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A. Background to this report 

This report is a deliverable of Work Package 4 (WP4) of the European FP7-funded project 

ά9ǳǊƻǇŜŀƴ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ ƛƴ !ŎǘƛƻƴΥ .ǳƛƭŘƛƴƎ [ƛƴƪǎ ǿƛǘƘ LƴŘǳǎǘǊȅΣ {ŎƘƻƻƭǎ ŀƴŘ 

IƻƳŜέ ό9{¢!.[L{IΤ 244749, 2010-2013).  It meets the requirements of the Deliverable 4.5 

by presenting a report on the final profile of in-ǎŜǊǾƛŎŜ ǘŜŀŎƘŜǊǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ŀƴŘ 

attitude to inquiry based science education.  

 

Report prepared by Odilla Finlayson, Eilish McLoughlin, Deirdre McCabe, Leeanne Hinch, 

Sarah Brady, CASTeL, Dublin City University, Dublin  

 

 

 

 

 

 

 

 

 

 

This document, published in March 2014, has been produced within the scope of the 

9{¢!.[L{I tǊƻƧŜŎǘΣ ǿƘƛŎƘ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŦǳƴŘƛƴƎ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ {ŜǾŜƴǘƘ 

Framework Programme for research, technological development and demonstration under 

grant agreement no 244749. 

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 ŀƴȅ ǳǎŜ ǘƘŀǘ Ƴŀȅ ōŜ ƳŀŘŜ 

of the information contained therein. 
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B. 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 
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EXECUTIVE SUMMARY 
 

The ESTABLISH project focusses on developing and implementing inquiry based workshops (Teacher 

Education Programme, TEP) for teachers, where the participants can increase their knowledge of and 

implementation skills in inquiry based teaching.  Each of the beneficiaries of ESTABLISH have run TEPs for 

their teachers.  The TEP has 4 core elements, namely: Inquiry and what it is, Industrial links in Inquiry, 

Teacher as Implementer of Inquiry and Teacher as Developer of Inquiry.  Additional programme elements 

include Argumentation, ICT, Research and Design Projects, and Assessment of IBSE.  

This report outlines the initial profile of the teachers attending the TEPs and the change in these teachers 

following the TEP, in terms of a number of attributes, namely: 

ω ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƛƴǉǳƛǊȅ 

ω !ǘǘƛǘǳŘŜ ǘƻǿŀǊŘǎ ƛƴǉǳƛǊȅ 

ω LƴŘǳǎǘǊƛŀƭ ƛƳǇƻǊǘŀƴŎŜκƭƛƴƪǎ 

ω tǊŀŎǘƛŎŜ ƛƴ the inquiry classroom 

ω tŜǊǎƻƴŀƭ {ƪƛƭƭǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ƛƴǉǳƛǊȅ 

 

The initial profile is based on 458 teachers attending the TEPs across 13 institutions.   The overall sample has 

a spread of age, teaching experience and experience with inquiry based science education (IBSE). Half of the 

teachers were in 36-50 year age group and three-quarters were female, with females out numbering males in 

most cohorts.   The majority (88%) were teaching in mixed gender schools. In terms of teaching experience 

generally, a third of the overall group had 10 years or less teaching experience, a third had 11-20 years and 

the remaining third had over 20 years experience.  With regard to experience with IBSE, the teachers rated 

themselves as a beginner (48%), having some experience (45%) or very experienced (7%).  Experience with 

IBSE did not correlate with the age of the teacher or years of teaching experience.  Many of the attributes of 

the teachers across all the countries depended more on their stated experience level, rather than the 

particular country cohort; therefore while some cohorts show more positive attributes towards inquiry, they 

generally consist of teachers more experienced in IBSE.  

The initial profile of the teachers strongly related to their stated experience level with IBSE with those with 

some or very experienced with IBSE showing a greater understanding of inquiry  

and the role of teachers and students in an inquiry classroom, than the beginner cohort. In terms of reported 

barriers to implementing inquiry such as time-pressures and lack of suitability for all student abilities, the 

beginner cohort were more uncertain towards overcoming these barriers while experienced teachers felt 

that these issues were not so important. With regard to industrial links, almost all teachers value a broader 

ǾƛŜǿ ƻŦ ǎŎƛŜƴŎŜ ƛƴ ǘƘŜ ŎƭŀǎǎǊƻƻƳΣ ǎǘŀǘƛƴƎ ǘƘŀǘ ǘƘŜȅ ǿŀƴǘ ǘƘŜƛǊ ΨǎǘǳŘŜƴǘǎ ǘƻ ƪƴƻǿ ŀōƻǳǘ ǘƘŜ ƭŀǘŜǎǘ 

ŘŜǾŜƭƻǇƳŜƴǘǎ ŀƴŘ ŀǇǇƭƛŎŀǘƛƻƴǎ ƻŦ ǎŎƛŜƴŎŜ ŀƴŘ ŜƴƎƛƴŜŜǊƛƴƎΩΦ  

 

There are large differences seen with classroom practice, with the beginner cohort finding practices  

associated with IBSE more difficult ς ǎǳŎƘ ŀǎ ŘŜŀƭƛƴƎ ǿƛǘƘ ΨǊƛƎƘǘ ŀƴǎǿŜǊκǊŜǎǳƭǘΩ ƻŦ ŀƴ ƛƴǾŜǎǘƛƎŀǘƛƻƴΣ ŀǎƪƛƴƎ 

higher order questions that promote thinking and managing a classroom where each student group is doing 

different activities.  Regardless of experience level with inquiry, there were many teachers who felt 

uncomfortable with teaching areas of science that they had limited knowledge of or asking questions, where 

they were unsure of the answer.  

 

Following the TEP, almost all cohorts have increased their understanding of inquiry and their understanding 

of the roles of teacher and student in an inquiry classroom, with the biggest increase by those who classify 

themselves as beginners in IBSE. Attitudes to inquiry have also shifted towards overcoming the barriers often 

associated with IBSE, with again the biggest shift by the beginner cohort.  This seems to indicate that the 
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ESTABLISH TEP programme is useful to help teachers to recognise the benefits for all students of inquiry 

approaches.   

 

Small shifts in terms of Industrial links were evident by most of the teacher cohorts after the TEP, with similar 

shifts for both beginner and experienced teachers. The beginner cohort agreed more significantly that they 

wanted their students to know about the latest developments and applications of science and engineering 

and that they could use more information about industrial process in their teaching. Many cohorts changed 

their opinion of their abilities to ask higher order questions that promote thinking in students and also of 

ǘƘŜƛǊ ŎƻƴŦƛŘŜƴŎŜ ƛƴ ǘƘŜƛǊ ƻǿƴ ǎŎƛŜƴŎŜ ƪƴƻǿƭŜŘƎŜΣ ŀŦǘŜǊ ǘƘŜ ¢9tΦ ²ƛǘƘ ǊŜƎŀǊŘǎ ǘƻ ǘŜŀŎƘŜǊǎΩ ǎƪƛƭƭǎΣ ǘƘŜǊŜ ƛǎ ŀ 

general positive shift after the TEP towards attitudes that are desirable in an inquiry classroom.  

 

All of the main shifts in attributes of inquiry have been analysed in terms of gender; within the beginner 

group, the male cohort seem to have moved in greater numbers towards the ideal inquiry responses than the 

female group for each of the attributes; the gender shifts are not as clear for those with experience.  

However, the gender effects seem to be of a secondary significance compared to the experience level; i.e. 

the shifts in attributes seem to depend primarily on the prior experience of the teachers with IBSE. 

 
While some changes in attributes of inquiry relate more to particular country cohorts, the main shifts in 

attributes can be related to the prior experience level of the teachers. The ESTABLISH In-service teacher 

education programme has increased the understanding and attitudes of in-service teachers towards inquiry 

and this shift is greater for those who considered themselves as beginners with inquiry.  The ESTABLISH 

programme has also increased awareness of industrial links and inquiry practices in the classroom.  The 

ESTABLISH programme was a minimum of 10 hours face-to-face training and particular cohorts had emphasis 

on different parts of the programme.  Further details, in the form of case studies are given in D4.6.   
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Profile of Teacher Change - in-service 
teachers 

INTRODUCTION 
The ESTABLISH project focusses on developing and implementing inquiry based workshops (Teacher 

Education Programme, TEP) for teachers, where the participants can increase their knowledge of and 

implementation skills in inquiry based teaching.  Each of the beneficiaries of ESTABLISH have run TEP for their 

teachers.  The TEP has 4 core elements, namely: Inquiry and What it is, Industrial links in Inquiry, Teacher as 

Implementer of Inquiry and Teacher as Developer of Inquiry.  Additional programme elements include 

Argumentation, ICT, Research and Design Projects, and Assessment of IBSE. To determine the effect of this 

programme on teachers in terms of their understanding and attitudes towards inquiry, an evaluation tool 

ό!ǇǇŜƴŘƛȄ пύ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǘŜŀŎƘŜǊΩǎ ŀǘǘƛǘǳŘŜǎ ōŜŦƻǊŜ ŀƴŘ ŀŦǘŜǊ ǘƘŜ ¢9tΦ  {ǇŜŎƛŦƛŎ ŦƻŎǳǎ ƛǎ 

ǇƭŀŎŜŘ ƻƴ ǘƘŜ ŎƘŀƴƎŜ ƛƴ ǘŜŀŎƘŜǊǎΩ ŀǘǘƛǘǳŘŜǎ ǘƻǿŀǊŘǎ ƛƴǉǳƛǊȅΣ ǘƘŜƛǊ ŀǘǘƛǘǳŘŜ ǘƻǿŀǊŘǎ ǘƘŜ ǊŜƭŜǾŀƴŎŜ ƻŦ ƛƴŘǳǎǘǊƛŀƭ 

links and their understanding of inquiry.  Cognisance was also taken of any gender effects in Section 3. 

BACKGROUND 
An evaluation tool was developed in the form of a paper questionnaire (see Appendix 4, In-service Teacher 

Questionnaire A), which was distributed to teachers at the start of the TEP.  A second questionnaire 

(Appendix 4, In-service Teacher Questionnaire B) was distributed to the same teachers either at the end of 

the series of workshops or some months later.    While the TEP implemented in each country followed the 

guidelines agreed in ESTABLISH, they did differ from each other e.g. in the duration of the programme (all 

>10hrs), the concentration of the workshop (e.g. summer school, series of individual workshops) and in 

emphasis (depending on the experience level of the teachers attending).  These differences and similarities 

are discussed in detail in D4.6. 

This document discusses the changes that are evident in the responses to the questionnaires, 
comparing responses at the beginning of the first workshop and after the TEP.  The report is 
structured into four sections, where Section 1 presents an overview of the cohort of teachers and 
profiles them based on their country and on their experience level in terms of inquiry teaching. 
Section 2 outlines the changes that have occurred as a result of the ESTABLISH TEP.  Within Section 
3, any gender effects are highlighted, while Section 4 details the methodology used in analysing the 
data. 
 
The data has been analysed to determine the following attributes of the teachers:  

¶ Understanding of inquiry 

¶ Attitude towards inquiry 

¶ Industrial importance/links 

¶ Practice in the inquiry classroom 

¶ Personal Skills in relation to inquiry 
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SECTION 1 Overview of teacher sample  

1.1 Overview 
In total 458 teachers attending the TEP, organised by 13 institutions, completed the first questionnaire.   The 

overall sample has a spread of age, teaching experience and experience with inquiry based science education 

(IBSE). Table 1 gives an overview of the teacher cohort. Note that particular cohorts of teachers are 

identifiable through their code, as shown in Table 1. Half of the teachers were in 36-50 year age group and 

three-quarters were female.  Most of them were teaching in mixed gender schools, with only four countries 

having teachers involved in single-sex schools (countries A, C, D, I).  In most cases, female teachers 

outnumbered male teachers, with the exception of two countries, H and J. 

In terms of teaching experience generally, a third of the overall group had 10 years or less teaching 

experience, a third had 11-20 years and the remaining third had over 20 years-experience.   

In completing the questionnaires, the teachers rated themselves in terms of their experience with IBSE, 

either as a beginner (BE), having some experience (SE) or very experienced (VE).  Using this rating, the overall 

cohort consisted of 48% BE, 45% with SE and 7% VE teachers.   While the SE group have individuals from each 

country, the majority of the BE group comes from three countries B, C and E.  Note that experience in IBSE is 

not related to the age of the teacher or years of teaching experience (see Figure 1).   

 

 

Figure 1: Age distribution and years of teaching experience for those rated as Beginners (BE), Some experience (SE) and 
Very experienced (VE) in inquiry  
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Partner Code 

Number 

of 

 Teachers 

Age range/ %* Years of teaching experience/ %* Gender/ %* Type of School/ %* 
Experience Level/ 

%* 
Matched 

Pre and 

post/% 20-35 36-50 >50 0-5 6-10 
11-

20 

21-

30 
>30 M F 

All 

Boys 

All 

Girls 
Mixed BE SE VE 

DCU A 91 48.4 33.0 6.6 41.8 14.3 20.9 16.5 3.3 18.7 81.3 9.9 19.8 69.2 40.7 50.5 8.8 9.9 

CUNI B 70 28.6 57.1 11.4 25.7 11.4 37.1 22.9 2.9 5.7 94.3 0.0 0.0 100 82.9 17.1 0.0 94.3 

UNIPA C 59 3.4 59.3 37.3 1.7 3.4 37.3 49.2 8.5 28.8 71.2 11.9 0.0 88.1 86.4 13.6 0.0 91.5 

JU D 37 10.8 56.8 32.4 5.4 10.8 35.1 43.2 2.7 8.1 91.9 2.7 2.7 94.6 43.2 51.4 5.4 45.9 

UPJS E 33 27.3 48.5 24.2 6.1 18.2 30.3 33.3 12.1 9.1 90.9 0.0 0.0 100 100 0.0 0.0 100 

UTARTU F 30 30.0 36.7 33.3 16.7 16.7 20.0 26.7 20.0 20.0 80.0 0.0 0.0 100 23.3 73.3 3.3 63.3 

MaH G 28 14.3 57.1 25 3.6 28.6 35.7 25.0 7.1 17.9 78.6 0.0 0.0 100 0.0 64.3 35.7 21.4 

CMA H 19 10.5 42.1 47.4 26.3 5.3 15.8 21.1 26.3 68.4 31.6 0.0 0.0 100 31.6 63.2 5.3 52.6 

AL I 21 14.3 71.4 9.5 4.8 0.0 57.1 38.1 0.0 38.1 61.9 33.3 33.3 19.0 33.3 66.7 0.0 90.5 

IPN J 13 46.2 23.1 23.1 46.2 15.4 38.5 0.0 0.0 69.2 30.8 0.0 0.0 100 15.4 84.6 0.0 0.0 

MLU K 7 14.3 57.1 28.6 14.3 14.3 28.6 42.9 0.0 42.9 57.1 0.0 0.0 100 14.3 42.9 42.9 0.0 

UC L 32 3.1 65.6 31.3 25.0 40.6 25.0 6.3 3.1 28.1 71.9 0.0 0.0 100 6.3 81.3 12.5 0.0 

UmU M 18 11.1 50.0 38.9 0.0 38.9 38.9 22.2 0.0 33.3 66.7 0.0 0.0 100 5.6 72.2 22.2 0.0 

TOTAL  458 23.4 50.0 22.9 19.2 15.3 31.2 26.9 6.1 22.5 77.3 5.2 5.7 88.2 48.3 44.5 7.2 50.9 

 

Table 1: Overview of teacher cohorts that have completed questionnaires 

* Balance relates to percentage of non-respondents. 
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1.2 Profile of teachers 
The data from the questionnaires was coded and analysed by cluster analysis, i.e. multidimensional scaling 

(MDS).  MDS was used to focus on the individual cohorts and, in this section, to examine similarities and 

differences between different cohorts of teachers; in Section 2, the changes in each cohort following the 

ESTABLISH workshop programme is analysed by MDS. MDS is an analysis technique that graphically displays 

dissimilarities / similarities among objects. Objects that are considered similar to each other are represented 

by points that are close together on the MDS configuration.   

1.2.1   Understanding of inquiry  
¢ŜŀŎƘŜǊǎΩ ƻǾŜǊŀƭƭ ǳƴderstanding of inquiry is determined from their responses to questions asking them to rate 

their understanding of IBSE, as well as their understanding of their role as a teacher and the role of the 

students in the inquiry classroom. Responses from the questionnaire were coded 1-5 and the average for each 

ǉǳŜǎǘƛƻƴ ǇŜǊ ŎƻǳƴǘǊȅ ǿŀǎ ǳǎŜŘ ŀǎ ŀƴ ƛƴǇǳǘ ŦƻǊ ŀƴ a5{ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǘŜŀŎƘŜǊǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƛƴǉǳƛǊȅΦ a5{ 

provides a graphical interpretation of the similarity/dissimilarity between data. Countries with similar average 

responses are close together, while countries with differences in their average responses to this series of 

questions are further apart. The distribution of the responses based on each teacher cohort is mapped relative 

ǘƻ ŀƴ ΨƛŘŜŀƭΩ ǊŜǎǇƻƴǎŜ όCƛƎǳǊŜ нύΦ  ¢ƘŜ ΨƛŘŜŀƭΩ ǊŜǎǇƻƴǎŜ ƛǎ ǘƘƛǎ ŎŀǎŜ ƛǎ ǘƘŀǘ ƻŦ Ŧǳƭƭȅ ǳƴŘŜǊǎǘŀƴŘƛƴƎ L.{9 ŀƴŘ ǘƘŜ 

roles of teacher and student in an inquiry classroom.   

CǊƻƳ CƛƎǳǊŜ нΣ ƛǘ ƛǎ ŎƭŜŀǊ ǘƘŀǘ ŎƻƘƻǊǘǎ ŎƭǳǎǘŜǊ ƛƴǘƻ о ōǊƻŀŘ ƎǊƻǳǇƛƴƎǎ ŀƴŘ ƻƴŜ ƻǳǘƭƛŜǊΦ  bŜŀǊŜǎǘ ǘƘŜ ΨƛŘŜŀƭΩ ŀǊŜ a 

and G ς these were the 2 cohorts with a greater number of VE teachers and few BE teachers.  Average 

responses for these cohorts tend towards the ideal, i.e. nearing agreement with the ideal response.  Further 

from the ideal, the responses indicate more uncertainty with regards to their understanding. The cohorts 

furthest from ideal (A, B, D, H and the outlier E) include cohort B and E who had the greatest proportion of BE 

and no VE teachers.  

 

Figure 2: MDS diagram for Understanding of Inquiry, based on initial profile 

Therefore much of the variation between teacher cohorts may be due to the difference in levels of experience 

of the individual teachers within each cohort. The responses to each question by the different experience level 

of the teachers is shown in Figure 3. These responses, based on their level of experience, clearly show a 

greater level of understanding of inquiry and the roles of teacher and student in an inquiry classroom, by the 

more experienced teachers (see Figure 3 and Table A1.1 in Appendix 1). 
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Figure 3: Responses to questions relating to Understanding of Inquiry, based on individual teacher experience in IBSE 
(SD, D, U, A, SA abbreviate for strongly disagree, disagree, uncertain, agree, strongly agree)  

 

 

1.2.2   Attitude  towards inquiry  

Barriers to implementing inquiry practices in the classroom have been noted from the literature to include lack 

ƻŦ ŎƭŀǎǎǊƻƻƳ ǘƛƳŜΣ ƭŀŎƪ ƻŦ ΨƎƻƻŘΨ ǎǘǳŘŜƴǘǎ ŀƴŘ ƭŀŎƪ ƻŦ ǊŜƭŜǾŀƴŎŜ ǘƻ ǘƘŜ ŎǳǊǊƛŎǳƭǳƳΦ  ¢ŜŀŎƘŜǊǎΩ ƭŜǾŜƭ ƻŦ 

agreement to the followƛƴƎ ǘƘǊŜŜ ǎǘŀǘŜƳŜƴǘǎ ǿŜǊŜ ŎƻƳōƛƴŜŘ ǘƻ ƎƛǾŜ ŀƴ ƛƴŘƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ǘŜŀŎƘŜǊǎΩ ŀǘǘƛǘǳŘŜǎ ǘƻ 

inquiry:  

¶ I think inquiry takes up too much classroom time for me to implement; 

¶ The use of inquiry is appropriate to achieving the aims of the curriculum; 

¶ Inquiry based teaching is only suitable for very capable students. 

±ŀǊƛŀǘƛƻƴǎ ƛƴ ǊŜǎǇƻƴǎŜǎ ǘƻ ǘƘŜǎŜ ǉǳŜǎǘƛƻƴǎ ŀǊŜ ŜǾƛŘŜƴǘ ōŜǘǿŜŜƴ ǘŜŀŎƘŜǊ ŎƻƘƻǊǘǎΦ  !ƴ ΨƛŘŜŀƭΩ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜǎŜ 

questions would indicate strong agreement that inquiry does not take too much classroom time to implement, 

that inquiry is appropriate to achieving the aims of the curriculum and is also suitable for all students.  

MDS analysis (Figure 4) indicates that three clusters of teacher cohorts are evident.  The group nearest the 

ideal (M, G, K) are those cohorts that have high proportions of VE teachers, in comparison to other cohorts.  

The difference between cluster 2 and cluster 3 lies principally in the response to whether inquiry takes up too 

much time, cluster 2 responses are uncertain, while cluster three responses disagree.  
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Figure 4: MDS diagram for Attitude to Inquiry, based on initial profile 

 

Further analysing each statement based on teacher experience level shows variations (see Figure 5). Analysing 

the responses, based on level of experience, clearly shows a greater level of uncertainty in the BE grouping and 

increasing certainty for those with SE and VE for all three questions in this section (see Figure 5 and Table A1.2 

in Appendix 1).   

 

 

Figure 5: Responses to questions relating to Attitude to Inquiry, based on individual teacher experience in IBSE (SD, D, U, 
A, SA abbreviate for strongly disagree, disagree, uncertain, agree, strongly agree)  
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1.2.3   Industrial L inks  

Being aware of the context of science in the wider world and the applications of science and bringing these 

into the classroom can really enrich the experience for the students.  A key objective for ESTABLISH was to 

promote the context and applications of science from industry into the classroom and to broaden the 

understanding of industry.  Several questions were asked to determine teacher responses to the extended 

ǾƛŜǿ ƻŦ ǎŎƛŜƴŎŜ ƛƴ ǘƘŜƛǊ ŎƭŀǎǎǊƻƻƳΦ  ¢ƘŜ ΨƛŘŜŀƭΩ ǊŜǎǇƻƴǎŜ ǿŀǎ ŎŀǘŜƎƻǊƛǎŜŘ ŀǎ ǎǘǊƻƴƎ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ŜŀŎƘ ƻŦ ǘƘŜ 

statements:  

¶ I want my students to know about the latest developments and applications of science and 

engineering; 

¶ I can easily relate scientific concepts in the curriculum to phenomena beyond the classroom; 

¶ I often show students the relevance of science in industry; 

¶ My students understand the importance of science and technology for our society;  

¶ If I had more information about industrial processes, I would use it in my teaching. 

The MDS analysis (Figure 6) shows a cluster of countries approximately equidistant from the ideal (I, A, C, K, L 

and M). Cluster analysis places D within cluster 2 with B as both cohorts agree more strongly that their 

students understand the importance of science and technology than the other cohorts. 

The furthest group from the ideal (F, G, H and J) is generally more uncertain in their responses to this set of 

questions than teachers in other cohorts who tend to agree with most of the statements.  

 

Figure 6: MDS diagram for Industrial Links, based on initial profile 

 

Within this section, the variations between the teacher cohorts cannot be explained by proportions of BE and 

VE teachers.  Across all the questions, there is good agreement by all teachers to the statements given, 

indicating that the majority of teachers value a broader view of science in the classroom, with over 80% of the 

.9 ǘŜŀŎƘŜǊǎ όŀƴŘ фп҈ ƻŦ ǘƘŜ ±9 ǘŜŀŎƘŜǊǎύ ǎǘŀǘƛƴƎ ǘƘŀǘ ǘƘŜȅ ǿŀƴǘ ǘƘŜƛǊ ΨǎǘǳŘŜƴǘǎ ǘƻ ƪƴƻǿ ŀōƻǳǘ ǘƘŜ ƭŀǘŜǎǘ 

ŘŜǾŜƭƻǇƳŜƴǘǎ ŀƴŘ ŀǇǇƭƛŎŀǘƛƻƴǎ ƻŦ ǎŎƛŜƴŎŜ ŀƴŘ ŜƴƎƛƴŜŜǊƛƴƎΩ όCƛƎǳǊŜ т ŀƴŘ ¢ŀōƭŜ !мΦо ƛƴ !ǇǇŜƴŘƛȄ мύΦ  ¢ƘŜ .9 

group indicate some difficulty in comparison to the VE group in relating Ψscientific concepts in the curriculum 

to phenomena beyond the classroomΩ όCƛƎǳǊŜ тύΦ 

 



Project No: 244749 ESTABLISH Science in Society / CSA 
 

Page 14 of 66 
WP4 Deliverable 4.5 

 

 

 

Figure 7: Responses to questions relating to Industrial Links, based on individual teacher experience in IBSE (SD, D, U, A, 
SA abbreviate for strongly disagree, disagree, uncertain, agree, strongly agree)  

 

 

 

I want my students to know 
about the latest developments 
and applications of science and 

engineering 
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1.2.4   Practice in the inquiry classroom    

Core activities in the inquiry classroom involve student investigations.  Teachers can enhance student 

investigations through ǉǳŜǎǘƛƻƴƛƴƎΣ ŜƴŎƻǳǊŀƎƛƴƎ ŀƴŘ ǇǊƻōƛƴƎ ǎǘǳŘŜƴǘǎΩ ǘƘƛƴƪƛƴƎΦ  ¢ƻ ŘŜǘŜǊƳƛƴŜ ƛŦ ǘƘŜǎŜ 

practices occurred at all in the classroom, three statements were analysed; specifically:  

¶ If a student investigation leads to an unexpected result I always tell the students the right 

answer/result; 

¶ I am unsure how to ask students higher order questions that promotes thinking; 

¶ I have sufficient knowledge of science to implement an inquiry lesson effectively. 

LŦ ŀƴ ΨƛŘŜŀƭΩ ǘŜŀŎƘŜǊ ƛǎ ŜƴŎƻǳǊŀƎƛƴƎ ŀƴ ƛƴǉǳƛǊȅ ŎƭŀǎǎǊƻƻƳΣ ǘƘŜƴ ǘƘŜ ΨƛŘŜŀƭΩ ǊŜǎǇƻƴǎŜ ǿƻǳƭŘ ōŜ ǎǘǊƻƴƎ 

disagreement with the first and second statement and strong agreement with the third.  From MDS analysis, 

there are no cohorts of teachers who are close to the ideal (see Figure 8). 

 

 

Figure 8: MDS diagram for Practice in the inquiry classroom, based on initial profile 

 

The difference between all the cohorts and the ideal is strongly influenced by the response to the first 

statement. Within even the closest cluster to the ideal, only cohorts L and M disagree with this statement, 

while the others are uncertain. Cohorts B and F agree that they tell the students the right answer if an  

investigation leads to an unexpected result but are uncertain with regards to the other statements.  This 

statement may be interpreted ambiguously ŀǎ ǘƻ ǘƘŜ ŜƳǇƘŀǎƛǎ ƻŦ ǘƘŜ ǘŜǊƳ ΨŀƭǿŀȅǎΩ ŀƴŘ ŀƭǎƻ ŀǎ ǘƻ ǿƘŜƴ ǘƘŜ 

ǘŜŀŎƘŜǊ ƳƛƎƘǘ ǘŜƭƭ ǘƘŜ ǎǘǳŘŜƴǘ ǘƘŜ ΨǊƛƎƘǘ ŀƴǎǿŜǊΩΣ ǿƘŜǘƘŜǊ ƛƳƳŜŘƛŀǘŜƭȅΣ ǿƛǘƘƻǳǘ ŀƭƭƻǿƛƴƎ ǘƘŜ ǎǘǳŘŜƴǘ ǘƛƳŜ ǘƻ 

explore their reasoning and investigate their answer further or if the statement implies that the teacher would 

never inform the student of the right answer, allowing misconceptions to remain. At times, it can be necessary 

for teachers to tell students the correct result/answer, and it is unclear how teachers interpreted this 

question; in Figure. 9, for this statement the VE cohort are divided in their answer, 39% disagree, 27% 

uncertain and 30% agree with this statement.  

Examining the responses on the basis of teacher experience level, there are large differences evident, with BE 

teachŜǊǎ ƳƻǊŜ ƭƛƪŜƭȅ ǘƻ Ψtell the sǘǳŘŜƴǘǎ ǘƘŜ ǊƛƎƘǘ ŀƴǎǿŜǊκǊŜǎǳƭǘΩ ƛƴ ŀƴ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ŀƴŘ ŀǊŜ ƳƻǊŜ ǳƴŎŜǊǘŀƛƴ ƻŦ 

Ƙƻǿ ǘƻ ŀǎƪ Ψhigher order qǳŜǎǘƛƻƴǎ ǘƘŀǘ ǇǊƻƳƻǘŜǎ ǘƘƛƴƪƛƴƎΩΦ  {ǇŜŎƛŦƛŎŀƭƭȅΣ ŀƭƳƻǎǘ ƘŀƭŦ ƻŦ ǘƘŜ .9 ƎǊƻǳǇ ƛƴŘƛŎŀǘŜ 
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that they are uncertain or do not hŀǾŜ Ψsufficient knowledge of science to implement an inquiry lesson 

effectivelyΩ όCƛƎǳǊŜ ф ŀƴŘ ¢ŀōƭŜ !мΦп ƛƴ !ǇǇŜƴŘƛȄ мύΦ 

 

Figure 9: Responses to questions relating to Practice in the Inquiry Classroom, based on individual teacher experience in 
IBSE (SD, D, U, A, SA abbreviate for strongly disagree, disagree, uncertain, agree, strongly agree)  

 

1.2.5   Personal skills in relation to inquiry    

aŀƴȅ ōŀǊǊƛŜǊǎ ǘƻ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ƛƴǉǳƛǊȅ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ŀƴŘ ŘƛǎŎǳǎǎŜŘ ƛƴ 5пΦмΦ  ¢ƘŜ ǘŜŀŎƘŜǊǎΩ 

responses to a number of these personal barriers are determined in this section, such as: 

¶ I find it difficult to manage a classroom where each student group is doing different activities; 

¶ I am uncomfortable with teaching areas of science that I have limited knowledge of; 

¶ LŦ L ŘƻƴΩǘ ƪƴƻǿ ǘƘŜ ŀƴǎǿŜǊǎ ǘƻ ǎǘǳŘŜƴǘǎ ǉǳŜǎǘƛƻƴǎ L ŦŜŜƭ ƛƴŀŘŜǉǳŀǘŜ ŀǎ ŀ ǘŜŀŎƘŜǊ; 

¶ I am uncomfortable with asking questions, in my class, where I am unsure of the answer myself. 

!ǎ ǘƘŜǎŜ ǉǳŜǎǘƛƻƴǎ ǊŜƭŀǘŜ ǘƻ ǘŜŀŎƘŜǊǎΩ ǎŜƭŦ-efficacy, there is really no ΨƛŘŜŀƭΩ ǊŜǎǇƻƴǎŜ ς however, for the 

purposes of the MDS analysis, the ideal was considered to be strong disagreement to all of the above 

questions. From the MDS, there is a spread of responses from the teacher cohorts, forming three loose cluster 

areas (FƛƎǳǊŜ млύΦ  /ƻǳƴǘǊƛŜǎ ǿƛǘƘ ƳƻǊŜ .9 ǘŜŀŎƘŜǊǎ ǘŜƴŘŜŘ ǘƻ ōŜ ŦǳǊǘƘŜǊ ŦǊƻƳ ǘƘŜ ΨƛŘŜŀƭΩ ό/Σ CΣ ŀƴŘ .ύΦ 
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Figure 10: MDS diagram for Personal Skills in relation to inquiry, based on initial profile 

 

The differences in location of the group B, F, D and L (cluster 2, Figure 10) with cohort C can be explained as 

follows: cohort C agree that it is difficult to manage a class where groups of students are doing different things, 

but ŀǊŜ ƴƻǘ ǳƴŎƻƳŦƻǊǘŀōƭŜ ƛŦ ǘƘŜȅ ŀǊŜ ǳƴŀōƭŜ ǘƻ ŀƴǎǿŜǊ ǎǘǳŘŜƴǘǎΩ ǉǳŜǎǘƛƻƴǎ ƻǊ ŀǎƪƛƴƎ ǉǳŜǎǘƛons when they are 

uncertain of answers, while the cluster 2 group are more uncertain in their responses to these questions.     

Analysis in further detail, based on the experience level of the teachers in each cohort, indicates that the VE 

group is closer ǘƻ ǘƘŜ ΨƛŘŜŀƭΩ ǊŜǎǇƻƴǎŜ ǘƘŀƴ .9 ƻǊ {9 ŎƻƘƻǊǘǎ όCƛƎǳǊŜ мм ŀƴŘ ¢ŀōƭŜ !мΦр ƛƴ !ǇǇŜƴŘƛȄ мύΦ ²ƘƛƭŜ 

the responses of the VE group are closer to the ideal for each question, there are a significant proportion of 

ǊŜǎǇƻƴǎŜǎ ŦǳǊǘƘŜǎǘ ŦǊƻƳ ƛŘŜŀƭΦ  9ΦƎΦ ΨaŀƴŀƎƛƴƎ ŀ Ŏƭassroom where each student group is doing different 

ŀŎǘƛǾƛǘƛŜǎΩ ƛǎ ŘƛŦŦƛŎǳƭǘ ŦƻǊ нп҈ ƻŦ ǘƘŜ ±9 ƎǊƻǳǇ ŀƴŘ ǳǇ ǘƻ пс҈ ƻŦ ǘƘŜ .9 ƎǊƻǳǇΦ  ²ƘƛƭŜ Ƴŀƴȅ ŦŜŜƭ ǳƴŎƻƳŦƻǊǘŀōƭŜ 

with teaching areas of science that they have limited knowledge of (45%VE and 60% BE), many are also 

ΨǳƴŎƻƳŦƻǊǘŀōƭŜ with asking questions, in my class, where I am unsure of the answer myselfΩ όоп҈ .9 ŀƴŘ нм҈ 

VE).  Self-perception as a teacher is also important but almost one-fifth of the group have feelings of 

inadequacy if they do not know answers to student questions (Figure 11 and in Table A1.5, Appendix 1). 
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Figure 11: Responses to questions relating to Personal Skills in the Inquiry Classroom, based on individual teacher 
experience in IBSE (SD, D, U, A, SA abbreviate for strongly disagree, disagree, uncertain, agree, strongly agree)  
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1.2.6   Student/Teacher control  

This section focussed on determining the extent of occurrence of implementation of particular practices within 

the classroom, which in turn was used to infer the extent of student involvement in inquiry activities and how 

much control students have within the inquiry activity.  

These questions were from the PSI-T questionnaire (Campbell, Abd-Hamid, & Chapman, 2010) and are 

grouped into 5 sections, based loosely on the main activities involved in the inquiry process, namely: asking 

research questions, designing investigations, conducting investigations, collecting data and drawing 

conclusions.  Responses from each question item were coded, particular groupings  summed and then 

averaged as before.  Eighteen out of twenty of the items in this section are coded positively with 1 

ǊŜǇǊŜǎŜƴǘƛƴƎ άŀƭƳƻǎǘ ƴŜǾŜǊέ ŀƴŘ р ǊŜǇǊŜǎŜƴǘƛƴƎ άŀƭƳƻǎǘ ŀƭǿŀȅǎΦέ 

Asking Research Questions 

In this group of statements (items 47-50, Appendix 4), teachers were asked to indicate how often practices 

relating to the use of student questions occurred.   

¶ Students formulate questions which can be answered by investigations; 

¶ Student research questions are used to determine the direction and focus of the lab; 

¶ Students framing their own research questions are important; 

¶ Time is devoted to refining student questions so that they can be answered by investigations. 

¢ƘŜ ΨƛŘŜŀƭΩ ǊŜǎǇƻƴǎŜ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘŜŀŎƘŜǊǎ ǊŜǇƻǊǘƛƴƎ ǘƘŀǘ ŀƭƭ ƻŦ ǘƘŜǎŜ ǇǊŀŎǘƛŎŜǎ ƻŎŎǳǊ ŀƭƳƻǎǘ ŀƭǿŀȅǎΣ ƛΦŜΦ ǘhat 

students have a lot of control in determining the research question that they wish to investigate. The mean 

response for this set of statements is 2.9, implying that students sometimes determine the research question 

being investigated. MDS analysis (Figure 12) identifies four cluster groups. The cluster containing K and C agree 

that students formulate questions which can be answered by investigations, while other cohorts are uncertain, 

and K and C are also more positive/less uncertain in the responses to the other questions than any of the other 

ŎƻƘƻǊǘǎΦ /ƻƘƻǊǘ 9 ŘƛǎŀƎǊŜŜǎ ƳƻǊŜ ǘƘŀƴ ƻǘƘŜǊǎ ǿƛǘƘ ǘƘŜ ǎǘŀǘŜƳŜƴǘ ǘƘŀǘ Ψstudents framing their own research 

ǉǳŜǎǘƛƻƴǎ ŀǊŜ ƛƳǇƻǊǘŀƴǘΩΦ 

 

Figure 12: MDS diagram for frequency of students Asking Research Questions based on initial profile 

 

There are statistically significant changes in the mean (based on Wilcoxan Signed Rank Test) depending on the 

experience level of teachers. The frequency of activities based on teacher experience is shown in Figure 13 
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(and in Table A1.6 in Appendix 1). For the very experienced cohort, 51% of teachers  report that their students 

often or almost always formulate questions that can be answered by investigations in comparison to 24% of SE 

teachers and 31% of BE teachers. 42% of VE teachers allow their students questions to determine the focus of 

the lab in comparison to 16% of SE teachers and 19% of BE teachers.  42% of VE teachers often or almost 

always take time to refine students questions in comparison to 23% of SE teachers and 19% of BE teachers. 

Significant differences in responses are also apparent between VE and SE cohorts in terms of the frequency of 

the importance of students framing their own questions.  

 

 

Figure 13: Responses to questions relating to Asking Research Questions, based on individual teacher experience in IBSE 
(AN, SE, SO, O, AA abbreviate for almost never, seldom, sometimes, often, almost always) 
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Designing Investigations  

This group of statements (items 51-54, Appendix 4) define how often teachers allow their students to design, 

critique and justify their own investigation procedures, namely: 

¶ Students are given step-by-step instructions before they conduct investigations; 

¶ Students design their own procedures for investigations; 

¶ Students engage in the critical assessment of the procedures that are employed when they conduct 

investigations; 

¶ Students justify the appropriateness of the procedures that are employed when they conduct 

investigations. 

¢ƘŜ ΨƛŘŜŀƭΩ ŎŀǎŜ ƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ŀƎǊŜŜƳŜƴǘ ǘƘŀǘ ǎǘǳŘŜƴǘǎ ΨŀƭƳƻǎǘ ŀƭǿŀȅǎΩ ŘŜǎƛƎƴ ǘƘŜƛǊ ƻǿƴ ǇǊƻŎŜŘǳǊŜǎΣ 

engage in critical assessment and justify the appropriateness of procedures, while students are rarely given 

step-by-step procedures. The average response for this series of questions is 2.88 implying that these practices 

ƻŎŎǳǊ ΨǎƻƳŜǘƛƳŜǎΩΦ  

 

Figure 14: MDS diagram for frequency of students Designing Investigations based on initial profile 

 

MDS analysis identifies four clusters (Figure 14). The cluster with cohorts M, E and I responded that their 

students sometimes are given step-by-step instructions, sometimes design their own investigations, engage in 

the critical assessment and justify appropriateness of the procedure employed. Cohort C often provides 

students with step-by-step instructions, students seldom determine their own procedures and engage in 

critical assessment of procedures, but sometimes justify the appropriateness of procedures.  

Responses to the statements strongly depend on the experience level of teachers with significant differences 

in mean response based on Mann-Whitney Analysis. BE teachers more frequently give students step-by-step 

instructions with 64% reporting that they often or almost always do so in comparison to 27% of the VE group. 

51% of VE teachers report that their students often or almost always critically evaluate the procedures 

employed in an investigation in comparison to 39% of SE teachers and 17% of BE teachers. Figure 15 (and 

Table A1.7 in Appendix 1) shows how often teachers allow their students to design, critique and justify their 

own investigation procedures by teacher experience level. 
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Figure 15: Responses to questions relating to Designing Investigations, based on individual teacher experience in IBSE 
(AN, SE, SO, O, AA abbreviate for almost never, seldom, sometimes, often, almost always) 

Conducting Investigations  
This group of statements (items 55-58, Appendix 4) determine how often students participate in the 

conduction of their own investigations, as follows: 

¶ Students conduct their own procedures of an investigation; 

¶ The investigation is conducted by the teacher in front of the class; 

¶ Students actively participate in investigations as they are conducted; 

¶ Each student has a role as investigations are conducted. 

Responses were rated from 1 to 5, with 5 representing student ǇŀǊǘƛŎƛǇŀǘƛƻƴ ΨŀƭƳƻǎǘ ŀƭǿŀȅǎΩΦ  όbƻǘŜ ǘƘŀǘ ǘƘŜ 

second statement was coded in reverse). The mean of the overall group was 3.22 suggesting that teachers at 

ƭŜŀǎǘ ΨǎƻƳŜǘƛƳŜǎΩ allow these practices to occur in their classrooms.  Three separate clusters were identified 

by MDS analysis (Figure 16). 
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Figure 16: MDS diagram for frequency of students Conducting Investigations based on initial profile 

 

Figure 17 (and Table A1.8 in Appendix 1) shows how often students conduct their own investigations based on 

teacher experience level. With increased teacher experience, students more frequently conduct their own 

investigations, actively participate in investigations and have their own role in an investigation and teacher 

demonstrations occur less frequently. 
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Figure 17: Responses to questions relating to Conducting Investigations, based on individual teacher experience in IBSE 
(AN, SE, SO, O, AA abbreviate for almost never, seldom, sometimes, often, almost always) 

 

Collecting Data 

When conducting investigations, a key learning opportunity for students is to decide on what data should be 

collected, why it needs to be collected and how it should be collected.  This group of statements (items 59-62, 

Appendix 4) determines the frequency that students are allowed to make these decisions.  Responses were 

rated from 1 to 5, with р ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ ǎǘǳŘŜƴǘǎ ƘŀǾŜ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜǎŜ ŘŜŎƛǎƛƻƴǎ ΨŀƭƳƻǎǘ ŀƭǿŀȅǎΩΦ  ¢ƘŜ ƳŜŀƴ 

ǾŀƭǳŜ ƻōǘŀƛƴŜŘ ƛǎ оΦлп ǎǳƎƎŜǎǘƛƴƎ ǘƘŀǘ ǎǘǳŘŜƴǘǎ ŀǊŜ ƎƛǾŜƴ ǘƘƛǎ ŎƻƴǘǊƻƭ ΨǎƻƳŜǘƛƳŜǎΩ ǿƛǘƘƛƴ ǘƘŜ ŎƭŀǎǎǊƻƻƳ, 

namely: 

¶ Students determine which data to collect; 

¶ Students take detailed notes during each investigation along with other data they collect; 

¶ Students understand why the data they are collecting is important; 

¶ Students decide when data should be collected in an investigation. 
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Looking at the MDS (Figure 18), the group closest to the ideal, containing cohorts K, I, G, L and D, responded 

that students sometimes determined which data to collect and sometimes or often took detailed notes along 

with data and understood why the data they are collecting is important. The further away from the ideal, the 

less frequently these practices occurred and for cohort E all of these practices seldom occurred.   

 

Figure 18: MDS diagram for frequency of students Collecting Data based on initial profile 

 

Figure 19 (and Table A1.9 in Appendix 1) shows the frequency of student control with data collection. The 

students of the VE group of teachers appear to be more often directly involved in data collection practices 

than those students of the BE or SE teacher.  This applies for determining what data to collect, why they collect 

it and when to collect it.  Taking detailed notes during an investigation is a practice encouraged by most of the 

teachers. 
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Figure 19: Responses to questions relating to Collecting Data, based on individual teacher experience in IBSE (AN, SE, SO, 
O, AA abbreviate for almost never, seldom, sometimes, often, almost always) 

Drawing Conclusions 

Within this group of statements (items 63-66, Appendix 4), teachers were asked to indicate how often their 

students draw conclusions, interpret evidence, use scientific knowledge and justify conclusions, by themselves, 

after conducting investigations. Responses were rated from 1-5, with 5 suggesting that the teachers stated 

ǘƘŀǘ ǘƘŜƛǊ ǎǘǳŘŜƴǘǎ ŀǊŜ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜǎŜ ŀŎǘƛǾƛǘƛŜǎ Ψalmost alwaysΦΩ The mean score was 3.22, which suggests 

that these practices occur ΨǎƻƳŜǘƛƳŜǎΩ ǘƻ ΨƻŦǘŜƴΩ ǿƛǘƘƛƴ ǘƘŜƛǊ ŎƭŀǎǎǊƻƻƳǎ: 

¶ Students develop their own conclusions for investigations; 

¶ Students consider a variety of ways of interpreting evidence when making conclusions; 

¶ Students connect conclusions to scientific knowledge; 

¶ Students justify their conclusions. 

MDS analysis (Figure 20) identifies four clusters. 

Students take detailed notes during 

each investigation along with other 

data they collect 

 

Students decide when data should 

be collected in an investigation 
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The cluster containing I, Land K is closest to the ideal. For this cluster, responses showed that students often 

develop their own conclusions for investigations, connect their conclusions to scientific knowledge and justify 

their conclusions. Cohort C responded that their students sometimes engaged in these practices but seldom 

consider a variety of ways of interpreting evidence when making conclusions. 

Figure 21 (and Table A1.10 in Appendix 1) shows the frequency for students drawing conclusions based on 

teacher IBSE experience level. There are significant differences in mean response based on Mann Whitney 

tests. As teacher experience level increases, a greater percentage of teachers report that their students 

frequently develop their own conclusions, interpret evidence in a variety of ways, connect conclusions to their 

scientific knowledge and justify their conclusions.  

 

 

Figure 20: MDS diagram for frequency of students Drawing Conclusions based on initial profile 
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Figure 21: Responses to questions relating to Drawing Conclusions, based on individual teacher experience in IBSE (AN, 
SE, SO, O, AA abbreviate for almost never, seldom, sometimes, often, almost always) 

1.3 Conclusion 
¢ŜŀŎƘŜǊǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƛƴǉǳƛǊȅ ǿŀǎ ǎǘǊƻƴƎƭȅ ƛƴŦƭǳŜƴŎŜŘ ōȅ ǘƘŜ ŜȄǇŜǊƛŜƴŎŜ ƭŜǾŜƭ ƻŦ ǘŜŀŎƘŜǊǎΣ ǿƛǘƘ ŎƻƘƻǊǘǎ 

containing a large proportion of SE and VE teachers fully understanding inquiry and the role of teachers and 

students in an inquiry classroom. In terms of reported barriers to implementing inquiry such as time-pressures 

and lack of suitability for all student abilities, BE cohorts were more uncertain towards overcoming these 

barriers while experienced teachers felt that these issues were not so important. With regard to industrial 

links, teachers value a broader view of science in the classroom, with over 80% of the BE teachers (and 94% of 

ǘƘŜ ±9 ǘŜŀŎƘŜǊǎύ ǎǘŀǘƛƴƎ ǘƘŀǘ ǘƘŜȅ ǿŀƴǘ ǘƘŜƛǊ ΨǎǘǳŘŜƴǘǎ ǘƻ ƪƴƻǿ ŀōƻǳǘ ǘƘŜ ƭŀǘŜǎǘ ŘŜǾŜƭƻǇƳŜƴǘǎ ŀƴŘ 

ŀǇǇƭƛŎŀǘƛƻƴǎ ƻŦ ǎŎƛŜƴŎŜ ŀƴŘ ŜƴƎƛƴŜŜǊƛƴƎΩΦ  

There are large differences seen with classroom practice; BE teachers are more likeƭȅ ǘƻ Ψtell the students the 

ǊƛƎƘǘ ŀƴǎǿŜǊκǊŜǎǳƭǘΩ ƛƴ ŀƴ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ŀƴŘ ŀǊŜ ƳƻǊŜ ǳƴŎŜǊǘŀƛƴ ƻŦ Ƙƻǿ ǘƻ ŀǎƪ Ψhigher order questions that 

ǇǊƻƳƻǘŜǎ ǘƘƛƴƪƛƴƎΩΦ  aŀƴŀƎƛƴƎ ŀ ŎƭŀǎǎǊƻƻƳ ǿƘŜǊŜ ŜŀŎƘ ǎǘǳŘŜƴǘ ƎǊƻǳǇ ƛǎ ŘƻƛƴƎ ŘƛŦŦŜǊŜƴǘ ŀŎǘƛǾƛǘƛŜǎ ƛǎ ŘƛŦŦƛŎǳƭǘ ŦƻǊ 

24% of the VE group and up to 46% of the BE group.  While many feel uncomfortable with teaching areas of 

ǎŎƛŜƴŎŜ ǘƘŀǘ ǘƘŜȅ ƘŀǾŜ ƭƛƳƛǘŜŘ ƪƴƻǿƭŜŘƎŜ ƻŦ όпр҈±9 ŀƴŘ сл҈ .9ύΣ Ƴŀƴȅ ŀǊŜ ŀƭǎƻ ΨǳƴŎƻƳŦƻǊǘŀōƭŜ with asking 

questions, in my class, where I am unsure of the answer myselfΩ όоп҈ .9 ŀƴŘ нм҈ ±9ύ.  Self-perception as a 

teacher is also important but almost one-fifth of the group with feelings of inadequacy if they do not know 

answers to student questions.  
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In terms of student control in an inquiry classroom, the average response implies that students sometimes 

determine the research question, design investigations, conduct investigations, decide which data to collect 

ŀƴŘ ŘǊŀǿ ŎƻƴŎƭǳǎƛƻƴǎΦ ¢Ƙƛǎ Ƴŀȅ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ ǘȅǇŜ ƻŦ ƛƴǉǳƛǊȅ ǳǎŜŘ ǘŜƴŘǎ ǘƻ ōŜ ƳƻǊŜ ΨƎǳƛŘŜŘΩ ǘƘŀƴ ΨƻǇen. 
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SECTION 2 Change in profile after Teacher Education 

Programme  
 

In this section, the change in the teacher profile after teachers attended the TEP are discussed. Note, in some 

instances the MDS graph already shown in Section 1 differs from that in Section 2 as the data noted in this 

section is based on individual matched pairs only, i.e. only teachers who had completed both questionnaires 

are included in the analysis.  Also some countries carried out alternative post workshop evaluations, which are 

reported elsewhere. The proportion of teachers in each country, who completed both the initial and final 

questionnaires, is noted in Table 1. The change in profile, as determined from MDS analysis, is shown under 

each attribute heading per teacher cohort.  The component questions are then considered for each attribute 

and any differences between the cohorts are highlighted.  Finally, the changes based on experience level of the 

teachers are discussed.   Detailed tables of data are referred to under each heading but are included in 

Appendix 2.  

The MDS data analysis shows the change in the average response for each cohort from the initial 

questionnaire, at the beginning of teacher education programme, to the final questionnaire, completed after 

the programme.   The notation used in the MDS plots is that the asterisk shows the response after the teacher 

ŜŘǳŎŀǘƛƻƴ ǇǊƻƎǊŀƳƳŜΦ Lƴ ŀƭƭ ŎŀǎŜǎΣ ǘƘŜ ΨƛŘŜŀƭΩ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ƛƴ {ŜŎǘƛƻƴ м. 

2.1 Understanding of inquiry 

Overview  

¢ŜŀŎƘŜǊǎΩ ƻǾŜǊŀƭƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƛƴǉǳƛǊȅ ƛǎ ŘŜǘŜǊmined from their responses to questions asking them to rate 

their understanding of IBSE, as well as their understanding of their role as a teacher and the role of the 

students in the inquiry classroom.  The MDS plot for each cohort at the beginning and after the teacher 

education programme is shown in Figure 22.  

 

 

Figure 22: MDS of Understanding of Inquiry, based on matched pairs, per cohort (* denotes responses after teacher 
education programme)  
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Four distinct clusters can be seen in the MDS (Figure 22); cluster 3 depicts responses that are uncertain or 

disagree with the three statements in the questionnaire (see Section 1.2.1); cluster 2 depicts responses in the 

disagree category (closer to the ideal); while cluster 1 is very close to ideal response, strongly disagreeing with 

all statements.  One cohort (E) is furthest from the cluster as they indicate that they do not understand inquiry, 

and while they do understand the role of the teacher, they are uncertain as to the role of the student in the 

inquiry classroom.  

 

In all cases, the averaged response from each cohort has shifted closer to the ideal, after the teacher 

education programme, with the exception of cohort E.    

Large shifts after the teacher education programme are evident in most cohorts but particularly A, B, C, D and 

F.  The G cohort is near the ideal initially and remains there after the TEP. As a total cohort, the teachers have 

shifted towards a greater understanding of inquiry and also an increased understanding of the roles of teacher 

and student in the inquiry classroom.   

 

Component Questions  

From averaged responses to each of the individual questions, there are statistically significant changes in the 

mean (based on Wilcoxan Signed Rank Test) for many cohorts, showing that teachers understanding has 

increased (shifted towards the ideal) (see Table A2.1 in Appendix  2 for details). Specifically,  

¶ increased understanding of IBSE ς by cohorts A, B, C and I; 

¶  increased understanding of role of teacher in the inquiry classroom  - by cohorts A, B, C, D and F; 

¶  increased understanding of role of student in the inquiry classroom - by cohorts B, C and F. 

So there is clear indication that workshops have increased participants understanding of inquiry and the role of 

the teacher and of the student in the inquiry classroom.   

 

Teacher Experience Level  

Statistical differences are evident in the changes of the mean scores of the BE cohort and SE cohort of teachers 

(see Table A2.1 in Appendix 2). As the teacher groups in most cohorts have different combinations of teachers 

who are BE , SE and VE in inquiry, the MDS was carried out on the BE cohort and the SE cohort (there were few 

VE teachers so this group was not included).  Selecting all the BE group from across all the cohorts amounts to 

162 teachers.   The MDS plot of their profile at the beginning and after TEP is shown in Figure 23.  This graph is 

ŘƛŦŦƛŎǳƭǘ ǘƻ ƛƴǘŜǊǇǊŜǘ ŀǎ ǘƘŜǊŜ ŀǊŜ Ƴŀƴȅ ƛƴŘƛǾƛŘǳŀƭǎ ΨƘƛŘŘŜƴΩ ǿƛǘƘƛƴ ŜŀŎƘ Řŀǘŀ ǇƻƛƴǘΣ ŀǎ ǘƘŜȅ ƘŀǾŜ ƎƛǾŜƴ ǘƘŜ ǎŀƳŜ 

responses on the questionnaire .  From the arrangement of the data points, it is clear that there is less 

variation in the ΨŀŦǘŜǊ ¢9tΩ data. Therefore, the change that has occurred was examined in the following way.  

As the responses to the questionnaires were categorical (i.e. responses 1-5), each point on the MDS denotes a 

particular combination of answers.  As shown on Figure 23, clusters could be made showing that the numerical 

sum of the scores was increasing with distance from the ideal.  Therefore 5 clusters were identified according 

to the sum of the responses to the three questions as follows:  Ψ{ǘǊƻƴƎƭȅ !ƎǊŜŜ ǿƛǘƘ idealΩ (absolute difference 

from ideal position less than or equal to 1, e.g. coded responses such as (1,1,1), (1,2,1) or (2,1,1)); Ψ!ƎǊŜŜ ǿƛǘƘ 

idealΩ (absolute difference from ideal position between 2 and 3, e.g. coded responses such as (2,2,1);( 3,1,1); 

(2,2,2 )); ΨuncertainΩ (absolute difference from ideal position between 4 and 6); Ψdisagreeing with ƛŘŜŀƭΩ 

(absolute difference from ideal position between 7 and 9); and Ψstrong disagreement with idealΩ  (absolute 

difference from ideal position greater than 10). Figure 24 shows the number of teachers within each category 

in both the initial and final surveys.  Clearly, there is a large shift towards the ideal by the BE group of teachers.  

A similar trend can be seen with the SE group of teachers, but the change is not as marked as the cohort is 

closer to the ideal anyway (see Figure A2.1, Appendix 2). 
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Key conclusion  

Almost all cohorts have increased their understanding of inquiry and their understanding of the roles of 

teacher and student in an inquiry classroom, after attending the teacher education programme.  The bigger 

shift in understanding has been in those who classify themselves as beginners in IBSE. 

 

 

Figure 23: MDS of BE group Understanding of Inquiry, before and after the teacher education programme  
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Figure 24: Proportion of teachers within cluster groups initially and finally (a) BE cohort, (b) SE cohort (UOI Init = 
Understanding of Inquiry from initial questionnaire, UOI Fin = Understanding of Inquiry from final questionnaire) (SA*, 
A*, U*, D*, SD* abbreviate for strongly agree with ideal, agree with ideal, uncertain, disagree with ideal, strongly 
disagree with ideal, respectively) 

2.2 Attitude to inquiry  

Overview  

Responses to attitudes to inquiry by matched pairs of teacher cohorts were analysed by MDS and plotted in 

Figure 25. The questions used are: 

¶ I think inquiry takes up too much classroom time for me to implement; 

¶ The use of inquiry is appropriate to achieving the aims of the curriculum; 

¶ Inquiry based teaching is only suitable for very capable students. 

Three clusters are evident on the MDS plot (Figure 25). The responses to the questions associated with cluster 

н ŀǊŜ ƳƻǊŜ ΨǳƴŎŜǊǘŀƛƴΩ ǿƘƛƭŜ ǘƘƻǎŜ ƛƴ ŎƭǳǎǘŜr 1 are tending more towards the ideal response.  

The change in responses by each cohort after the teacher education programme is shown in Figure 25. While 

no cohort was at the ideal, there was a shift towards the ideal evident in cohorts A, B, C, and to a smaller 

extent, H and I.  Two cohorts (E and F) are external to cluster 1 and 2 initially, due mainly to stronger 

ŀƎǊŜŜƳŜƴǘ ǘƘŀǘ ΨƛƴǉǳƛǊȅ ǘŀƪŜǎ ǳǇ ǘƻƻ ŎƭŀǎǎǊƻƻƳ ǘƛƳŜ ǘƻ ƛƳǇƭŜƳŜƴǘΩ ŀƴŘ ΨǳƴŎŜǊǘŀƛƴǘȅ ǘƘŀǘ ƛƴǉǳƛǊȅ ƛǎ ƻƴƭȅ 

suitable for the very capable studentǎΩΦ  /ƻƘƻǊǘ 9 ŀƎǊŜŜ ƳƻǊŜ ǎǘǊƻƴƎƭȅ ŀŦǘŜǊ ǘƘŜ ǿƻǊƪǎƘƻǇǎ ǘƘŀǘ ΨƛƴǉǳƛǊȅ ǘŀƪŜǎ 

ǳǇ ǘƻƻ ŎƭŀǎǎǊƻƻƳ ǘƛƳŜ ǘƻ ƛƳǇƭŜƳŜƴǘΩΦ 

 

SE Cohort 
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Figure 25: MDS of Attitude to Inquiry, based on matched pairs, per country (* denotes responses after teacher education 
programme) 

 

Component Questions 

Statistically significant changes (p<0.05) in the mean responses to individual questions before and after the 

teacher education programme (see Table A2.2 in Appendix 2), show that the changes evident in particular 

cohorts are due to changes in the level of agreement to particular statements: 

¶ Inquiry takes up too much classroom time for me to implement -  shifts by cohorts B and C from 

uncertain to disagree; 

¶ Use of inquiry is appropriate to achieving the aims of the curriculum  - shifts by cohorts B, C and E 

from uncertain to positive agreement; 

¶ Inquiry based teaching is only suitable for the very capable students ς shift from uncertain  to 

disagree by cohorts A, B, E and F while cohorts C and D shifted towards stronger disagreement. 

Together this data suggests that the attitude of the teachers has changed after the teacher education 

programme to address some of the obstacles usually put forward for not engaging with inquiry activities. 

 

Teacher Experience Level  

Significant differences (p<0.05) can be seen for the mean responses in this section by the BE cohort compared 

to the SE and VE groups (see Table A2.2 in Appendix 2).  Therefore the changes in responses of the BE and SE 

cohorts were considered separately. As detailed under Section 2.1, the responses to the questions for the BE 

cohort were plotted on MDS plot and categorised with regard to distance from ideal.  Five categories were 

identified (Figure A2.2 in Appendix 2) and the number of teachers within each category was compared, before 

and after the teacher education programme.    The percentage of teachers in each of the categories both 

before and after the teacher education programme is shown in Figure 26, for both the BE cohort and the SE 

cohort. 
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Figure 26: Numbers of teachers in each category, before and after the teacher education programme for BE and SE 
cohorts (AT1 attitude to Inquiry; Init, Fin are Initial and final questionaires) (SA*, A*, U*, D*, SD* abbreviate for strongly 
agree with ideal, agree with ideal, uncertain, disagree with ideal, strongly disagree with ideal, respectively) 

 

Key conclusion  
From this data, it is clear that the attitudes to inquiry have shifted after the teacher education programme 

towards the ideal response by the majority of the teacher cohorts and particularly, the effect seems to be 

more significant on the BE cohort.  

 

 

 

SE Cohort 
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2.3 Industrial Link s 

Overview  

All data relating to responses for statements relating to industrial links, before and after the TEP, have been 

analysed by MDS.  Statement analysed in this section were: 

¶ I want my students to know about the latest developments and applications of science and 

engineering; 

¶ I can easily relate scientific concepts in the curriculum to phenomena beyond the classroom; 

¶ I often show students the relevance of science in industry; 

¶ My students understand the importance of science and technology for our society; 

¶ If I had more information about industrial processes, I would use it in my teaching.  

MDS analysis data is plotted in Figure 27. Two cohorts do not shift significantly after TEP, namely cohorts G 

and H.  Cohort F remains outside the main cluster but does shift slightly closer to the cluster and the ideal. 

There is again convergence after the TEP with B and C moving into the cluster.  Cohort C, after the TEP, agree 

ǘƘŀǘ ǘƘŜȅ Ŏŀƴ ΨŜŀǎƛƭȅ ǊŜƭŀǘŜ ǎŎƛŜƴǘƛŦƛŎ ŎƻƴŎŜǇǘǎ ƛƴ ǘƘŜ ŎǳǊǊƛŎǳƭǳƳ ǘƻ ǇƘŜƴƻƳŜƴŀ ōŜȅƻƴŘ ǘƘŜ ŎƭŀǎǎǊƻƻƳΩ ŀƴŘ ǘƘŀǘ 

ǘƘŜƛǊ Ψstudents understand the importance of science and technology for our societyΩΦ  ¢Ƙƛǎ ƛǎ ƛƴ ŎƻƴǘǊŀǎǘ ǘƻ 

cohort B, who after the TEP, are more uncertain ǘƻ ΨƻŦǘŜƴ ǎƘƻǿ ǎǘǳŘŜƴǘǎ ǘƘŜ ǊŜƭŜǾŀƴŎŜ ƻŦ ǎŎƛŜƴŎŜ ƛƴ ƛƴŘǳǎǘǊȅΩ 

and have students ǿƘƻ Ψunderstand the importance of science and technology for our societyΩΦ 

 

 

Figure 27: MDS diagram for Change in Industrial Links as shown by matched pairs, per country (* denotes responses 
after teacher education programme) 

 

Component Questions  

Few statistically significant (p<0.05) questions contribute to this section. Responses differed significantly for 

the following statements after the TEP: 

¶ I want my students to know about the latest developments and applications of science and 

engineering ς cohort C shift to more strong agreement; 

¶ I can easily relate scientific concepts in the curriculum to phenomena beyond the classroom ς cohort 

C shift to more strong agreement; 
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¶ I often show students the relevance of science in industry ς shift from uncertain to agree by cohort F; 

shift by cohort C to less strongly agree with this statement; 

¶ My students understand the importance of science and technology for our society ς Cohort C shift 

from uncertain to agree, but cohort B shifts from strongly  agree to agree while cohort D shifts to 

slightly less agreement;  

¶ If I had more information about industrial processes, I would use it in my teaching ς cohort C agree 

more strongly. 

This data is summarised in Table A2.3 in Appendix 2.   

 

Teacher Experience Level  

The shift in individual teachers is analysed based on their experience level with IBSE, as outlined earlier. MDS 

data is shown in Figure A2.3 in Appendix 2 for both the BE and SE cohorts and the output is summarised in 

Figure 28.  Both before and after the TEP, there is a similar pattern to the BE and SE cohorts in terms of their 

answers to questions relating to Industrial Links.  From Figure 28, examining the shift in the BE cohort, there is 

a small move of about 10 % of the teachers moving towards the ideal but changes are not as significant here as 

in other areas.  This shift in awareness towards the ideal is by both cohorts. 

 
Figure 28: Numbers of teachers in each category, before and after TEP for BE and SE cohorts (Industrial Links) (SA*, A*, 
U*, D*, SD* abbreviate for strongly agree with ideal, agree with ideal, uncertain, disagree with ideal, strongly disagree 
with ideal, respectively) 

 

Key conclusion  

While small shifts were evident by most of the teacher cohorts after the TEP,  these changes occurred for both 

teachers who were beginners in inquiry and those with some experience. 
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2.4 Practice in the inquiry classroom   

Overview  

Responses to three questions relating to specific aspects of inquiry teaching, before and after the TEP, was 

analysed by MDS:   

¶ If a student investigation leads to an unexpected result I always tell the students the right 

answer/result; 

¶ I am unsure how to ask students higher order questions that promotes thinking; 

¶ I have sufficient knowledge of science to implement an inquiry lesson effectively. 

The cohorts fall into 2 clusters initially (Figure 29). Cohorts B and F are further from the ideal as they disagree 

ǿƛǘƘ ǘƘŜ ǎǘŀǘŜƳŜƴǘ ΨIf a student investigation leads to an unexpected result I always tell the students the right 

ŀƴǎǿŜǊκǊŜǎǳƭǘΩΣ ǿƘƛƭŜ ǘƘŜ ŎƻƘƻǊǘǎ ƛƴ ǘƘŜ Ƴŀƛƴ ŎƭǳǎǘŜǊ ŀƎǊŜŜ ǿƛǘƘ ǘƘƛǎ ǎǘŀǘŜƳŜƴǘΦ  

After the TEP, there are several small shifts by cohorts B, I, A and G. However, there is a large shift in cohort H 

away from the ideal response - ŘǳŜ Ƴŀƛƴƭȅ ǘƻ ŀ ǎƘƛŦǘ ŦǊƻƳ Ψfeeling confident about asking higher order 

ǉǳŜǎǘƛƻƴǎΩ ǘƻ ΨŦŜŜƭƛƴƎ ǘƘŀǘ ǘƘŜȅ Řƻ ƴƻǘ ƘŀǾŜ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ŀǎƪ ƘƛƎƘŜǊ ƻǊŘŜǊ ǉǳŜǎǘƛƻƴǎΩΦ  ¢Ƙƛǎ ŎƻƘƻǊǘ ŀƭǎƻ ǎƘƛŦǘŜŘ 

from agreeing that they had sufficient knowledge of science to implement an inquiry lesson effectively to 

disagreeing with this statement.  The shifts evident in cohort C are largely due to stronger disagreement that 

they would always tell the student the correct answer if a student investigation lead to an unexpected result, 

and also a shift from uncertain to disagree that they had sufficient knowledge of science to implement an 

inquiry lesson effectively.  

 

Figure 29: MDS diagram for Change in Practice in the Inquiry Classroom as shown by matched pairs, per country (* 
denotes responses after teacher education programme) 

 

Component Questions  

Examining in more detail the statistically significant changes to responses for each component question by 

each cohort, shows that there are several significant shifts (see Table A2.4 in Appendix 2), as follows, given for 

each statement: 
















































