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Executive Summary

Background

The project mascil aims to promote a widespread use of inquiry-based learning (IBL) in
mathematics and science education. Furthermore, the project focuses on connecting
inquiry based learning in school with the world of work (WoW). Work Package 10 (WP10)
is responsible for the realization of an evaluation within the project mascil. In this context
WP 10 is responsible to carry out a quantitative status-quo study, a qualitative evaluation
during the process of implementation and a quantitative pre-post study. This document
reports on the outcomes of the first task carried out within WP10.

Aims and purpose

The aim of this report is to represent the results of our status-quo study. This status-quo
study was conducted to get information about the needs teachers have regarding the
implementation of inquiry-based learning in rich vocational contexts. The study
investigated the current status of IBL and WoW in the different teaching cultures and
collected information about existing challenges. In doing so, we aimed to identify
differences and similarities between the different teaching cultures and between the
subjects and to ascertain factors supporting and hindering the implementation of IBL.
Method

To achieve the purpose of the status-quo-study, we designed in close cooperation with
the consortium a t eac hfgetedperspectve df ananquiryebasede . A n
teaching and Il earning culture (mascil dés fram
guestionnaire addr esses t e atprhctce ®latingvta IBLvasd, b el i
the WoW. All countries of the consortium took part in the status quo study. The following
findings are based on the answers of 1132 teachers.

Results

The study showed an overall positive orientation towards IBL and towards the WoW in all
mascil countries but also significant country-depended differences. Nevertheless, neither
IBL nor WoW has found its way into daily practice. In most countries a certain basic level
is visible but there is ample space for further development of the existing approaches.
The implementation of IBL and of the WoW depends significantly on the country but also
on the subject in question. Interestingly, in all countries the political context is not
perceived to be supportive for the implementation of IBL. Therefore, systemic restrictions
were identified as one factor hindering the implementation of IBL and WoW. In addition,
the factors classroom management and resources were also identified. All three factors,
classroom management (cla), resources (res) and system restrictions (syr) differed
significantly across the thirteen countries. The analysis of the data indicated that problems
related to classroom management, resources and systemic issues predict the use of IBL
and the WoW in daily classroom practice, but system restrictions have the greatest
impact. On the other hand, classroom management has proven to be the best predictor
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for a positive orientation towards IBL. The less teachers report classroom management
related problems the more they are willing to implement IBL. Furthermore, the analysis of
the data indicated a strong significant correlation between IBL and WoW in the domains
use, orientation and problems.

Conclusion and Recommendations

All over Europe, there are teachers who are keen to implement IBL and the WoW into
their daily teaching practice. In most countries of the consortium, there are teachers who
have had least initial experience with IBL and the WoW. This provides an excellent base
for the implementation of a more student pedagogy and a meaningful context as intended
by mascil. The significant correlation between IBL and WoW in the domains use,
orientation and problems indicate that it is reasonable to pursue the objective to
implement IBL and the WoW simultaneously.

However, in all countries teachers experience the educational system as a hindrance for
implementing IBL and also the WoW. It will be important that the political documents
which support the implementation reach the schools and finally the teachers. Making
teachers experience a supportive educational system will support the widespread use of
IBL and the WoW in daily teaching practice. In some cases cooperation with the local
school authorities could be useful.

The analysis revealed a significant influence of the country and also of the subject in
question on the status of IBL. It is important for the mascil project to act adequately to the
existing high variability. Therefore, it is essential that all members of the consortium had
the possibility to contribute to the mascil professional development framework and also
to the material collection. The consortium needs the freedom to adapt material to their
specific needs. With adequate measures of diversity management, the mascil project
should profit from the variety and use the enormous pedagogical potentials of different
approaches to implement a rich and multi-faceted culture of IBL connected to the context
of the WoW across Europe.
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1. Main report

The aim of the project mascil is to promote a widespread use of inquiry-based learning
(IBL) in mathematics and science education. Additionally, mascil intends to establish a
connection between mathematics and science education and the world of work (WoW).
The aim of WP10 is to conduct and to coordinate an evaluation within the project. A first
element of the pr o] ewluafion concept is to conduct a status-quo survey on the
beliefs and experiences of teachers throughout Europe have regarding the
implementation of inquiry-based learning, especially with a focus on rich vocational
contexts. The evidence we get from this study will be used by all the countries involved
to make adjustments, modifications and revisions when planning their professional
development courses. In this report we present the main results of our status quo study.

1.1 Inquiry-based learning and the word of work

Engaging students in inquiry-based learning (IBL) is nowadays regarded as a means of
improving education especially science and mathematics education on a global level
(Abd-el-Khalick et al. 2004). In the European context, reports by expert groups have
expressed consensus that the uptake of science and technology related studies and
professions by young people is not sufficient to keep up the pace of innovation and to
react adequately to the economical, ecological and social challenges of a rapidly
changing world. They assert the necessity of a renewed pedagogy in school that
transforms the traditional (mainly deductive) teaching styles towards more appealing and
cognitively activating forms of learning. Inquiry based education is identified as the
met hod of choice to increase stude(@orisr@andi nt er
Garcia 2013; Gago 2004; Kikis-Papadakis 2013; Osborne and Dillon 2008; Rocard et al.
2007). As a consequence, a variety of new educational programs and projects to improve
the quality of science and mathematics education were created on a regional, national
and international level. Many of those focus on fostering inquiry based approaches in
mathematics and science education.

Even though inquiry-based learning (IBL) is widely accepted as a means of improving
education there is still no common understanding of IBL (2013). Artigue and Blomhoej
(PRIMAS 2010) analyse the concept of inquiry-based mathematics education (IBME) in
relation to well-established theoretical frameworks in mathematics education and
c o n c | uhkm is fio.doubt that IBME is likely to take a diversity of forms, according to
the institutional conditions and constraints where it develops ( p. 809 ) 0.

Based on the work done in the project PRIMAS (funded by the European Union
Seventh Framework Programme (FP7/2007-2013) under grant agreement n°
244380) the following definition is used within the project Mascil:
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i | n q-basedylearning aims to develop the inquiring minds and attitudes that are
required to cope with an uncertain future. Fundamentally, IBL is based on students
adopting an active, questioning approach. Students inquire and pose questions,
explore and evaluate, and the problems they address are relevant to them. Learning
is driven by open questions and multiple solution strategies. Teachers are proactive,
supporting struggling students and extending those that are succeeding through the

use of carefully chosen strategic questions.
including their mistakes, and scaffold learning using student s 0 reasoning an
experience. I n the classroom there is a shared

These aspects are summarized in the mascil framework. In addition this framework also
includes the world of work context. Resources for teaching and learning can refer to the
world of work by using a specific workplace context or by giving students a task or role
that reflects a workplace practice. The level of including the world of work can vary from
an activity in a workplace to solving a textbook problem in school.

Figurel: mascil framework

_— Valued outcomes - /-"""’Wﬁ;t— studt;ngab""\\

- — Inquiring minds / — Inquire, pose questions
/ — Applying science in real life — Explore problems, engage in solving them, \
~ Preparing for active citizenship and { use their knowledge to find solutions x
( lifelong learning \ ~ Explain situations and phenomena )
— Understanding the nature of science \ — Reflect on the results and processes
— Understanding how mathematicsand : ~ Design own sense-making
3 —\Explore the World of Work
e
_— Teacher guidance ~— Classroom culture
/ ~Values and builds upon pupils’ ~ Shared sense of purpose/justification
# reasoning and reflections /[ — Value mistakes, contributions (open-minded) \
[, — Connects to pupils’ experience | ,/ — Dialogic \
\ ~ Motivate students by connecting / ~ Shared ownership '
\\ school and work / — Collaborative
\ >

~ WorldofWork

~ The context of the task relates to the WoW
— Students have to take a professional role

Type of questions

— Open, multiple solution strategies

~ Experienced as real and/or
scientifically relevant

— Are purposeful and ask for products that
illustrate utility of mathematics and science
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1.2 Research question

The aim of the status-quo study is to gain insight into teaching and learning with a focus

on inquiry based | earning (1 BL) and the 1 mpl
situation in the thirteen countries involved in the project. This information will be useful

when designing and adapting the continuous professional development programmes and

will help to identify country-specific needs.

We want to answer from the perspective of the teachers in the different European

countries of the consortium following research questions:

1 How is the political context for implementing IBL perceived by the teachers in the
different countries?

1 What is the status of IBL? What is the effect of the country /cultural background
and of the subject on the status of IBL?

1 What is the status of WoW? What is the effect of the country /cultural background
and of the subject on the status of WoW?

1 What factors are seen as a hindrance for the implementation of IBL and how are
these factors related to the use and to the orientation towards IBL?

1 What factors are seen as a hindrance for the implementation of WoW and how are
these factors related to the use and to the orientation towards WoW?

1.3 Instrument

For the purpose of the status-quo study, a teacher questionnaire has been designed (4.1).
On the basis of the PISA study four-point Likert-type items were used whenever suitable.
These items do not allow subjects to opt for a neutral response. Based on the PISA study,
the applied categories of the four-point scales reflect frequencies or agreement (never or
hardly ever, in some lessons, in most lessons, in almost all lessons and strongly disagree,
disagree, agree, strongly agree). Due to time management, complexity and possible
translation problems, the questionnaire includes no open questions.

In the first section of the questionnaire background information about the individual
teacher is collected. Probably the most important variable in the context of the European
project mascil is the country. Being seen as relevant and easy to access, data were
coll ected on the teachersé gender and age, t
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also their experience with the world of work, the discipline and the age group taught.
These individual characteristic personal data are used as independent variables.

Il n the next section we coll ect information a
to implementing inquiry based learning and making connections to the world of work.

Teachers are asked about difficulties they have when implementing IBL and when making
connections to the world of work. Furthermore, teachers are asked if students benefit

from implementing IBL and from making connections to the WoW. Finally, teachers are

asked about their actual use of IBL and WOW as well as their orientation towards both.

In the concluding section teachers are asked to describe their current teaching practice
in relation to IBL and WOW with a focus on a specific subject and a specific age group.

1.4 Method

The questionnaire has been translated by members of the mascil consortium. Austria and
Germany and also Greece and Cyprus used the same versions. Members of the mascil
consortium in all participating countries asked teachers to complete the questionnaires.
Because the aim of mascil is to improve mathematics and science education only
teachers teaching mathematics, physics, biology, chemistry, engineering, natural
science, geography, technology and/or information technology were invited to take part
in the survey. The participating teachers in each country are not randomized; therefore,
the sample is not representative for the whole country. We assume that the sample is
representative for the teacher who will be involved in the teacher professionalization
offered by the project. In most cases the members of the consortium contacted secondary
schools in their area. For example, in Germany, only teachers from the area around
Freiburg, Baden-Wlrttemberg took part in the survey. Therefore, the sample consists of
secondary teachers representing a specific region of each country.

1.5 Sample

Teachers of all thirteen countries of the consortium took part in the survey. Altogether,
the teacher status-quo questionnaire was filled out by 1132 teachers. The number of
teachers varied between 50 (.04, Netherlands) and 231 (.20, Greece) between the
countries. Altogether, the portion of male teachers was .38 and therefore the portion of
female teachers was .62. Furthermore, the proportion of male and female teachers varied
significantly between the countries. For example, in Bulgaria only .16 of the sample was
male while in Germany, Greece and the UK more than half of the teachers were male
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(Table 1).! The sample covered a huge age spectrum. There were very young teachers
(22 years) and also quite elderly teachers (76 years) (Figure 2). About one third of the
teachers in this survey were between 40 and 50 years old having about an equal number
of teachers being younger and older. The average age of the teachers was highest in
Bulgaria and Lithuania (49; 48), whereas in Romania the teachers in the sample had an

average age of 34.

Tablel

Overview of the sample of the mascil stattggio study

Country N (portion) ITO%T[%I;} Avgga:ege
Austria 72 (.06) .53 38
Bulgaria 52 (.05) .84 49
Cyprus 156 (.14) 73 42
Czech Republic 72 (.06) .69 44
Germany 52 (.05) A4 42
Greece 231 (.20) 44 47
Lithuania 122 (.12) .86 48
Netherlands 50 (.04) .49 44
Norway 58 (.05) .52 42
Romania 69 (.06) .78 34
Spain 76 (.07) .55 44
Turkey 69 (.06) 71 40
UK 53 (.05) 45 37
All 1132 Q) .62 43

1 This implies that in some countries teaching is probably - even in science and mathematics i more a
female domain. There seems to be a correlation with salary. In each of the countries Germany, Austria,
Norway, the Netherlands, UK and Spain we have around 0.5 female and male teachers. In these countries

theteacher s i ncome

i s

comparably

hi gh

. On

the ot he

female ones in Romania, Cyprus, Lithuania, the Czech Republic and Bulgaria. In these countries the

t eacher s Gonpadtively lgw. i s
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Figure2: Agedistribution of the sample
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As the aim of mascil is to improve science and mathematics education the survey only
included teachers teaching mathematics, physics, biology, chemistry, natural science,
geography, technology or information technology. More than half of the sample was
teaching mathematics while the other relevant subjects were only taught by not more than
20% of the sample. Again, significant differences between the countries existed. In the
Czech Republic, Turkey, Cyprus, Lithuania and the Netherlands more than half of the
sample was not teaching mathematics and in Norway, the UK and Romania more than
80% were teaching mathematics.

Nearly 30% of the sample had more than 20 years work experience. Additionaly, more
than 3% of the teachers had already been working as a teacher for 11 to 20 years. Just
9% of the respondent teachers are novices, who have only been working up to two years
as a teacher (Figure 5).

The teachers in this survey were trained for a different level of education. Accordingly to
the sample, 17% teach primary education (solely 12%). Lower secondary level and upper
secondary level are taught by 60% and 65% of the teachers. Most lower secondary level
teachers also teach upper secondary level (41% of the respondent teachers). Vocational
education is taught by 16% of the sample.

Furthermore, 40% of the sample worked in another capacity before being a teacher.
Almost 15% of the teachers had more than five years out-of-school working experience.
These teachers worked in a wide variety of jobs such as bankers, center managers,
farmers, nurses, etc. In most cases there was no obvious connection between the former
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job and the actual job of being a teacher. Again, significant differences between the
samples from the different countries were visible. In Cyprus, the Netherlands and the UK,
more than half of the teachers had outside school work experience, whereas in Bulgaria,
Germany, Lithuania, Romania and Turkey this was the case for less than .30 (Figure 6).

Figure3: Subjects taught by the teachers in the sample of the statjuo study.
Subjects being taught
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mathematcis  physics biology chemistry natural geography information
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Figure4: Portion of teachers teaching mathematics depending on the country
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Figureb
Teaching experience of the teachers
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Figure6
Portion of teachers having work experience outside school for the different countries of the consortium
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1.6 Results

In the following section we report the analysis of the status-quo data with respect to the
research questions stated in 1.2.
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1.6.1 Policy context

In collaboration with WP2 we included five items to gain insight into teachersdperspective
on the political context for implementing IBL (Table 2).

Table2
Items onii S| O geScbidioh of the poicy context.

12a Policy making prioritises IBL approaches in my country.

12b  National curricula prioritize IBL approaches, in general and in specific in science and
mathematics subjects in my country.

12c There are curriculum support materials and certain topics in science and mathematics
education that supports IBL approaches.

12d My school implements policy priorities in relation to IBL approaches.

12e Assessment of students draws on and is based on notions of IBL (i.e. IBL skills/ competences
are assessed).

A Latent Class Analysis (LCA) using the program Mplus (Vermunt and Magidson 2002)
was conducted with these five variables to get a more precise picture of the teachersé
perception of the policy context. | n an LCA fAobjects are assumec
set of K latent classes, with the number of classes and their sizes not known a priori. In
addition, objects belonging to the same class are similar with respect to the observed
v ar i dGeises 2011, p. 270). Therefore, an LCA identifies unobservable subgroups
within a population. Here an LCA was used to cluster the teachers according to their
perception of the policy context for implementing IBL. A three-class model was identified
to be most appropriate using the information criteria BIC, the Vuong-Lo-Mendell-Rubin-
Test and considering that the number of classes should be as small as possible.
Consequently, three teacher profiles have been identified on the basis of the LCA (Figure
7).
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Figure7: 3-class solution of LCA: profiles of the policy contékt strongly disagree, 2: disagree, 3: agree, 4: strongly: agree)
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A total of 16.7% of the teachers belong to class 1. The mean of all five items in question
is smaller than 2 in this class. These teachers are not aware of any systemic support for
implementing IBL. More than 50% of the teachers belong to class 2. The mean of the
items is between 2.0 and 2.6 for class 2. This indicates that the teachers only see marginal
political support for implementing IBL. A total of 29.1% of the teachers belong to class 3.
These teachers were aware of political support for implementing IBL. The mean of the
five policy context items is higher than 2.6 in this class. Analysing the distribution of the
teachers to these three classes depending to the country revealed an interesting picture.
In some countries the policy context is judged as being the same by all teachers. In other
countries there was a high variety within the country (Figure 8). In Romania over 90% of
the teachers belong to class 1. Hardly any systemic support for implementing IBL is
perceived by these teachers. In Austria, Cyprus and Germany more than half of the
sample belong to class 1 being aware of systemic support for implementing IBL. In some
of the countries especially in Turkey a considerable number of teachers belong to class
1 and also to class 3. This indicates that the policy context is perceived differently by the
teachers within one country. It requires further research to explain these findings.
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Figure8: Percentage of teachers belonging to the different classes of thea®s solution analysing the political context for the
thirteen countries of the mascil consortium.
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Our results support the following finding of WP2:

fEducational reforms across the countries currently seem to remain at the level
of policy rhetoric and have not yet been introduced across the meso-level
relating to schools and teachers i not to mention the micro level of actual
implementation in classrooms. The need for policy making to build bridges
between what is envisioned in general and how it can be implemented in
practice becomes apparent.0(Kikis-Papadakis 2014, p. 6)

Every effort to implement IBL in daily teaching practice has to be aware of the policy
context and also of the way this context is perceived by the teachers.

1.6.2 Use and of perception of IBL

The use of IBL in daily teaching practice (IBL) and the orientation towards IBL (BIBL)
were each captured with a small scale. Table 4 and Table 3 show the items used. The
scales are documented in appendix 4.2. Table 5 and Figure 9 illustrate that in all
participating countries IBL is only used on a rudimentary level. Furthermore, a positive
orientation towards IBL is evident. While the use of IBL depends on the teaching culture
and also on the subject in question, the orientation towards IBL depends solely on the
country.

The project mascil has received funding from the European Union

Seventh Framework Programme (FP713@2017 under grant agreement n° 320693.

- SEVENTH FRAMEWORK
PROGRAMME




v
@

Two-factor-ANOVA showed a significant main effect of the country on the use of IBL,
F(12,1082)=13.16, p<.001. Tamhane-T2 post hoc test revealed that teachers in Romania
report using IBL significantly less than teachers in all other countries. On the other hand
teachers in Cyprus and Turkey reported a significantly higher use than the teachers in all
other countries except Bulgaria. Besides the country the main effect of the subject in
guestion on using IBL was also significant, F(1,1082)=12.08, p=.001. Science teachers
reported using more IBL in daily teaching practice than their colleagues from
mathematics. Additionally, there was a significant interaction between the country and
the subject on the use of IBL, F(12,1082)=2.16, p=.012. This effect indicated that subject
specific characteristics were significantly influenced by the country specific teaching
traditions.

All over Europe there is a positive orientation towards IBL. Two-factor ANOVA showed a
significant main effect of country on the orientation towards IBL. Neither the main effect
of the subject nor the interaction effect between the country and the subject were
significant. Therefore, an analysis of variance was conducted. It indicated a small
significant effect of the country on the orientation towards IBL, F(12,1116)=6.16, p<.001,
w=.23. Post hoc analysis using the Tamhane-T2-test indicated that teachers in Germany,
the Netherlands and the Czech Republic were significantly less oriented towards IBL than
their counterparts in Bulgaria, Greece, Lithuania and the UK.

All over Europe teachers are positively oriented to implement IBL. IBL has not found its
way into daily teaching practice. Significant differences between both the countries and
also between the subjects

mathematics and science are visible. However, the low rate of reported implementation
in Romania is prominent.

Table3

Items referring to the use of IBL in daily teaching practice.

15a | regularly do projects using IBL with my students
15i IBL is part of my daily teaching.

15r | already use IBL a great deal.
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over come

probl ems

I:r?:ﬁeferring toa positive orientation towards the implementation of IBL in daily teaching practice.
15¢ | would like to implement more IBL practices in my lessons.

15d Il BL is well suited to

15k | would like to do more IBL to enrich my teaching practice.

15l IBL is well suited to motivate students.

15u | think my teaching will improve by implementing IBL.

15v Students benefit from IBL.

Table5

Implementation of the IBL
Means of us of IBL (IBL) and orientation towards IBL (BIBL), differentiation the Eurc

countries of the consortium (1:strongly agree, 2: disagree, 3. agree, 4:strongly agree)

Country IBL BIBL

M (SD) M (SD)
Austria 2.31 (.68) 3.12 (.49)
Bulgaria 2.58 (.65) 3.25 (.40)
Cyprus 2.69 (.53) 3.15 (.40)
Czech Republic 2.21 (.43) 2.96 (.37)
Germany 2.63 (.77) 2.90 (.49)
Greece 2.31 (.56) 3.20 (.40)
Lithuania 2.32 (.44) 3.24 (.37)
Netherlands 2.06 (.68) 2.92 (.40)
Norway 2.28 (.58) 3.14 (.28)
Romania 1.50 (.63) 2.98 (.66)
Spain 2.20 (.65) 3.16 (.40)
Turkey 2.66 (.44) 3.17 (.36)
UK 2.06 (.65) 3.26 (.47)
All 2.32 (.64) 3.13 (.43)
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Figure9
Scatterplot of IBL (use of IBL) versus BIBL (orientation towards IBL) depending on the country and the subject (n>20, 1: strongly
disagree, 2: disagree, 3: agree, 4: strongly agree)
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1.6.3 Use and perception of WoW

As for IBL the use of WoW in daily teaching practice (WoW) and the orientation towards
IBL (BWoW) were each captured with a small scale. Table 6 and Table 7 display the
items. The scales are documented in appendix 4.2. Analysing the data indicated that
teachers all over Europe have not implemented WoW into their daily teaching and are
positive oriented to do so (Table 8, Figure 10).

WoW is even less part of daily teaching than IBL. On average, teachers agree more that
IBL (M=2.32, SE=.64) is part of their teaching than WoW (M=2.08, SE=.61). This
difference .24 was significant, t(1123)=13.8, p<.001 and represents a small effect, d=.22.
The use of WoW was significantly related to the use of IBL, r=.56, p<.001.

A-two factor ANOVA was calculated to gain insight into the effect of the country and of
the subject on the use of WoW in daily teaching practice. There was a significant main
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effect of the country on the use of WoW, F(12,1080)=8.997, p<.001. Furthermore, the
main effect of the subject was also significant, F(1,1080)=22.60, p<.001. No significant
interaction effects were visible. Post hoc comparisons using the Tamhane-T2 test
revealed for example that teachers in Cyprus and in the Czech Republic use more WoW
than those in Greece, the Netherlands, Romania and the UK. The pairwise comparison
of the use of WoW between Romania and any other country of the sample was significant.
All over Europe teachers are positively oriented to implement WoW in daily teaching
practice (M=3.10, SD=.47). On average, teachers are more positively oriented towards
IBL (M=3.13, SD=.44) than towards the WoW. The difference .03 was significant,
t(1126)=3.132, p=.002), but the effect size was very small, d=.04. The orientation towards
IBL (BIBL) was significantly related to the orientation towards WowW (BWoW), r=.59,
p<.001.

Analysis of the data indicated that the country has a significant influence on the orientation
whereas such an influence is not visible for the subject in case. A analysis of variance
showed the influence of the country is significant (F(12,1114)=6.23, p<.001, w=.23. Post
hoc analysis using the Tamhane-T2-test indicated that teachers in Germany, the
Netherlands are significantly less oriented towards WOW than their counterparts in
Bulgaria, Lithuania and Spain.

All over Europe teachers are positively orientated to implement WoW in daily teaching
practice. Nevertheless, the intention to implement IBL is higher. The use of WoW is
regulated by the different countries. The use of WoW depends on the country and the
subject. The low rate of implementation in Romania is especially striking. A strong
relationship exists between the use of IBL and WoW and also between the orientation
towards IBL and towards WoW.

Table6

Items referring to the use ofWoW in daily teaching practice.

15b | regularly do projects that have connections to the WoW with my students.
15j Making connections to the WoW is part of my daily teaching.

15t | already use the WoW a great deal.
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;It-gr?::?referring to a positive orientation towards the implementation of WoW in daily teaching practice.
15f | would like to make more connections to the world of work.
15¢ Co'nr'mections to the World of Work are wel
motivation.
150 I would like to use more tasks that resemble the tasks of real workers.
15p Connections with the World of Work are well suited to motivate students.
15x Connecting to the world of work makes lessons more interesting.
15y Students will benefit from making connections to the world of work.
Table8

Implementation of the WOW
Means of ug of WOW (WOW) and orientation towards WOW (BWOW), differentiation the Eurog
countries of the consortium (1:strongly agree, 2: disagree, 3: agree, 4:strongly agree)

Country WOW BWOW

M (SD) M (SD)
Austria 2.16 (.67) 2.95 (.68)
Bulgaria 2.22 (.52) 3.27 (.35)
Cyprus 2.33 (.59) 3.13 (.43)
Czech Republic 2.32 (.50) 3.06 (.35)
Germany 2.15 (.92) 2.77 (.64)
Greece 1.96 (.54) 3.11 (.47)
Lithuania 2.25 (.47) 3.25 (.37)
Netherlands 1.92 (.46) 2.87 (.45)
Norway 2.03 (.37) 3.07 (.36)
Romania 1.15 (.37) 3.12 (.56)
Spain 2.24 (.54) 3.22 (.42)
Turkey 2.21 (.49) 3.01 (.46)
UK 1.88 (.56) 3.12 (.46)
All 2.08 (.61) 3.10 (.48)
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Figure10
Scatterplot of WoW (use ofWoW) versuBWoW (orientation towardsWoW) depending on thecountry and the subject (n>20,
1: strongly disagree, 2: disagree, 3: agree, 4: strongly agree).

3.80
® science
® mathematics
3.60
3.407 _ Lithuania
Bulgarla.. .Spain
3.201 Greec:esr’a'n o
% ’ Romania UK.No&ay @ Lithuania
(] Cyprus
; o0 o yp. Cyprus
o] 3.00- Greece AustriaTurkey
) Turkey® Czech Republic
Netherlands® g )
2.801 Netherlands Austria
Germany
([ J
2.60
2.407

I I I I I I I I
100 120 1.40 160 1.80 200 220 2.40

Wow

1.6.4 Difficulties with the implementation of IBL

A three-factor structure for 14 items which are asking for problems when implementing
IBL was evident, based on a principal components exploratory factor analysis with an
oblimin rotation. The three factors were named system restrictions (syr), classroom
management (cla), and resources (res). The scales are reported in the appendix (4.2).
The importance of the factors was rated differently. The mean of classroom management
(cla) was 2.1 while it was 2.7 for resources and 2.8 for system restriction (strongly
disagree, disagree, agree, strongly agree)(Table 9).

An analysis of variance showed that the effect of the educational system was significant
for all three factors. Analysis showed a medium size effect of the country on classroom
management, F(12,1114)=9.38, p<.001,w=.29. Post-hoc analysis using the Tamhane-T2
test indicated that especially Romanian teachers do not see classroom management as
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a factor hindering the implementation of IBL. Besides other significant comparisons,
teachers in Greece and Romania see classroom management as less of a hindrance than
their counterparts in Cyprus, the Czech Republic, Lithuania, Spain and Turkey.
Regarding resources the effect was also significant, F(12,1112)=5.35, p<.001, w=.21.
Post-hoc analysis using the Tamhane-T2 test indicated that teachers in Cyprus and
Germany see resources as being significantly less a factor that hinder the implementation
than their colleagues in Greece, Lithuania, Norway and Spain.

The effect of the country on systemic restrictions is also significant, F(12,1115)=33.796,
p<.001, w=.51. Tamhane-T2 post hoc analysis revealed that teachers in Romania
experience more systemic restrictions than their counterparts in all other European
countries. Systemic restrictions are rated comparatively low in Lithuania, Germany and
Cyprus. Teachers in these countries report significantly less restrictions than their
colleagues in Greece, Romania, Spain and the UK.

Interestingly, the problems with the implementation of IBL were rated significantly
different by mathematics and science teachers. Mathematics teachers report more
problems related to resources and to system restrictions and less problems with
classroom management. While the effect concerning resources and classroom
management was small there was a large effect for systemic restriction (Table 10)
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Table9

Means of the variablesproblems related to classroom management (cla), resources (res) and sy
restrictions (sys) differentiation the European countries of the consortium (1:strongly agree, 2: disagr
agree, 4:strongly agree)

cla res sys

Country

M (SD) M (SD) M (SD)
Austria 2.13 (.55) 2.78 (.78) 2.75 (.67)
Bulgaria 2.12 (.58) 2.63 (.59) 2.87 (.40)
Cyprus 2.18 (.50) 2.50 (.60) 2.64 (.44)
Czech Republic 2.23 (.43) 2.70 (.53) 2.67 (.38)
Germany 1.97 (.55) 2.29 (.83) 2.58 (.69)
Greece 1.96 (.45) 2.80 (.57) 3.01 (.42)
Lithuania 2.23 (.39) 2.82 (.52) 2.57 (-39)
Netherlands 1.97 (.50) 2.60 (.59) 2.81 (.57)
Norway 2.12 (.41) 2.81 (.56) 2.68 (.36)
Romania 1.74 (.63) 2.86 (.97) 3.72 (.31)
Spain 2.26 (.46) 2.93 (.65) 2.88 (.47)
Turkey 2.36 (.40) 2.71 (.67) 2.79 (.43)
UK 2.17 (.49) 2.61 (.58) 2.91 (.40)
All 2.10 (.50) 2.71 (.66) 2.84 (.53)
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Table10
Results of {test comparing mathematics and science teachgrsrception of problems related to the implementation of
IBL

Science teacher Mathematics
teacher t df d
N M (SD) N M (SD)
Classroom 495 515 (51) 613 2.10 (.49) 2.62 1104 0.16
management
Resources* 490 2.66 (.66) 614 2.76 (65)  -2.66 1102 -0.16
rSeysSttr(iecrtri]ons*** 493 270 (51) 614 2.96 (50)  -8.40 1105 -0.51

Note: *differences are significant at p<.05
***differences are significant at p<.001

Multiple regression analysis was used to test if the problems significantly predicted
teacherséuse of IBL. The results of the regression indicated the three predictors explained
24% of the variance (R?adusted=.24, F(3,1117)=120.45, p<.001). It was found that
problems related to classroom management (b=-.12, p<.001), to resources (b=-.21,
p<.001) and to systemic issues (b=-.41, p<.001) significantly predicted the use of IBL.
The Romanian data seemed to be an outlier that had particularly high values for systemic
problems and demonstrated extremely low values for the use of IBL. To control the effect
of the Romanian data a second multiple regression was conducted which did not
incorporate the Romanian data set. It was found that problems related to classroom
management, resources and to systemic issues explain a significant amount of the
variance in the use of daily teaching practice (F(3, 1061) = 118.99, p < .001, R? = .25,
R2adjusted = .25). The analysis showed that problems related to classroom management
(b=-.12, p<.001) as well as resources (b=-.21, p<.001) and systemic issues (b=-.35,
p<.001) significantly predicted the use of IBL in classrooms.

In both cases, out of the three problem areas systemic issues have the greatest influence
on the use of IBL in classrooms. Figure 11 shows the scatter plot of the use of IBL versus
systemic restriction for the aggregated country data.
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Figurell: Scatter plot of use of IBL versus system related gesb (1: strongly disagree, 2: disagree, 3: agree, 4: strongly agree)
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A standard multiple regression analysis was conducted to evaluate how problems related
to classroom management, resources and to systemic restriction predicted the orientation
towards IBL. The linear combination of classroom management, resources and systemic
restrictions was significantly related to the orientation towards IBL, R?=.14, R?adjusted =.14,
F (3,1119) = 61.41, p < .001. Beta coefficients for the three predictors were classroom
management, b = -.37, p <.001; resources, b =.15, p < .001 and systemic restrictions, b
=-.06, p =.07,n.s.

Classroom management, resources and system restriction hinder the implementation of
IBL. Between the different countries of the consortium and also between the subjects the
relevance of these categories is rated differently. System restrictions are the best
predictor for the use of IBL. Classroom management is most suitable to predict the
orientation towards IBL.

1.6.5 Difficulties with the implementation of WoW

Two scales were used to gain insight into difficulties teachers have with the
implementation of WOW in daily teaching practices According to the problems related to
the implementation of IBL they were identified as resources (wres) and system restrictions
(wsys). The scales are reported in the appendix (4.2). Overall, resources and system
restriction are seen as comparably relevant (Table 11).
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An analysis of variance showed that the effect of the educational system was significant
for both factors. A one-way ANOVA was used to test for differences among the countries.
Resources as a problem were rated significantly different across the thirteen countries, F
(12, 1101)=7.88, p<0.01, w=.26. Tamhane-T2 post-hoc comparisons of the countries
indicated that teachers in Romania (M=3.31, SD=.74) gave significantly higher ratings for
problems relates to resources. Except for Spain all pair-wise comparisons were
significant at p<.05. Furthermore, a one way analysis of variance showed that the effect
of the country (cultural background) on system restriction was significant,
F(12,1102)=24.49, p<0.01,w=.44. Post hoc analyses using the Tamhane-T2 criterion for
significance indicated that system restrictions were rated significantly higher in Romania
(M=3.63, SD=.43) and Greece (M=3.02, SD=.50) than in most other countries. For
Romania all pair-wise comparisons were significant and for Greece seven. In the Czech
Republic (M=2.53, SD=.36) system restrictions were rated significantly lower than in
seven other countries.

As is the case with the implementation of IBL, the problems with the implementation of
WoW are rated significantly different by mathematics and science teachers. Mathematics
teacher report more problems related to resources and to system restrictions. Whereas
the effect on resources is a medium sized, the effect on systemic restriction is large (Table
10).

Multiple regression analysis was used to test if the problems faced significantly predicted

teachersdé use of WoOW in daily teaching pract
WoW (BWoW). The results of the regression indicated the two predictors explained
27.7% of the variance (R?=.28, F(2,1108)=213.9, p<.01) of WoW in daily teaching
practice. It was found that resources24signi f

p<.001), as di d s y4lipx01l). Bathsvariahles did notrsignifigarhtly
predict the orientation towards WoW.

Table 13 reports the correlation between problems related to the implementation of IBL
and problems related to the implementation of WoW.

Missing resources and system restriction as a hindrance for implementation of WoW are
strongly correlated to missing resources as a hindrance for the implementation of IBL.
Depending on both the cultural and the subject background the relevance of resources
and system restrictions being a hindrance for the implementation of IBL is rated
differently. Both, but particularly system restrictions predict the use of WoW in daily
teaching practice.

The project mascil has received funding from the European Union

Seventh Framework Programme (FP713@2017 under grant agreement n° 320693.

- SEVENTH FRAMEWORK
PROGRAMME




Tablell

Implementation of the WoW
Means of problems related to resources (wres) and system restrictions (wsys) differentie
the European countries of the consortium (1:strongly agree, 2: disagree, 3: agree, 4:sti

agree)
Country wres WSYys

M (SD) M (SD)
Austria 2.77 (.73) 2.59 (.67)
Bulgaria 2.85 (.49) 2.71 (.43)
Cyprus 2.63 (.56) 2.75 (.51)
Czech Republic 2.63 (.53) 2.54 (.36)
Germany 2.59 (.84) 2.54 (.77)
Greece 2.89 (.50) 3.02 (.50)
Lithuania 2.84 (.46) 2.70 (.39)
Netherlands 2.75 (.54) 2.81 (.47)
Norway 2.91 (.44) 2.88 (.40)
Romania 3.31 (.74) 3.63 (.43)
Spain 2.93 (.64) 2.83 (.48)
Turkey 2.82 (.50) 2.90 (.45)
UK 2.78 (.56) 2.91 (.50)
All 2.82 (.59) 2.85 (.55)
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Table12
Results of #test comparing mathematics and science teachgmsrception of problems related to the implementation of
WoW

. Mathematics
Science teacher
teacher t df d
N M (SD) N M (SD)
Resources*** 488 2.69 .60 607 2.93 .55 -8.77 1095 -0.43

System restrictions*** 491  2.70 .55 606 2.98 52 -6.96 1004! -0.54

Note: ***differences are significant at p<.001
1Levene's Test for equality of variances was statistically significant, and therefore the degree of freedom has
been adjusted.

Tablel3
World of Workg Inquiry based learning
Correlation between measures

Measure res Sys
wres .610" 433"
wsys 302" 673"

*p<.05,**p<.01
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2. Conclusions and Recommendations

The project mascil aims to promote a widespread use of inquiry-based learning in
mathematics and science education. Furthermore, the project focuses on connecting
inquiry based learning in school with the world of work. The findings of the status-quo
study reveal that in all countries of the consortium there is a need for a project like mascil.
The analysis of the data indicated a strong significant correlation between IBL and WoW
in the domains use, orientation and problems. This finding is of two-fold importance. It
supports the intention of the project mascil to connect inquiry based learning in school
with the world of work. Implementing IBL and the WoW faces comparable hindrances.
Additionally, teachers who are open-minded to implement IBL are also open-minded to
make connections to the world-of-work. Furthermore, the result gives evidence that
teachers have an understanding of IBL which is in line with the framework of mascil. This
framework includes that IBL addresses problems that are relevant to the student, that are
purposeful and ask for products that illustrate the utility of mathematics and science.
Having a focus on IBL and on the world of work context within the same project is
reasonable and practicable way to improve education in science and mathematics
education.

The existing situation in all countries reveals the need for projects like mascil. It is
conducive for the project that teachers are positively oriented to implement IBL and WoW
into their daily teaching practice in all countries of the consortium. Furthermore, the data
indicated that IBL and WoW have not found their way into daily teaching practice so far,
but are visible on a rudiment level in most countries. The project mascil has the possibility
to tie in with these experiences and to benefit from them.

Even so many policy documents foster the implementation of IBL, teachers do not
experience the policy context as being supportive of the implementation of IBL. It is a big
challenge to transfer the stated support on the macro-level (policy making) to the school
and the classroom level. If IBL is supported on the macro-level, the project mascil should
make an effort to make this visible and concrete for the teachers. Teachers need to have
explicit examples how the implementations are supported by policy contexts. In some
cases setting up a cooperation with the responsible school authorities could be useful.
The problems teachers have with the implementation of IBL can be assigned to three
categories: Classroom management, resources, and system restrictions. All of them have
to be taken seriously. Professional development courses have to address all three
categories. The analysis of the data indicated that even though problems related to
classroom management, resources and systemic issues predict the use of IBL in daily
classroom practice it is system restrictions which have the greatest influence. Therefore
the project mascil should -as it is intended- not only provide material and resources but
use them as a means to show that the educational system is not hindering the
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implementation of IBL and the WoW. All teachers should feel supported by the
educational policy in their country.

Another important result is that problems related to classroom management are the main
predictor for a positive orientation towards IBL. Teachers have to experience that it is
feasible to implement IBL and the WoW in teaching practice to be positively oriented to
do so. Therefore, the intended spiral model based on collaborative communities of
teachers working together is a reasonable approach. Between meetings, teachers will be
challenged to work with their classes using mascil resources. At their next meeting they
can reflect with colleagues on inquiry teaching and learning that connects with the world
of work, the changes that result in their practice, student activities and outcomes. Taken
together teacher have to experience that there is a systemic support for the
implementation of IBL and the context WoW and that is feasible in classrooms.
Furthermore, our analysis revealed significant differences concerning the status and the
hindrances for implementing IBL between the countries and between subjects. This leads
to different starting point and needs depending on country and on the subject. Therefore
it is very sensible that the entire consortium is involved in the process of providing both
the tool-kit for professional development and also the material collection. Within the
project every partner needs to have freedom to adapt the concept of mascil to their
requirements.

In general, the findings of our status quo study support the preliminary set of conclusions
regarding national contexts in each participant country made by WP2 (Kikis-Papadakis
2013). In particular, in Greece, Spain, the UK and especially in Romania low support of
the national context is reported. In Austria, Lithuania, Germany and Cyprus the system
support is seen comparatively positive. In Germany, the Netherlands and the Czech
Republic teachers have comparatively low interest to implement IBL. Every effort has to
be aligned to the national reality and every evaluation has to take care of the different
national preconditions.

Furthermore, the analysis of the data indicated that mathematics teachers anticipated
more problems related to resources and system restriction than science teachers. This
reveals that the subjects have different traditions. Inquiry based learning is closer to the
teaching tradition of science where inquiry is for example central in learning about the
nature of science. Additionally, a potential explanation for this is that mathematics has a
more defined curriculum and is more often subject of (national) final examinations.
Mascil is a complex project bringing different teaching traditions together. As it is intended
there should be enough flexibility that every country of the consortium can align to their
national needs, learn from each other and to pursue the common goal to support the
implementation of IBL and the WoW context.
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