideas to me. 3,06 1,05 

 

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 science and technology in society (table 2). Students 

used a four-point 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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4ÁÂÌÅ φȢ %ØÁÍÐÌÅÓ ÏÆ ÑÕÅÓÔÉÏÎÎÁÉÒÅ ÉÔÅÍÓ ÁÓÓÅÓÓÉÎÇ ÓÔÕÄÅÎÔÓȭ ÐÅÒÃÅÐÔÉÏÎ ÏÆ ÔÈÅ ÒÏÌÅ ÏÆ ÓÃÉÅÎÃÅ ÁÎÄ 

ÔÅÃÈÎÏÌÏÇÙ ÉÎ ÓÏÃÉÅÔÙ ɉÓÃÁÌÅÄ υȣψȟ ÄÉÓÁÇÒÅÅȣÁÇÒÅÅɊ ɉÁÄÁÐÔÅÄ ÆÒÏÍ 2/3% ÑÕÅÓÔÉÏÎÎÁÉÒÅ ɉ3ÃÈÒÅÉÎÅÒȟ #Ȣ ȟ 

Sjøberg, S., 2004)) 

 before after 

Statement mean St 

dev 

mea

n 

St 

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 

problems 

2,05 0,83 2,11 0,94 

We should always trust what scientists have to say 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 results on opinion about learning and understanding science (scaled 

υȣψȟ ÄÉÓÁÇÒÅÅȣÁÇÒÅÅɊ ɉÁÄÁÐÔÅÄ ÆÒÏÍ %"!03 ÑÕÅÓÔÉÏÎÎÁÉÒÅ ɉ,ÏÕÃÁȟ ,Ȣȟ %ÌÂÙȟ !Ȣȟ (ÁÍÍÅÒȟ $Ȣȟ Ǫ +ÁÇÅÙȟ 4Ȣ ȟ 

2004 )) 

Statement 
before after 

mean St dev mean St dev 

When it comes to understanding physics or chemistry, 

ÒÅÍÅÍÂÅÒÉÎÇ ÆÁÃÔÓ ÉÓÎȭÔ ÖÅÒÙ ÉÍÐÏÒÔÁÎÔȢ 
1,70 1,28 2,27 1,23 

When learning science, people can understand the 

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

If biology, physics or chemistry teachers gave really clear 

lectures, with plenty of real-life examples and sample 

problems, then most good students could learn those 

subjects without doing lots of sample questions and 

practice problems on their own. 

0,52 0,83 0,88 1,09 

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 

 

4ÈÅÒÅ ×ÁÓ Á ÓÅÔ ÏÆ ÑÕÅÓÔÉÏÎÓ ÁÓÓÅÓÓÉÎÇ ÓÔÕÄÅÎÔÓȭ ÏÐÉÎÉÏÎ ÁÂÏÕÔ ÓÃÉÅÎÃÅ ÌÅÓÓÏÎÓ ÁÎÄ ÔÈÅÉÒ ÁÔÔÉÔÕÄÅ 

towards taking up career in science or technology (table 4). The analysis of this field shows significant 

difference between pre and post questionnaire in the items 1, 9, 11 and 15. Their positive attitude 

towards science lessons increased (item 15) however there is no significant difference in upɀtake of 

careers in science or technology after experiencing IBSE activities.  
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Table 4. Examples of test items results on opinion about how students perceive science lessons and 

ÔÈÅÉÒ ÁÔÔÉÔÕÄÅ ÔÏ×ÁÒÄÓ ÔÁËÉÎÇ ÕÐ ÃÁÒÅÅÒ ÉÎ ÓÃÉÅÎÃÅ ÏÒ ÔÅÃÈÎÏÌÏÇÙ ɉÓÃÁÌÅÄ υȣψȟ ÄÉÓÁÇÒÅÅȣÁÇÒÅÅɊ ɉÁÄÁÐÔÅÄ 

from ROSE questionnaire (Schreiner, C. , Sjøberg, S., 2004)) 

 

Statement 

before after 

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 has increased my appreciation of nature. 2,36 0,96 2,57 0,97 

I 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 school. 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 

 

"ÁÓÅÄ ÏÎ ÔÈÅ ÒÅÓÐÏÎÓÅÓ ÔÏ ÔÈÅÓÅ ÑÕÅÓÔÉÏÎÎÁÉÒÅÓ ÉÔ ÃÁÎ ÂÅ ÃÌÅÁÒÌÙ ÓÅÅÎ ÔÈÁÔ ÔÈÅ ÓÔÕÄÅÎÔÓȭ ÏÐÉÎÉÏÎ ÏÎ 

the activities they carried out is positive; they consider them interesting, enjoyable and useful. There is 

indication of a slight impact on students motivation 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 experiment 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, a one-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 subsequent activities (12 

upper secondary school teachers and 10 lower secondary school teachers).  

&ÉÖÅ ȰÏÆÆÉÃÉÁÌȱ ÆÕÌÌ ÄÁÙÓ ÏÆ ÔÒÁÉÎÉÎÇ ÔÏ ÔÈÅ )"3% ÍÅÔÈÏÄÏÌÏÇÉÅÓ ×ÅÒÅ ÏÒÇÁÎÉÚÅÄȟ ÂÅÔ×ÅÅÎ !ÐÒÉÌ ςπρπ 

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 facilitated 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 teachÅÒÓȭ Ï×Î ÓÃÈÏÏÌ ÌÁÂÏÒÁÔÏÒÉÅÓȟ ÂÕÔ ÓÁÄÌÙ ÈÁÒÄÌÙ ÕÓÅÄ ÄÕÅ ÔÏ ÌÁÃË ÏÆ 

training/time/motivation.  

After this training phase, the teachers used some parts of two of the ESTABLISH Units in their 

ÃÌÁÓÓÒÏÏÍÓ ÔÈÒÏÕÇÈÏÕÔ ςπρςȡ  Ȱ3ÏÕÎÄȱ ÁÎÄ Ȱ(ÅÁÔÉÎÇ ÁÎÄ #ÏÏÌÉÎÇȡ $ÅÓÉÇÎÉÎÇ Á ,Ï× %ÎÅÒÇÙ (ÏÕÓÅȱȢ 

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 half-day meetings 

were held at the end of March 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 half-day 

meetings were held in May 2012 and were dedicated to reviewing the final outcomes from the Unit 

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 

×ÁÓ ÐÒÏÐÏÓÅÄ ÔÈÁÔ ÔÈÅ 5ÎÉÔÓȭ ÓÔÒÕÃÔure needed some adaptation and, more specifically, teachers 

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 was the 

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. Before starting the training phase at Department of Physics 

teachers answered a pre-questionnaire 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 post-questionnaire to see if the IBSE training and in-class implementation was 

effective in modifying some aspects of their views of inquiry teaching and approaches. The comparison 

between teacher answers before and after IBSE activities are reported in Tables 5, 6 and 7.  From 

Table 5 it is easy to see that after training and in-class implementation of IBSE methods and teaching 

units teachers seem to better understand 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 appropriate to 

achieving the aims of the curriculum.  

4ÁÂÌÅ ωȢ %ØÁÍÐÌÅÓ ÏÆ ÔÅÓÔ ÉÔÅÍ ÒÅÓÕÌÔÓ ÏÎ ÔÅÁÃÈÅÒÓȭ ÖÉÅ×Ó ÏÆ )ÎÑÕÉÒÙ ɉÓÃÁÌÅÄ υ ȣ ωȟ ÄÉÓÁÇÒÅÅ ȣ ÁÇÒÅÅɊ  

Statement 
before after 

Mean St dev mean St dev 

) ÄÏÎȭÔ ÆÕÌÌÙ ÕÎÄÅÒÓÔÁÎÄ ÉÎÑÕÉÒÙ ÂÁÓÅÄ ÓÃÉÅÎÃÅ ÅÄÕÃÁÔÉÏÎȢ 2.72 0.88 1.59 0.59 

) ÄÏÎȭÔ ÆÕÌÌÙ ÕÎÄÅÒÓÔÁÎÄ ÍÙ ÒÏÌÅ ÁÓ Á ÔÅÁÃÈÅÒ ÉÎ ÁÎ ÉÎÑÕÉÒÙ 

classroom. 
2.27 0.63 1.50 0.59 

) ÄÏÎȭÔ ÆÕÌÌÙ ÕÎÄÅÒÓÔÁÎÄ ÔÈÅ ÒÏÌÅ ÏÆ ÔÈÅ ÓÔÕÄÅÎÔÓ ÉÎ ÁÎ 

inquiry classroom. 
2.09 0.29 1.13 0.47 

I think inquiry takes too much classroom time for me to 

implement 
2.82 0.58 1.82 0.66 

The use of inquiry is appropriate to achieving the aims of 

the curriculum. 
4.00 0 4.5 0.51 

Inquiry -based teaching is only suitable for very capable 

students 
2.09 0.29 1.63 0.79 

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 ÔÅÁÃÈÅÒÓȭ ÖÉÅ×Ó ÁÂÏÕÔ ÔÈÉÓ ÁÓÐÅÃÔ ÃÁÎ ÁÌÓÏ ÂÅ ÃÏÎÓÉÄÅÒÅÄ ÁÓ Á ÒÅÓÕÌÔ ÏÆ ÔÈÅ )"3% 

activities implementation. 

  


























































































































































