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A. Background to this report

This report is a deliverable of Work Packdg@VP) of the European FPfiinded project
G9dzNRLISIY {OASYOS FyR ¢SOKyz2f238 Ay ! OGA2YY
| 2YSé 069 244749,201@013). It meets the requirements of the Deliveabl5

by presenting a report on thénal profile ofin-da SNIZA OS (1 SI OKSNEQ dzy RSN
attitude to inquiry based science education.

Report prepared ¥ Odilla Finlaysorkilish McLoughlieirdre McCabe, Leeanne Hinch,
Sarah BradyCASeL, Dublin City University, Dublin

This document, published in March 2Q1lhas been produced within the scope of the

9{ ¢! . [L{l tNRr2SOlz HKAOK KlFIa NBOSAOGSR TFdzy¥R
Framework Programme for research, technological development and demonstration under

grant agreement n@44749.

The utilisation andelease of this document is subject to the conditions of the contract

within the Sevell Framework Programme, project reference FEI%2009-1-244749and
NEFftSOGa (GKS dziK2NEQ @GASGaT GKS 9dzNBLISIY |y
of the infarmation contained therein.

For further information regarding ESTABLISH please contact:
Dr. Sarah Brady (ESTABLISH project manager)
Email: sarah.brady@dcu.ie

ESTABLISH websitehttp://www.establish-fp7.eu
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Project No: 244749 ESTABLISH Science in Society / CSA

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 elementsgharmquiry 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 aitlines 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:

w ! YRENEGFYRAY3I 2F Ayl dzi NB

w ! GaGAGdRS (26 NRA Ayl dzi NEB

w LYRAAGNRFE AYLRNIFYyOSKktAy]a

w t NJ @é koD classfoom

w tSNE2YFE {1Afta Ay NBEFGA2Y G2 Ayl dzA NE

The initial profile is based on 458 teachers attending the TEPs across 13 institutioagverall sampleas

a spread of agdeaching experiencand experience with inquiry based scieregtucation (IBSE). Half of the
teachers were in 360 year age group and threguarters were female, with females out numbering males in
most cohorts. The majority (88%) were teaching in mixed gender sclhotdsms of teaching experience
generally, ahird of the overall groughad 10 yearsr less teaching experience, a third had2d years and

the remaining third had over 20 yeaggperience.With regard to experience with IBSE, the teachers rated
themselves as a beginner (48%ving some experiare (45%) or very experienced (f%xperience 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,ttathehe

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 experieneel iwith 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 suds timepressures 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, alabstachers value a broader

GASs 2F aOASyOS Ay (GKS OflaaNeR2yYsx aGldAy3a GKFrid GKS& ¢
RS@OSt21LIYSyida yR LI AOFGA2ya 2F a0ASyOS FyR Sy3aiaySsh

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

associated with IBSE more difficgli dzOK a RSFfAy3 gA0GK WNRARIKG | yasSNKkNB3
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,rabst 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 hiseeshifted 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 studpritg of i
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 theirstudents 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 quests that promote thinking in students and also of

G§KSANI O2yFARSYOS Ay GKSANI 26y aOASYyOS (1y26ft SRIST | Fii€
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 attributethe 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 thehteracwith 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 ESTAB&&B¥ck teacher
education programme has ingased the understanding and attitudes ofgarvice 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 inquatycesain the classroom. The
ESTABLISH programme was a minimum of 10 hourddéeee 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 Teache 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 sHis 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 Developeingfiiry. 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 to

6! LIWISYRAE no ¢6+a& RSOSt2LISR (2 RSGSN¥YAYS GKS (S OKSND3
L F OSR 2y G(G(KS OKIy3aS Ay (SIFIOKSNERQ |GiGAGddzRSa G261 NRa A
links and their understanding @fquiry. 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 Appendigetyice Teacher
Questionnaire A), which was distributed to teachers at the stathe TEP. A second questionnaire
(Appendix 4, Irservice 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
guidelinesagreed 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 teeslattending). 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 TitePreport 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 ocedras 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:

Understandng of inquiry

Attitude towards inquiry

Industrial importance/links

Practice in the inquiry classroom
Personal Skills in relation to inquiry

=A =4 =4 -4 =
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SECTION 1 Overview of teacher sample

1.1 Overview

In total 458 teachers attending the TEP, organised by 13 itistits; completed the first questionnaireThe
overall samplédasa spread of agdeaching experiencand experience with inquiry based science education
(IBSE). Table 1 gives an overview of the teacher cohort. Note that particular cohorts of teaehers ar
identifiable through their code, as shown in Table 1. Half of the teachers were50 géar age group and
three-quarters were female. Most of them were teaching in mixed gender schools, with only four countries
having teachers involved in singdex shools (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 tlafdhe overall groughad 10 yearsr less teaching
experience, a thit had 1320 years and the remaining third had over 20 yesxperience.

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

either as a beginner (BHjaving some experience (SE)ery experienced (JE Using this rating, the overall
cohort consisted of 86BE, 45% with SE and%VEteachers 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).

Age/Years teaching- Age/Years teaching- Age/Years teaching-
Beginners Some experience Very experienced
40% 40% 60%
35% 35% 50%
30% 30%
25% 25% 40%
20% 20% 30%
15% 15% 20%
10% 10%
5% 5% 10%
0% 0% 0%
nn O o O o 9O + n O O 0O 9 9 + n O o0 o0 Q0o +
ERR A = ER R = R B
T - O o = " O o oo
- ~N N N M < - ~N M <
Age M Years teaching Age M Years teaching Age M Years teaching

Figure 1: Age distribution and years of teaching experience for those ragsBeginnergBE) Some experiencg SEjand
Very experienced VE)in inquiry
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Number Age range/ % Years of teaching experience/®| Gender/ % | Type of School/ % Expeni/r(fe Level/ Matched
Partner | Code of i o i i Pre and
Teachers| 20-35 | 3650 | >50 | 05 | 6-10 20 30 >30 M F Boys | Girls Mixed BE SE | VE post/%

DCU A 91 48.4 | 33.0 | 6.6 | 418 | 143| 20.9| 16.5| 3.3| 18.7|81.3| 99 | 19.8 | 69.2 40.7| 50.5| 8.8 9.9
CUNI B 70 286 | 57.1 | 11.4| 25.7| 11.4| 37.1| 229| 29| 57 |943| 0.0 0.0 100 82.9| 17.1| 0.0 94.3
UNIPA C 59 34 59.3 | 37.3| 17| 34| 37.3| 49.2| 85| 28.8|71.2| 119 | 0.0 | 88.1 86.4| 13.6| 0.0 91.5
JU D 37 108 | 56.8 | 32.4| 54| 108| 35.1| 43.2| 27| 81 |919| 2.7 2.7 | 94.6 43.2| 51.4| 54 45.9
UPJS E 33 27.3 | 485 | 242 | 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 28 143 | 571 | 25 3.6| 28.6| 357| 25.0| 7.1| 179|786 | 0.0 0.0 100 0.0| 64.3| 35.7 214
CMA H 19 105 | 42.1 | 474 | 26.3| 53| 158| 21.1| 26.3| 68.4| 31.6 | 0.0 0.0 100 31.6| 63.2| 53 52.6
AL I 21 143 | 714 | 95 48| 00| 57.1| 381| 0.0|38.1|619| 33.3| 333 | 19.0 33.3| 667 0.0 90.5
IPN J 13 46.2 | 23.1 | 23.1| 46.2| 15.4| 385| 00| 0.0| 69.2| 30.8| 0.0 0.0 100 15.4| 84.6| 0.0 0.0
MLU K 7 143 | 57.1 | 286 | 14.3| 14.3| 28.6| 429| 0.0| 429| 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|719| 0.0 0.0 100 6.3| 81.3| 12.5 0.0
Umu M 18 11.1 | 50.0 | 389 | 0.0| 389| 38.9| 22.2| 0.0| 33.3| 66.7| 0.0 0.0 100 56| 72.2| 22.2 0.0
TOTAL 458 234 | 50.0 | 22.9| 19.2| 15.3| 31.2| 26.9| 6.1| 225 | 77.3| 5.2 5.7 | 88.2 48.3| 445| 7.2 50.9

Tablel: Overview of teacher cloorts that have completed questionnaires

* Balance relates to percentage of noespondents.
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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 focusthe 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 WDXSis an analysis techoigthat graphically displays
dissimilaritied similarities among object©bjects that are considered similar to each other are represented
by points that are close together on thdDSconfiguration

1.2.1 Understanding of inquiry

¢ S OK S NEA derstagifid\af ihcfuiry dezgetermined 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 tesaire were coded -b and the average for each
jdzSadAz2y LISN) O2dzy iNB ¢l & dzaSR Fa Fy AyLdzi F2NJ Iy ab5/{
provides a graphical interpretation of the similarity/dissimilarity between data. Countriessivithar 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

G2 Fy WARBSIOICA INBIBLIAW I ¢KS WARSFIfQ NBalLlyaS Aa (GKAa
roles of teacher and student in an inquiry classroom.

CNRY CAIdzZNBE HI AG Aa Of SINIGKIG O2K2NIa OfdzalilBl & yidz2
and G¢ 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 indicatgore 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.

0.6 Understanding of Inquiry

0.4

Figure 2: MDS diagram for Understanding of Inquiry, d®n 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 teaches 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 Tahlk iAJAppendix 1).

Pagel0 of 66
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1 don’t fully understand | don’t fully understand 1 don’t fully understand
my role as a teacher inan inquiry based science the role of the students in
inquiry classroom education an inquiry classroom
80% 80% 80%
70% 0% WBE | 70% mBE
60% 60% SE— 60%
50% 50% ———mVE 50%
40% A0% 40%
30% 30% 30%
20% 20% 20%
10% 10% - 10%
0% 0% 0%
sb D U A SA SO D u A SA SO D U A SA

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

2F OflLaaNR2yY (GAYSTZ 1101 2F W3I22R¥Y aiddzRSyida FyR fI 01 2
agreementtothefollok y 3 GKNBS adl iSySyda 6SNB O2Yo6AySR (2 3IABS
inquiry:

9 1think inquiry takes up too much classroom time for me to implement
9 The use of inquiry is appropriate to achieving the aims of the curriculum
1 Inquiry basedeaching is only suitable for very capable students.

£+ NAFGA2YyAa Ay NBallyasSa (2 (KSasS ljdzSadizya NS SOARSy
guestions would indicate strong agreement that inquiry does not take too much classroorotim@lement,
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 thosmhorts 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 cluteze responses disagree.

Pagellof 66
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0.6 . .
«— Cluster? Attitude to Inquiry
IOA
Cluster 1

Cluster 3

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 experiendearly 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).

| think inquiry takes up The use of inquiry is Inquiry based teaching is
too much classroom time appropriate to achieving only suitable for very
for me to implement the aims of the curriculum capable students
60% 60% 60%
N BE N BE mBE
50% 50% 50%
SE SE
30% 30% 30%
20% — | 20% 20%
10% 10% 10%
0% 0% 0%
SO D U A SA sb D U A SA sb D U A SA

Figure 5: Responses to questions relating toiitle 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 thdieaons 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

GASs 2F aOASYyOS Ay (GKSANI OtlFaaNRz2Yo® ¢tKS WARSItQ NBaL
statements:

1 I want my students to know about tHatest developments and applications of science and
engineering

| can easily relate scientific concepts in the curriculum to phenomena beyond the classroom
| often show students the relevance of science in indystry

My students understand the importana# science and technology for our society

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

=A =4 =4 =4

The MDS analysis (Figure 6) shows a cluster of countries approximately equidistant from the ideal (I, A, C, K, L
and M). Clugtr 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, &andJ isgenerally more uncertaimitheir responses to this set of
guestions than teachers in other cohorts who tend to agree withst of the statements.

Industrial Links

Cluster 3
Cluster 1 ideal

<>

Cluster 2

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

Within this section, the variations between the teacher colsarannot 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 ovef 8@

.9 GSIOKSNAR O0FYyYR om:r 2F (GKS +9 (SIFOKSNRO adrdAay3a GKI{
RSPSt2LIYSyda YR LILX AOFGA2ya 2F A0ASyOS FyR Sy3aaySSh
group indicate some difficulty in agparison to the VE group elating \Ecientific concepts in the curriculum

to phenomena beyond the classrodn 6 CA 3 dzNB 1 0 @
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| want my students to know
about the latest developments
and applications of science ang

engineering
60%
50%
240% B BE
SE
30%
B VE
20%
10%
0%

Ssb D u A SA

| can easily relate scientific
concepts in the curriculum to
phenomena beyond the
classroom
80%
70%
60%
50%
40%
30%
20%
10%
0%

Ssb D U A SA

| often show students the
relevance of science in

60%

50%

40%

30%

20%

10%

0%

industry

Ssb D U

A SA

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

70%

60%

50%

HBE
40%

30%

HVE
20%

10%

0%
Ssb D u A SA

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

60%

50%
40% | MBE
SE

30%
mVE

20%

10%

0%

sb D u A SA

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)
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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 throughj dzZSa G A2y Ay 33 Sy O02dzN} 3Ay3 IyR LINROoAYy3I addzRRSy
practices occurred at all in the classroom, three statements were analysed; specifically:

1 If a student investigation leads to an unexpected result | alaythe dudents the right
answer/result;

1 lam unsure how to ask students higher ordeegtions that promotes thinking;
1 I have sufficient knowledge of science to implement an inquiry lesson effectively

LT Iy WARSIF{Q GSIFOKSNI Aad Sy RSEdzNIQINSH LRW aSy lpdR OGS Ha
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).

0.4 Practice in the classroom

Figure 8: MDS diagram for Practice iretinquiry 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 eventhe closestlusterto the ideal, only cohorts L and M disagree with this statatne

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 resbilit are uncertain with regards to the other statemenfghis

statement may be interpreted ambiguoudlyd G2 GKS SYLKIaixa 2F GKS GSN¥Y Wit g
0SFOKSNJ YAIKG GStf GKS aiddzRSyid GKS WNRIKG | YyasSNRI 4K
explore their reasoning and investigate their answer further or if the statenmaptiés 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

guestion;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
teaclS NA Y2 NBtellthadi 82REYy GA WKS NAIKGI FyagSNkNBadzZ 6Q Ay +y |
K2¢ GBghérardergpSadAz2ya GKIFG LINPY2GSa GKAY1AYy3IQO® { LISOAFA
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If a student investigation I am unsure how to ask | have sufficient knowledge of
leads to an unexpected students higher order science to implement an
result | always tell the questions that promotes inquiry lesson effectively
students the right thinking
answer/result
50% 60%
70% mBE
mBE
240% 60% SE 50%
50% mVE 40% o
30% A0% mVE
30%
30%
20% 20%
20%
10% 10% | 10%
0% 0% 0%
SD D U A SA SOD D U A SA SO D U A SA

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

1.2.5 Personal skills in relation to inquiry
alye O0FNNASNER (2 GKS AYLX SYSyGlrdAz2y 2F AyljdzZANE KI @S 0
responsedo a number of these personal barriers are determined in this section, such as:

| find it difficult to manage a classroom where each student group is doing different activities

I am uncomfortable with teaching areas of scienlgattl have limited knowlegke of;

LT L R2yQlG 1y26 (GKS IyasSNa (2 aiGdzRSyida ljdSairzya
| am uncomfortable with asking questions, in my class, where | am unsure of the answer myself.

= =4 =4 =4

l'a GKSa$S 1jdzSaida 2y affidddy,ttherd iSredlly2ne & B 8 O K Sqhsli@etiis yha S

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

guestions. From the MDS, there is a spread of responses from the teacher cohorts, forming three loose cluster
areas (K 3dzNB mMn 0 @ [ 2dzy i NASa 6A0GK Y2NB .9 GSI OKSNA GSyRSIH
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Personal skills in relation

to inquiry
0.4
A Cluster 3
IUA Cluster 1

Cluster 2

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 (cl@steigure 10) with cohort C can be explained as

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

butk NE y 20 dzyO2YF2NIlFo6fS AF (GKSe& I NB dzydndvinén théyarel y a g S NJ
uncertain of answers, while theluster 2groupare more uncertainn their responses to these questions.

Analysis in further detail, based on the experience level of the teachers in each cohort, indicates that the VE
groupisclosei 2 G KS WARSIFfQ NBalLlRyasS ((KFy .9 2NJ {9 O2K2NIia ¢
the responses of the VE group are closer to the ideal for each question, there are a significant proportion of
NBalLl2yaSa FTdz2NIKSad T N&ErdomwResd ehctdstudéntyidp isHeing diffe@ity 3 | O
FOGADGAGASEQ A8 RAFFAOdzA G F2NI wm: 2F GKS +£9 3INRdzLI |
with teaching areas of science that they have limited knowledge of (45%VE and 60% BE)enadsty a

Wdzy O 2 Y FuatiNdSking duéstions, in my class, where | am unsure of the answer @yséifo "> . 9 F YR H A
VE) Selfperception as a teacher is also important but almost-fifte of the group have feelings of

inadequacy if they do not know ansvesto student questions (Figure 11 and in Table A1.5, Appendix 1).

t
Yy R
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| find it difficult to manage a
classroom where each student
group is doing different activities
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0% N BE

35% SE

30% VE

25%
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10%
5%
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SD D u A SA

60%

50%

40%

30%

20%

10%

0%
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HBE

SE

mVE

sb D u A SA

If I don’t know the answers to
students questions | feel
inadequate as a teacher

60%

mBE
50%

SE

40% mVE

30%

20%

10%

0%

SD D u A SA

50%
45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

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

EBE
SE

mVE

sb D u A SA

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 disatisagree, 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 sttdnvolvement in inquiry activities and how
much control students have within the inquiry activity.

These questions were from the PBguestionnairdCampbell, AbdHamid, & Chapman, 201ajhd are

grouped into 5 sections, based loosely on the main #ig#/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 samndrtbdn

averaged as beforeEighteen out of twenty of the items in this section are coded positively with 1
NBLINBaSYy(Ix§FaASKE f VR Gp NBLINBaSyldAy3d altyzad Ftoleade

Asking Research Questions
In this groupof statements(items 4750, Appendix 3, teachers werasked to indicatdiow often practices
relating to the use o$tudent 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
Studentsframing their own research questions are important

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

= =4 =4 =4

CKS WARSIt{Q NBalLkRyaS O2NNBalLRyRa (2 GSI OKSNBEhatNBE L2 NI Ay
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 analysigy(fFe 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 respémsikes other questions than any of the other
O2K2NIliad / 2K2NI 9 RAA&I INBSa Y auddts fiakhingthe awkeSadih ¢ A G K (1 K &
jdzSadAizya INB AYLRNIIYyGQ®

Asking Research Questions

S

0.25

GO

Figure 12: MDS diagram for frequency of students Asking Research Questisesl loa initial profile

There are statistically significant changes in the mean (basedilcoxan 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 Tabl&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 tematiew 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 andB®%axdhers.

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.

Students formulate questions which Student research questions are
can be answered by investigations used to determine the direction
and focus of the lab
50% 45%
5% HBE 20% HBE
40% SE— 359 SE
35% ] 30%
30% 25%
25%
20% 20%
15% 15%
10% 10%
5% 5%
0% 0%
AN SE SO O AA AN SE SO O AA

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

Students framing their own research
questions are important

40% 45%
W BE W BE

35% 40%
SE SE

30% 35%
HVE VE

25% 30%

25%

20%

20%

15% 15%

5% 5%

0% 0%
AN SE SO (0] AA AN SE SO (0] AA

Figure 13: Responses to questions relating to Asking Research Qusstiased 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
Thisgroupof statements(items 5154, Appendix 4 define how often teachers allotheir students to design
critique and justifytheir own investigation procedes, namely:

1 Students are given stejpy-step instructions before they conduct investigatipns

9 Students design their own procedures for investigations

1 Students engage in the criticadsessment of the procedures that are employed when they conduct
investigations

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

¢tKS WARSItQ OFLaS A& NBLINBaSyosbrRa@e REANBEYSKSEANKR G Y a 1k
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
200dzNJ waz2YSiAayYSaQo

Designing Investigations

0.5
<—>

10.25

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 | responded that their
students sometimes are\gen stepby-step instructions, sometimes design their own investigati@mgage in
the critical assessmenind justify appropriateness of the procedure employed. Cohort C often provides
students with stepby-step instructions, students seldom determinesthown 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 badeon ManrWhitney Analysis. BE teachers more frequently give studentststegpep
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 almostagk 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 ofteachers allovtheir students to desigrcritique and justifytheir

own investigation procedws by teacher experience level.
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Students are given step-by-step
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45%

0% N BE

35% SE

30% B VE

25%
20%
15%
10%
5%
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Students engage in the critical
assessment of the procedures that are
employed when they conduct

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

50% investigations 20%
mBE mBE
40% SE— 30% SE
a
35% WVE B VE
30% 25%
25% 20%
20% 15%
15%
10% 10%
a
0% 0%
AN SE SO 0 AA AN SE SO 0 AA

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,, aterost always)

Conducting Investigations
This groupf statements(items 5558, Appendix 4 determine how oftenstudentsparticipate in the
conducton oftheir own investigationsas follows:

Students conduct their own procedures of an invesdign;
Theinvestigation is conducted by the teacher in front of the class
Students actively participate in investigations as they are condycted
Each student has a role as investigations are conducted

= =4 =4 =4

Responses were rated from 1 %o with 5 representingtudentLJr NI A OA LI G A2y WI f Y2ali
second statement was coded in reverse). Tian of the overall groupras 3.22uggestinghat teachersat

f SIFad Wwabkowdhesd prasti@eQ to occur in their classroonTdiree separate clusters wereitified

by MDS analysis (Figure 16).
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Conducting Investigations

0.5
<>

$0.5

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
teacherexperience 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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students conduct their own The investigation is conducted by the
procedures of an investigation teacher in front of the class
45% 45%
40% WBE 10%
35% SE_ I35%
30% BVE - [30%
25% 25%
20% 20%
15% 15%
10% 10%
5% 5%
0% 0%
AN SE SO 0O AA AN SE SO 0 AA
Students actively participate in Each student has a role as
investigations as they are conducted investigations are conducted
60% 45%
mBE 40% mBE
50%
SE 35% —I0SE
40% _. VI: 30% _. ‘U’E
25%
30%
20%
20% 15%
10%
10%
5%
0% 0%
AN SE SO 0 AA AN SE SO 0 AA

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 kay 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 statefitems5962,

Appendix 4determines the frequency that students are allowed to raakese decisions. Responses were

rated from 1to5, withp AYRAOF GAyYy 3 (GKIFG A0G§dzRSyGa K @Se D@4 i NBKS 2%WS |
Bl £dzS 200G AySR A& odnn &adA3SadAy3d GKFG addzRSyda | NB =
namely

Students detemine 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 amstigation

= =4 =4 =4
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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 hy 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.

@ Collecting Data
Ideal

0.5

<—>
$0.5

Figure 18: MDS diagram for frequency of students Collecting Data baseditial 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 dhe 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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Students detemine which data to Students take detailed notes during
collect each investigation along with other
data theycollect
A0% 45%
H BE H BE
35% 40%
SE SE
30% 35%
B VE
25% 30%
25%
20%
20%
15% 15%
5% 5%
0% 0%
AN  SE SO 0] AA AN  SE SO 0] AA
Students understand why the data they Students decide when data should
are collecting is important be collected in an investigation
60% 50%
H BE 5% mBE
40% | MVE 35% mVE
30%
30% 25%
20%
20% 15%
10% 10%
5%
0% 0%
AN SE SO 0] AA AN  SE SO 0] AA

Figurel9: Responses to questns relating to @llecting Data based on individual teacher experience in IBSE (AN, SE, SO,
O, AA abbreviate for almost never, seldom, sometimes, often, almdstays)

Drawing Conclusions
Within this groupof statements(items 6366, Appendix 4, teacherswere asked to indicateow often their
students draw conclusiongterpret evidence, use scientific knowledge gustify conclusions, by themselves,
after conducting investigation®esponses were rated from5l with 5 suggeshgthat the teachers statd
GKFG GKSANI AaddzZRSy (a I anddst dAwagXbie MEaR scare/veadi 2R, Svhich sugdesish OA G A S a
that thesepractices occur?a 2 YSGAYSEAQ (2 W2FGSyQ gAGKAY GKSANI Of I aanN
1 Students develop their own conclusions for investigatjons
1 Studentsconsider a variety of ways of interpretingigence when making conclusions;
9 Students connect conclusions to scientific knowledge
91 Students justify their conclusions

MDS analysis (Figure 20) identifies four clusters.
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The cluster containing |, Land K isselst 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 sometimgaged 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. Theesignificant 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 wapsiect conclusions to their
scientific knowledge and justify their conclusions.

0 Draw conclusions

.5
<>
$ 0.25
Ide

Figure 20: MDS diagram for frequency of students Drawing Conclusions based on initial profile
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Students develop their own Students consider a variety of ways of
conclusions for investigations interpreting evidence when making
conclusions
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Students connect conclusions to Students justify their conclusions

scientific knowledge
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Figure21: Responses to questions relating Rrawing Conclusionsasedon individual teacher experience in IBSE (AN,
SE, SO, O, AA abbreviate for almost never, seldom, sometimes, often, almost always)

1.3 Conclusion

¢SFOKSNEQ dzy RSNEGIYRAY3I 2F AYIldzANR gFa aidNRy3Ifte AyTFfEo
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 apresmires

and lack of suitability for all studeabilities, 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 ovesf88&BE teachers (and 94% of

GKS +9 (SIFOKSNRO adGlriAay3d ddKFG GKSe gFyild GKSAN WaiddzRSy
F LILX AOFGA2ya 2F &a0ASyOS IyR SyaaySSNAy3IQo

There are large differences seen with classroom practice; BE teachers are mbre litedl tRe gdtlents the

NAIKG FyagSNkNBadzZ 6Q Ay Iy Ay JSalighe drdengesfions thaR | NB Y 2 NE
LINEY23GSa GKAYlAy3aQo® alylF3Ay3a  OtlFaaNB2yY gKSNB
24% ofthe VE group and up to 46% of the BE group. While many feel uncomfortable with teaching areas of
a0ASYyOS (KK GKS& KIFI@S ftAYAGSR 1y2sf SR Switteasking n p:’
questions, in my class, where | am unsure of thenmmamysel? 6 o z2 . 9 . Seifprceptimizas & 9 0
teacher is also important but almost ofiéth 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 ageraesponse implies that studeraemetimes
determine the research question, design investigations, conduct investigations, decide which data to collect
YR RNI}¢g O2yOfdzaAzyad ¢KAa YIFe& &ada3asSad GKF dendKS G&LIS
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SECTION2 Change in profile after Teacher Education
Programme

In this section, the change in the teacher profiliter teachers attended the TEP are discussed. Note, in some
instances the MDS graph already shown in Section 1 differs from that iioi$8cis 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
guestionnaires, is noted iable 1.The change in profile, as determined from MDS analysis, is shown under

each attribute heading per teacher cohort. Témmponent 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 hbatlang included in

Appendix 2.

The MDSlata analysis showtke change in the averagesponsefor each cohorfrom the initial

guestionnaire, at thdeginning oteacher education programméo the final questionnaire, completedfter

the programme The notation used in the MDS plotstisat the asterisk shows the response after the teacher

SRdzOI GA2Yy LINRPINFYYS® Ly |ft OF&asSas (KS WARSIfQ Aa RSH

2.1 Understanding of inquiry

Overview

¢SFOKSNEQ 2@0SNIff dzy Rifin@friorh tifelR fespansed ® quesfidnsiaskim® theindo raReS G S NJ
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 eanthafteacher

education programme is shown in Figure 22.

Understanding of Inquiry

0.4
-«—>
Io.z
ideg
Cluster 4
Cluster 1
Cluster 3

Cluster 2

Figure 22: MDS of Understanding of Inquiry, based on matched pairs, per cohort (* denotes responses after teacher
education programme)
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Fourdistinct clusters can be seen in the M@®jure 22)cluster 3 depict responses that are uncertain or
disagree with the three statementa the questionnaire (see Section 1.2.&luster 2 depicts responses in the
disagree categor{closer to the ideaj)while cluster 1 is very close to ideal resparstengly disagreeing with
all statements One cbort (E) is furthest from the cluster as they indicate that they do not understaquiry,
and while they do understand the role of the teachiigy are uncertain as to the role of the student in the
inquiry classroom.

In all cases, thaveraged response from each cohort has shifedaiser to the idealafter the teacher
education programmewith the exception ofcohort E

Largeshiftsafter the teacher education programnere evident irmost cohorts buparticularly A, B, C, D and
F. The @ohort isnear the idealnitially and remains there after the TERs a ¢tal cohort, the teachers have
shiftedtowards a greater understanding of inquiry aaldo an increased understandingtbé 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 (basean Wilcoxan Signed Rank Tdst)many cohorts, showing thaeaches uncerstanding has

increased (shiftedowards the deal) (see Table A2id Appendix2 for details). Specifically,

9 increased uderstanding of IBS&by cohorts A, B, C and I;
91 increased understanding of role of teachierthe inquiry classroom by cohortsA, B, C, D and F;
1 increased understanding of roté studentin the inquiry classroomby 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 studenn 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 2s theteacher groups in most cohortsave different commations 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 B fgoa across all the cohorts amounts to

162 teachers. The MDS plot afheir profileat the beginningand after TERs shown irfFigure23. This graph is
RAFTFAOdAzA G G2 AYGSNIINBG a GKSNB INB Ylyeée AYRAGARdZ f &
responses on the questionnaire . Frohetarrangement of thelata points, it is clear that there is less

variation in theW | ¥ (i Siatd. Theref@e, the change that has occurvegls examinedn the following way.

As the responses to the questionnaires were categorical (i.e. resporsesch point on the MDS denotes a
particular combinatiorof answers. As shown on Figure 2Risters 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 followWd: (i NB y 3 Sidedk@mdute diffeketidé

from ideal position less than or equal to 1, e.g. coded responses such as (1,1,1), (1,2, 1)r4¥2,1ANBES 6 A (K
ideaKYabsolute difference fronideal position between 2 and 3, e.g. coded responses such as (2,2,1);( 3,1,1);
(2,2,2)) WUncertairtabsolute difference from ideal position between 4 and@jsagreeing with RS I f Q

(absolute difference from ideal position between 7 and&)d$trong disagreement with ide@(absolute

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

in both the initialand finalsurveys. Clearly,ltere is a large shifowards the ideal by the BE grouptefchers.

A similar trend can be saeawith the SE group of teachetsut the change is not anarked as the cohort is

closer to the ideal anywafgsee Figure A2.1, Appendix 2)
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Key conclusion

Almost all cohorts have increased their understanding of ingaird 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.

Understanding of Inquiry Before TEP
Disagrees with ideal Uncertain
Agrees
Strongly X with ideal Strongly
disagrees >><< X agree with
ol X | l
with idealy, X [ ] ideal
X ¢
0.4 )4 il u
L 2 X X L 2
0.8 X P g
X [ |
X
Understanding of Inquiry After TEP
Uncertain
50-4 ; Disagrees with ideal Strongly agree
X with-ideal
$0.8 X . |
X *
L 4 [ |
X u PN
Strongly disagrees m B '
with ideal
Agrees with
ideal

Figure 23: MDS dE group Understanding of Inquiry, before and after the teacher education programme
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BE cohort SE Cohort
oo = UOl Init. > ® UOI Init.
0% Uol Fin. 50% UOIFin.
40% 40%
30% 30% ——
20% 20% -
SA* A* u* D* SD* SAF A* U* D* SD*

Figure 24: Proportion of teachers within cluster groups initially and finally (a) BE cohort, (b) SE cohort (UOI Init =
Understanding of Inquiry from initial questionaire, UOI Fin = Understanding of Inquiry from final questionnaif@8p*,
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:

1 Ithink inquiry takes up too much classroom time for me to implement
1 The use of inquiry is appropriate to aehing the aims of the curriculum
1 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
H FNB Y2NB Wdzy OS NIrll arg @ndiggikriore ®waid& tRediddal responsef dza G S

The change in responses by each cohort after the teacher education programme is sh&ganer25. While

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

extent, H and I. Two cohorts (E and F) are external to cluster 1 and 2 initially, due mainly to stronger
FINBSYSyid GKIFIG WAYIldzZANE (1 1S& dzLJ 22 Ofl aaNe2y GAYS
suitable for the very capable studentQ ® / 2K2NI 9 3INBS Y2NB aidNRy3Ite |Fi
dzLJ 422 OflFaaNB2yY GAYS G2 AYLX SYSyiliQo

l.j
€
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Attitude to Inquiry

Cluster 1

Cluster 3

Cluster 2

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

Component Questions

Statisticallysignificantchanges (p<0.05) in thmean 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 inghevel of agreement to particular statements:

1 Inquiry takes up too much classroom time for me to implemeshifts by cohorts B and C from
uncertain to disagree;

1 Use of inquiry is appropriate to achieving the aims of the curricukghifts by cohort8, C and E
from uncertain to positive agreement;

1 Inquiry based teaching is only suitable for the very capable studestt from uncertain to
disagree by cohorts A, B, E and F while cohorts C and D shifted towards stronger disagreement.

Together this dta 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

Significandifferences (p<0.05) carelseen for the mean responses in this section by the BE cohort compared
to the SE and VE groupeé 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.te#penses 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 Appendi® 2nd the number of teachers within each category was compared, before
and afte the teacher education programme. The percentage of teachers in each of the categories both
before and after the teacher education programme is showhigure26, for both the BE cohort and the SE
cohort.
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BE Cohort SE Cohort
70% . 70%
ATI Init. i

60% n_l 0% H ATl Init.

= ATI Fin. ° = ATIFin
50% 50%
40% 20%
30% 30% -
20% 20% -
10% 10% -
0% 0% T

SA* A* u* D* SD* SA* A* u* D* SD*

Figure 26: Numbers of teachers in eachegory, before and after the teacher educatiqggrogramme 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 tvideal, 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 paatigutthe effect seems to be
more significant on the BE cohort.
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2.3 Industrial Link s

Overview
All data relating to responses for statements relating to industrial ling&re and after the TEP, have been
analysed by MDS. Statement analysed ingbidion were:

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

| can easily relate scientific concepts in the curriculum to phenomena beyond the classroom
| often show students the relevance of sciemeéndustry,

My students understand the importance of science and technology for our spciety

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

=A =4 =4 =

MDS analysis data is plotted in Figure 27. Two cohorts do not shift sigtiifiafter 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 convergenaéter the TERvith B and C moving into the cluste€Cohort C, after the TEP, agree

OKFG GBISa8A08 yNBI I GS a0ASYGAFAO 02y O0SLIia Ay GKS OdzNNARC
i K Studehts¥inderstand the importance of science and technology forourséridty ¢ KA & Aa Ay O2y
cohort B, who after the TEP, are reauncertainii 2 W2 FiSy &dK2¢ ad0dzRSyda GKS NBfSQ
and havestudentsg K 2ind&¢stand the importance of science and technology for our soQigby

ICK

Figure 27MDS diagram for Change in Industrial Links as shown by matched pairgqantry (* denotes responses
after teacher education programme)

Component Questions
Few statisticallgignificant (p<0.05) questiort®ntribute to this section. Responses differed significantly for
the following statements after the TEP:

1 I want my studend to know about the latest developments and applications of science and
engineering; cohort C shift to more strong agreement;

1 I can easily relate scientific concepts in the curriculum to phenomena beyond the classicmirort
C shift to more strong agreeent;
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1 | often show students the relevance of science in indusshift from uncertain to agree by cohort F;
shift by cohort C to less strongly agree with this statement;

1 My students understand the importance of science and technology for our sag@tgyort C shift
from uncertain to agree, butohort B shifts fronstrongly agreeto agree while cohorD shift to
slightly less agreement;

1 If I had more information about industrial processes, | would use it in my teagliaort 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 BES&ncbhorts 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 tHeoBEtlere 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.

BE cohort - Industrial Links SE Cohort - Industrial Links
70%
m Ind. Links Init. 70% . .
60% 0% B Ind. Links Init.
Ind. Links Fin. 0 Ind. Links Fin.
50% 50%
40% 0%
30% +——— I —— 30%
20% +——— — | 20% - |
10% 1 | 20 -
0% ‘J T T T T -_| 0% ‘J T T T T .—\
SA* A* u* D* SD* SA* A* u* D* SD*

Figure 28: Numbers of teachers in each categdgfore and after TERor BE and SE cohor{gdustrial 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 shiftsvere 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 t@siiic aspects of inquiry teaching, before and after the TEP, was
analysed by MDS:

1 If a student investigation leads to an unexpected result | alwelythe gudents the right
answer/result;

1 I am unsure how to ask students higher ordeegtions that pomotes thinking;

1 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
gAGK GKS IfasuedénSingéiation I¢ads to an unexpected result | alwésisthe sudents the right
FyagSNkNBadzZ 6QF 6KAES (GKS O2K2NIia Ay GKS YIFAy Of dza

After the TEP, there are several small shifts by cohorts B, I, A and G. However, there is atangmkort H

away from the ideal responseR dzS Y I Ay f & fedinglconfdé&ntabdut aFkiN@highekbrder
jdzSadAz2yaQ G2 WFSStAy3a GKFG GdKS&@ R2 y2i KF@S GKS |
from agreeing that thg had sufficienknowledge of science to implement an inquiry lesson effectitely

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

they would always tell the student the correct ansvifea sudent investigation leadb an unexpected result

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

inquiry lesson effectively

Figure 29MDS diagram for Change in Practice in the Inquiry Classr@s 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@ several significant shifts (see Table A2.4 in Appendix 2), as follows, given for
each statement:

Page38 of 66
WP4 Deliverable 4.5

(et

(@]

At








































































