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EXECUTIVE SUMMARY

This report draws on data from all stages of the project to evaluate the implementation and impact
of the project. It evaluates the organisation of the project within different WPs and comments on
the effective management of the project.

The evaluation is based on the key objectives outlined in the DOW.

. Adapt for European usage EiE’s EDP which has been shown to increase children’s
technology literacy and raise their interest in science;

Develop new engineering design challenges suited to European contexts;

Adapt teacher training materials that will increase primary school educators’ ability to
teach engineering and technology to their students using IBSE methods:

Undertake an extensive outreach program that will target science teachers, teacher
trainers and schools in at least 10 EU member states and associated countries:

Strengthen the cooperation between schools and informal science learning institutions
and enrich formal science education with informal experiences in the science museums;

Undertake advocacy activities for promoting the long term goal of integrating engineering
into science teaching in primary schools throughout Europe.

The report evaluates the processes contributing to the distinctive ENGINEER materials based on
the EDP which have been developed.

It considers the effect of the materials on teachers’ attitudes and practices drawing on data from
piloting activities which suggest that the materials may have a European wide impact on teachers’
practices. This view is further supported by data from evaluations of training during the outreach
activities, which indicate that the majority of those trained, intended to use the materials in their
classrooms.

The report discusses the impact of the materials on pupils’ views of science and engineering and
ways of working is evaluated through analysis of pupils’ reported changes in attitudes pre and post
piloting of the materials.

The report evaluates the productive relationships which were established between museums and
schools and draws some conclusions concerning the value of linking informal and formal learning
contexts. It also considers factors which were important in the development of strong working
relationships between museums and schools and also in the development of a strong network of
European science museums interested in Engineering.

It evaluates important features of successful outreach activities and dissemination. Also included
are examples of successful advocacy activities.

The report’s conclusions evaluate the strengths of the project and indicate directions for sustaining
the project and future developments.
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1 INTRODUCTION

1.1 REMINDER OF THE CONTEXT

The ENGINEER project has supported the widespread adoption in Europe of innovative methods
of science teaching and extensive training on inquiry based methods (IBSE). The project team has
created ten engineering design challenges suited to European environments. These challenges
have been piloted in schools across Europe. Each challenge has focused on one engineering field
and uses inexpensive materials for pupil-led design problem solving.

Science museums have led the outreach effort to train teachers, teacher trainers and museum
educators in the use of the materials. Museums have offered programmes for student groups as
well as the general public based on the ENGINEER materials.

Dissemination activities have helped to increase awareness of ENGINEER and helped to promote
participation. Advocacy strategies have been implemented to ensure the sustainability of the
project and to maximise its impact after the project formally ends.

This final report of the evaluation team (WP6) seeks to evaluate the impact of the project in relation
to the key aims which are set out in the DOW. It draws data from WP reports, interim reports and
its own evaluation tools to present a report which draws together all elements of the evaluation and
arrives at an independent view of its strengths and weaknesses, both against the original project
objectives and in terms of criteria derived from a critical appraisal of the cultural and policy context
and the research based knowledge relevant to the project.

UWE has applied a democratic approach to evaluation which has sought to assess the
experiences, impacts and effects of the project at all levels. We have been interested in collecting
the views of all those who have participated in the project; teachers and museum educators, WP
leaders; pupils and families and BMOS. The team has developed and utilised evaluation tools
such as questionnaires, monitoring forms, structured observations and interviews. It also draws on
field notes, informal conversations and discussions.

In addition, this evaluation also draws on evaluation reports submitted by the evaluation team
earlier in the project and the reports from WP leaders on different milestones within the project.

The central role of the evaluation team in supporting the project is evidenced in Figure 1.3 Work
Plan Overview in the Description of Work (page 31). Members of the team have acted as critical
friends throughout the project providing evaluations which fed into future developments of the
project (for example the development of materials from the piloting phase) and also providing
ongoing advice on the outreach activities, advocacy and dissemination.

Members of the UWE team have attended whole consortium meetings in Brussels (M1),
Amsterdam (M4 and M13) Jerusalem (M6) and Milan (M21). The UWE team draws on field notes
and informal conversations from these meetings in this report.

The UWE team has been present at all management meetings and noted how the project has
developed; the challenges which have been met and plans to mediate them.

The evaluation thus draws on a range of data sets to evaluate the different stages of the project. It
provides an analysis of different opportunities and challenges met by participants as the project
was implemented and draws conclusions for future consideration.
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1.2 RELATIONSHIP WITH OTHER TASKS

The 6.5 report evaluates and draws on data presented in reports from other WPs and the internal
periodic reports.

1.3 STRUCTURE OF THE DOCUMENT

The report is structured within the following sections.

2.1 The organisation of the project.

2.2 The creation of new engineering design challenges suited to European contexts which draw on
the principles of EiE’s EDP.

2.3 The outreach campaign

2.4 Strengthening the cooperation between school and informal science learning institutions and
enriching formal science education with informal experiences in the science museum.

2.5 Dissemination and Advocacy activities for promoting the long term goal of integrating
engineering into science teaching in primary schools throughout Europe.

3.0 Conclusions

1.4 IMPACTS OF THE DELIVERABLE

The report identifies key findings from the project to evaluate the success of the project. Findings
will inform the sustainability of the project and future developments to promote the take up of
engineering and inquiry based methods in European primary schools.
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2 REPORT

2.1 ORGANISATION OF THE PROJECT.

The DOW has eight individual WPs designed to ensure the successful implementation of the
project. Each WP has an allocation of specific tasks and deliverables to be completed by specified
dates. WPs were led by university and museum partners and ECSITE.

These partners have all presented their deliverables on time and where there have been delays,
they have been minor. Justifications for delays have been well founded and have not affected the
successful completion of other tasks.

The design of the WPs required different WP leaders to work closely together to ensure there was
consistency in approaches. This was achieved well and has facilitated the development of a strong
spirit of co-operation which led to successful completion of tasks.

The WP reports provide detailed information about the progress of the project and the different
stages in its implementation. Clear templates have ensured that WP leaders address important
features concerning progress in their reports.

The project has been managed very effectively. Project expectations have been clearly explained
and partners provided with appropriate templates to enable them to report on their work. Well-
structured agendas have ensured that meetings have clear aims and outcomes and ensured that
the project followed its stated timeline. The central website has provided a useful repository for
reports and resources for all partners, keeping them up to date with the progress of the project.
Comments from project partners indicate the central website has been well used and has been an
important resource connecting different sites of learning across the European partners.

In the sections which follow we evaluate the project against the project’s key aims stated in the
DOW.

2.2 THE CREATION OF NEW ENGINEERING DESIGN CHALLENGES SUITED TO
EUROPEAN CONTEXTS WHICH DRAW ON THE PRINCIPLES OF EIE’S EDP.

2.2.1 Background context

Based on the experience and proven success in the US of the Engineering is Elementary (EiE)
programme developed by Boston’s Museum of Science (BMOS), the ENGINEER project aimed to
introduce into European primary schools engineering as a new approach for using IBSE
pedagogical methods in science education. The project aimed to adopt the ‘engineering design
challenge’, the core feature of the EiE programme, in which students follow a five-step engineering
design process to develop and build a model solution to a specific practical problem. The
ENGINEER project intended to use the five-step process applying it to new engineering challenges
chosen for their suitability to the European environment.

ENGINEER has adopted the EDP but also has several distinctive features which distinguish it from
EiE. The focus of design challenges have been chosen as those relevant to the life of European
children and which may be locally adjusted to grade 4-6 curriculum needs in various European
countries. Unlike EIE ENGINEER offers free access to its materials which have been created for
use both in schools and in museums.

The evaluation team draw attention to some key features in the project organisation which have
ensured the successful creation and piloting of these new European materials.
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From the outset the project has focused on the development of understanding of EiE’s EDP in the
development of all its materials (ENGINEER units, teacher training materials, dissemination
materials and advocacy) through consortia meetings, workshops and tailored support for individual
partners.

Initial survey data from WP2 and interviews with project partners indicate that whilst there were
common pedagogic aims in science teaching across the consortium which valued discovery,
discussion and questioning, there was variability in the extent to which these were developed in the
classroom. These features (discovery, discussion and questioning) are central to the EDP and
were taken into account in the development of the ENGINEER units (WP2).

Museum and school partners’ understanding of the EDP has been deepened through engagement
in specific activities and through guidance and support provided by MMU. In particular, in
Jerusalem (M6) MMU provided examples of how to include different features of the EDP within a
prototype unit. Importantly too, MMU described the narrative illustrating the process of developing
a prototype unit which enabled school and museum partners to see the thinking and rationale
underpinning the unit. This guidance was fundamental to support partner schools and museums,
(who were not all experienced in curriculum development), to think about how the EDP would
relate to the development of their own units.

Thus the project has provided more than an adaptation of EiE’s EDP; it has also provided guidance
on how to structure teaching and classroom learning around the EDP which teachers and
museums have successfully drawn on in the development of the ENGINEER units. This guidance
included the exemplification of the distinct processes (unit planning process; engineering design
process and scientific investigation process) in developing a unit which has the potential to support
further curriculum development in science and engineering across Europe beyond that of the
ENGINEER project.

Ten engineering challenges suited to European environments which span a range of engineering
disciplines including marine, structural, electrical, biomedical and aeronautical have been created.
Each unit includes a resources kit and a teacher’s guide. The science topics were selected
because of their alignment with national curricula across the ten participating countries, and
provide pupils with a wide range of engineering themes leading pupils towards projects they might
well not otherwise engage with. The challenges also have been relevant to pupils’ lives and in
particular have taken into account research indicating that girls gravitate towards science
disciplines that have an evident benefit to society (FP6 GAPP and FP7 ROSE).

Unit development and piloting was undertaken by all partners in the project. Strength of this
process was that each unit was tested both by the team who developed it and by a partner team
who were not involved in its development and who therefore approached the piloting with a greater
degree of objectivity.

This process provided opportunities for the voices of different European partners to be heard.
Interview data during the piloting indicate that communication between country partners/museums
was generally good and most partners benefitted from the iterative mutual feedback process during
the pilot phase. Feedback between country partners, particularly at consortium workshops, also
resulted in successful adaptation and improvement of the units.

The units have taken into account the different curricula and pedagogical approaches across
Europe which were identified in the WP2 survey of partner countries’ different provision. Thematic
and cross curricular approaches to learning across European schools have also been taken into
account. Teachers’ involvement in the development and piloting of the design challenges has
ensured that the units are relevant for European pupils and also of interest to the specified age
ranges.
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Discussion at consortium meetings has also strengthened partners’ awareness of different
European contexts. For example, there was some discussion during the unit development
meetings concerning how the terms’ experiment’ and ‘inquiry’ have different connotations in
different countries. In the finished units the term ‘experiment’ is used to describe all pupil activities.

There were also wide variations in partners’ approach to tool use. Observations during the piloting
phase revealed that in some countries, tools were largely absent from the design and make
process, with materials pre-prepared and cut to size by the teacher. In other countries pupils were
required to use cutting and joining tools during the EDP. In some countries tool skills were explicitly
taught and in others, pupil tool competence was assumed. This variation across partners indicates
one of the challenges of designing materials to suit different European contexts.

A further challenge was the issue of health and safety which was viewed differently in partner
countries, with some schools not able to use tools that others use regularly (e.g. glue guns, hand
saws etc.). This made it challenging to develop a protocol for all units and the issue has been left
to the discretion of individual teachers/schools that use the ENGINEER units.

The provision of resource kits to accompany the materials has been an important factor in
resolving some of these issues and in ensuring the successful implementation of the units during
the outreach activities. Following their outreach training teachers reported how helpful the kits had
been and how they had motivated them to use the units.

A clear strength of the ENGINEER materials is their potential to integrate curriculum subjects
(science, mathematics and design & technology — engineering). Our observations in classrooms
and reports from outreach activities indicate pupils’ enthusiasm to engage with the cross curricular
activities provided in the units. Such data are supported by research (see Gresnigt et al. 2014 for
example) which suggests that pupils’ attitudes towards science and mathematics can be enhanced
through cross-curricular integrated approaches.

In addition, teachers reported in the outreach activities their enjoyment in engaging with the units.
Appleton (2002) found that teachers see science activities as more appealing when they are part of
an integrated, thematic approach with a perspective that encompasses more than just science; this
suggests that the ENGINEER materials could play an important role in motivating teachers who will
subsequently motivate and enthuse their pupils.

One of the unique features of the project is its bottom-up design process. Often education
innovation occurs through a top-down approach from policy makers and curriculum developers to
schools and teachers. BMOS EIiE materials were developed following extensive trialling by
professional curriculum developers. In contrast, on the ENGINEER project every aspect of the
materials was designed by teachers and museum educators with the European context in mind.

Evaluation observations and data from WP2 reports during the development and piloting phases
revealed that creating learning and teaching materials of this sort is a highly complex task and that
the teachers and museum educators received intensive support and guidance from MMU.

Brundrett and Duncan, 2011 suggest that when teachers have a voice in the design process,
curriculum becomes more contextually relevant, more accessible and more motivational for
children. Given the nature and aims of the ENGINEER project, the decision to involve those with
current experience of teaching in school and museum contexts in the design process was
important, since fellow teachers in each of the participating countries who use the ENGINEER
materials will benefit from the knowledgeable input of those involved in the design process.

2.2.2 Summary

ENGINEER has created distinctive materials based on the EDP. It has also produced guidance on
the processes involved in developing Engineering units which will be of value for those interested
in creating further units. The involvement of museum and schools in the creation and piloting of the
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materials has ensured their relevance for European contexts. Topics included in the materials have
been designed to appeal to both boys and girls.

2.2.3 The impact of partners' teachers’ involvement in the project on their
knowledge and understanding of science and engineering and their
classroom practices.

Given the important role which partner teachers had in the development and piloting of the units,
we wanted to know more about how their involvement in the project affected their own knowledge
and classroom practices. We wanted to know if there were common experiences amongst
European partners.

We administered a Project Questionnaire at three separate points (Sweeps 1, 2 and 3) during the
project: M6 (beginning of the project), M21 (following the piloting) and M33 (during the outreach
phase) which provided data on partner teachers’ knowledge, attitudes and practices.

There are 22 responses included in the data from those who completed Project Questionnaires for
Sweeps 1 and 2. In Sweep 3 there were a total of six responses of which only three had
completed the data in previous sweeps. This does not give any statistically valid data and does not
allow for any reliable conclusions to be drawn and so these responses have been left out of the
data for this report.

In terms of the level of their study roughly a third of the teachers had studied science or
mathematics beyond secondary school (36% and 32% respectively). Notably, this percentage was
reduced to only 24% for the level of study of technology. Only three teachers (13.5%) had studied
any engineering.

Such experience is useful to explain some of teachers’ reported levels of confidence in knowledge
and understanding and in teaching such subjects. Teachers were asked to report on their level of
confidence on a 4 point scale ranging from very low to very high. Teachers expressed least
confidence in their knowledge and understanding of technology and in teaching engineering in the
pre-pilot questionnaires.

From the responses to the Project Questionnaires completed by teachers in M6 and M21 (n22)
following the pilots there is an indication of some increase in confidence in knowledge and
understanding of maths and technology (both 14%) it is however interesting to note that for some
teachers their confidence levels dropped after piloting the units.

Confidence Level No response | Very Low Low High Very High
n (%) n (%) n (%) n (%) n (%)
Maths
Sweep 1 (%) 2 0 4 5 11
(9%) (0%) (18%) (23%) (50%)
Sweep 2 (%) 0 2 2 8 10
(0%) (9%) (9%) (37%) (45%)
Change (%) -2 | +2 -2 (- +3 -1 (-5%)
9%) (9%) 9%) (14%)
Science
Sweep 1 (%) 0 1 7 © 5
(0%) (5%) (32%) (41%) (23%)
Sweep 2 (%) 1 1 2 10 8
(5%) (5%) (9%) (45%) (37%)
Change (%) +1 0 -5 -1 +1 +3
(5%) (0%) 23%) (5%) (14%)
Technology
Sweep 1 (%) 4 5 4 5 4 (18%)
(18%) (23%) (18%) (23%)
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Sweep 2 (%) 1 4 3 7 7 (32%)

(5%) (18%) (14%) (32)
Change (%) -3 -|-1 (-1-1 (-] +2 +3

14%) 5%) 5%) (9%) (14%)
Teaching science
Sweep 1 (%) 0 1 3 7 11

(0%) (5%) (14%) (32%) (50%)
Sweep 2 (%) 1 1 2 9 9

(5%) (5%) (9%) (41%) (41%)
Change (%) +1 0 -1 (-5%) | +2 -2 (-

(5%) (0%) (9%) 9%)
Teaching engineering
Sweep 1 (%) 0 2 9 5 6

(0%) (9%) (41%) (23%) (27%)
Sweep 2 (%) 0 1 4 11 6

(0%) (5%) (18%) (50%) (27%)
Change (%) 0 -1 (-|-5 (-| +6 0

(0%) 5%) 23%) (27%) (0%)
Teaching technology
Sweep 1 (%) 0 3 3 9 7 (32%)

(0%) (14%) (14%) (41%)
Sweep 2 (%) 4 (18%) | 1 3 12 6

(5%) (14%) (55%) (27%)
Change (%) +4 (18%) | -2 -|o0 +3 -1 (-
9%) (0%) (14%) 5%)

Note: For the three teachers that completed sweep 3 their confidence levels had not changed

In terms of the classroom where teachers rated their practices when using the ENGINEER
materials along a continuum of almost always to never, (using a Likert Scale where never is 1 and
almost always is 4) there were changes in all their practices following the piloting.

The greatest reported changes were in teachers reporting pupils had opportunities: ‘to work on
projects in science’, and ‘to ask ‘scientific’ questions’. The next greatest changes were in providing
opportunities for: ‘pupils to do practical activities to learn science’; ‘to try out ideas for solving

problems’ and ‘to discuss what they have found out and how to improve next time’.

Teacher Practice Sweep 1 Sweep 2 Difference
ask ‘scientific’ questions 2.52 3.62 1.10
work on ‘projects’ in science 2.14 3.57 1.43
do practical activities to learn science 2.68 3.57 0.89
discuss what they know that relates to the topic being | 3.00 3.48 0.48
covered

use everyday objects and materials when solving | 3.09 3.71 0.62
problems

imagine different ways of solving problems 3.23 3.80 0.57
choose equipment 2.73 3.29 0.56
Play with materials 2.82 3.40 0.58
Try out their ideas for solving problems 3.05 3.76 0.72
plan investigations 2.73 3.33 0.61
work together in pairs or small groups 3.73 3.90 0.18
discuss their work with each other 3.68 3.81 0.13
try lots of different ways of solving problems 3.32 3.76 0.44
explain their problem solving strategies orally 3.18 3.52 0.34
explain their problem solving strategies in writing 2.91 3.10 0.19
collect data or information to analyze 2.91 3.37 0.46
Decide for yourself how to collect data or information 2.86 3.15 0.29
record what they find out in an investigation 3.00 3.52 0.52
discuss what they have found out and how to improve | 2.90 3.76 0.86
next time
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Teachers were also asked about their classroom organisation. Data indicate an increase in
teachers reporting using examples from everyday life to introduce science and technology (0.29
point scale difference) and a decrease in the use of science textbooks (1.39 point scale difference).

In terms of concerns about teaching ENGINEER units (pupil behaviour, resourcing, time, physical
space, adult support, confidence, pupil numbers and assessment) teachers’ responses all indicate
a reduction. The only concern where there was a slight increase was in curriculum priorities. It
might be that teachers who value and want to undertake ENGINEER activities in the classrooms
are worried that about the availability of time to do this with their commitments to other curriculum
areas.

Data below indicate teachers viewed the ENGINEER materials positively following the piloting and
the majority were aiming to use the materials again with their class and with other classes.

Data from M21 Yes | No Unsure
Were ENGINEER materials effective for learning science in your class? | 18 0 1

Did the children learn the science concepts and engineering process | 16 0 3
successfully?

Will you use Engineer in your class again? 17 1 1

Will you use Engineer Problem solving approaches with other classes? | 16 0 3

Teachers reported different ways in which ENGINEER materials helped them.

Teachers’
responses
(n/22) M21
Plan Lessons 18
Answer pupils’ questions 18
Teach using enquiry based approaches 18
Encourage pupils to talk about the engineering design | 17
process
Teach engineering knowledge and skills 16
Teach science knowledge and skills 14
Organise pupils 11
Find resources 10

For these teachers, the ENGINEER materials were playing a role in enabling them to teach IBSE
approaches and Engineering in their classrooms. This questionnaire was completed before the
resource kits were developed and made available to teachers which could explain the low
response to finding resources. (Data collected subsequently following the piloting from outreach
evaluations indicate that teachers found the resource kits very useful.)

Qualitative data from the Project Questionnaire indicate that teachers were adapting ENGINEER
materials for their own classrooms. In terms of worksheets teachers commented:

‘It depends on the age of the pupils as to how often | used them’;
‘I would need to adapt them to suit the age of my pupils’.

In Sweeps 1 and 2, there were mixed views on how helpful the teachers’ guides were which
indicate the challenges in creating a text which can support teachers across Europe with a variety
of experiences, science knowledge or confidence. The following comments were taken from
Sweep 2, which was following changes made during the pilot but before the outreach:

‘The teacher guide could have been written more clearly; too much text’
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‘It took time to find the bits | needed; | had to search out other sources of information especially for
technical term’.

There were no comments on the teacher guides in Sweep 3. Interestingly, however outreach data
indicate that the teachers who were trained did find the teachers’ guides very helpful which could
suggest that the ‘sweep’ teachers who had created the units, required less information from the
teacher guides.

Teachers acknowledged the effectiveness of teaching the design challenge for learning science
and engineering concepts.

‘The EDP plan is very easy to follow and makes the steps clear to the pupils and teachers’;

‘The pupils remember more things doing the activities’;

‘The pupils got a lot more information through the practical activities’;

‘They still remember what they learned’.

Teachers also commented that they would use the ENGINEER project units in their classes again;
‘The pupils loved it;

‘Open solution task was very exciting’;

‘Makes the children think before doing’;

‘It was inspiring’

‘Technology and engineering seem to be easier and more understandable’.

However, teachers did recognise some difficulties in incorporating these materials within their
curriculum.

‘Yes, but it is sometimes difficult to incorporate in the curriculum’;
‘It depends on how easy | can interface it with the curriculum’.

Several teachers were also enthusiastic to use ENGINEER problem solving approaches with other
classes.

‘| found it worked very well and the pupils seemed to understand and identify with it’;
‘The hands on experience is good’;

‘It's challenging and motivating for pupils’;

‘Problem solving is important’;

‘I will use it as soon as the curriculum allows me to do so’;

‘| think it encourages pupils to work in teams’.
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2.2.4 Summary

Following the piloting of materials teachers from ten European countries reported changes in all
their practices. This suggests that the materials may have a European wide impact on practice.
Teachers also reported how useful they had found the materials to teach IBSE methods.

2.2.5 The impact of the project on children’s technology literacy and raising
their interest in science

Experience in the US from BMOS indicates that EiE engages all pupils in hands-on, real-world
engineering experiences and EIiE evaluation reports show that engineering has the potential to
reach ALL students. Engineering projects have been shown to support the study of science and
maths concepts and to promote problem solving and inquiry based learning. There is some
evidence that engineering can foster girls’ engagement with science disciplines which have an
evident benefit to society (FP6 GAPP and FP7 Rose projects).

Consequently evaluators were interested in how the materials affected pupils’ views of science and
engineering.

Pupils were asked to complete questionnaires administered by classroom teachers in the ten
European partner primary schools pre and post piloting the ENGINEER units with their classes
(M15 - 22).

The questionnaires were developed with the help of ideas and examples from: Pollen: Seed cities
for science, a community approach for a sustainable growth of science education in Europe,
funded by the European Commission under the FP6 Programme Science in Society and Boston
Museum of Science (BMOS) Engineering is Elementary Project Surveys.

The pre-pilot questionnaires asked pupils to choose their own ‘detective code’ to ensure anonymity
in responding to statements concerning:

1. What they liked doing at school (on a 5 point scale - a lot, a bit, not sure, not much, not
at all);

2. The frequency of doing different activities in science and technology lessons ( on a 4
point scale - Almost always, often, now and then, never);

3. What they liked doing in science and technology lessons in schools (on a 5 point scale —
a lot, a bit, not sure, not much. Not at all);

4. Their opinions on science and technology in school (on a 5 point scale — a lot, a bit, not
sure, not much. Not at all.);

5. Their knowledge about the work of Engineers (on a 3 point scale — agree, not sure,
disagree).

The questionnaire was administered again following the piloting of ENGINEER units in pupils’
classrooms and had an additional section. The additional section asked pupils which units they
had worked on together with eliciting their responses (5 point scale A lot, a bit, not sure, not much
and not at all) to statements on the following:

1. What they liked about the unit.

2. How much they thought they had learned about ways of working in science and
engineering
3. How much more than usual they had learned.

In the tables for this report where the response is referred to as positive this equates to an answer
of either ‘Almost Always’ and ‘Often’ or ‘A Lot’ and ‘A bit’ on the questionnaire, where it is neutral it
corresponds to ‘Not sure’ or ‘Now and Then’ on the questionnaire and where a response is classed
as negative it corresponds to ‘Not Much’ and ‘Not At All' or ‘Never’.
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A total of 633 pre-pilot questionnaires were returned to UWE for analysis and 663 post-pilot
guestionnaires.

As a result there were a large enough number of responses to enable data to be displayed as
percentages and although the numbers of responses before and after are slightly different the
overall percentages can be still compared. The reason for including all responses rather than just
paired is because we are not analysing the results of an individual and for some of the countries
the pupils did not appear to use the same ‘detective code’ for both pre and post questionnaires
which would mean that some countries would not be able to be included in the analysis thus
significantly reducing the overall number of responses that could be included in the final analysis.

The number included in the gender analysis was lower - 587 in total. This is because one country
returned all their questionnaires without stipulating whether they were male or female and also
several pupils didn’t indicate or were unclear in their response as to their gender. The number of
included responses for males is 285 and females 302.

One school spontaneously reported that the pupils really enjoyed completing the questionnaire.
The questionnaire was translated locally by the museum partners. The issue of language was a
key consideration in this questionnaire. There is not a subject called technology in several EU
countries and some countries have different names for curriculum subjects. ‘ENGINEER’ also has
different meanings across the EU as a verb and noun.

There were questions that specifically related to the impact the units had had on the pupils’
enjoyment of Maths and Science as well as the engineering:
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Table 1: For All Respondents

What do you think of being in school?

Pre Questionnaire n(%o) n=633 Post  Questionnaire n(%) | % Difference
n=663
Response positive | neutral | negative | No positive | neutral | negative | No positive | neutral | negative | No
response response response
Do you like...?
Doing maths | 439 75 115 4 460 82 119 2 0.0 0.5 -0.2 -0.3
(69.4) (69.4) (12.4) (17.9)
(11.8) (18.2) (0.6) (0.3)
Doing 497 52 80 4 500 77 81 5 -3.1 3.4 -04 0.1
science (78.5) (75.4) (11.6) (12.2)
(8.2) (12.6) (0.6) (0.8)
Doing 569 26 30 8 580 43 36 4 -2.4 2.4 0.7 -0.7
science (89.9) (87.5)
experiments 4.2) 4.7) (1.3) (6.5) (5.4) (0.6)

Table 1 above shows that there was very little impact on whether the pupils enjoyed maths, science or experiments as a result of participating in an
ENGINEER unit. The Czech Republic call their curriculum area nature study at the 5-11 age range so consequently not one pupil identified that
they liked science in the survey. As can be seen ‘doing experiments’ was a popular activity.
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With regard to gender differences Tables 2 and 3 below show the data broken down; after the piloting girls in general move towards being more
negative whereas boys in general move towards being more positive in their views of the these subjects.

Table 2: For Girls

What do you think of being in school?

Pre Questionnaire n (%) Post Questionnaire  n (%) % Difference
Response positive | neutral negative | No positive | neutral | negative | No positive | neutral | negative | No
response response response
Do you like...?
Doing maths | 177 49 75 (24.8) | 1(0.3) 195 55 79 1(0.3) 0.5 0.4 -0.9 0.0
(58.6) (16.2) (59.1) (16.7) (23.9)
Doing 233 28(9.3) |40(13.2) | 1(0.3) 230 50 45 2 (0.6) -6.8 6.0 0.5 0.3
science (72.2) (70.3) (15.3) (13.8)
Doing 274 10 (3.3) | 13(4.3) 5(1.7) 284 25 (7.7) | 17 (5.2) | 0(0)) -3.6 4.4 0.9 -1.7
science (90.7) (87.1)
experiments

Table 3: For Boys

What do you think of being in school?

Pre Questionnaire n (%) Post Questionnaire  n (%) % Difference

Response positive | neutral | negative | No positive | neutral | negative | No positive | neutral | negative | No
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response response response

Do you like...?
Doing maths | 219 24 (8.4) |39 (13.7) |3(1.1) 227 26 (8.9) | 36 2 (0.7) 1.2 0.5 -1.3 -0.4

(76.8) (78.0) (12.4)
Doing 221 23(8.1) |38(13.3) |3(1.1) 231 25(8.6) | 34 2(0.7) 1.6 0.5 -1.7 -0.4
science (77.5) (79.1) (11.6)
Doing 252 13 (4.6) | 17 (6.0) 3(1.1) 254 18 (6.2) | 18 (6.2) | 2(0.7) -1.4 1.6 0.2 -0.4
science (88.4) (87.0)
experiments

These results can be viewed against those for reading where 77% of pupils gave a positive response and where writing was the least popular
activity with 20% of boys stating they did not like it at all.

The responses to questions relating to the objectives of the ENGINEER project in relation to getting pupils to have the opportunity to work through

problems themselves and increasing their knowledge about engineering and what engineers do (Table 4) indicate many more pupils

49.8%

(increase of 27.5%) saying they learnt about what engineers do during their science and technology sessions. There is however less of a change
indicated in their responses to having time to try different ways of problem solving.

Table 4: For All Respondents

What do you do in science and technology lessons

Pre Questionnaire n (%)

Post Questionnaire n (%)

% Difference

Response positive | neutral | negative

No
response

positive

neutral

negative

No
response

positive

neutral

negative

No
response
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How often do you...?

Have time to | 329 237 62 4 389 212 59 3 60 -25 -3 -1
try lots of | (52.1) (37.5) (58.7) (32.0)

different ways (9.8) (0.6) (8.9) (0.5) (6.6) (-5.5) (-0.9) (-0.2)
of solving

problems

Learn about | 141 238 245 9 330 262 64 7 189 24 -181 -2
what (22.3) (37.6) (49.8) (39.5) (27.5)

engineers do (38.7) (1.4 (9.7) (1.1) (1.9) (-29.1) (-0.4)

The pupils were asked what they did in science and technology lessons (Table 5) Interestingly, in this time of a strong socio-constructivist paradigm
in science education, many pupils still identify ‘working on their own’ (567.3%) and ‘watching the teacher (71%) as important. In this case the
percentages refers to ‘almost always’ and ‘often’ responses (referred to as frequently).

However, the pupils mostly did practical work (71.4% frequently). This practical work appears to have an element of teacher direction as the
children did less planning (54% frequently) or having time to try different ways to solve problems (52.1% frequently) and 57.8% (frequently) work
from science textbooks.

This mainly concurs with the research on pupils’ experiences of science and technology. However, every single country’s curricula in the EU has an
element of practical science advocated (EACEA, 2013). It may be that practical work is interpreted as not just the pupil involvement but also
demonstration.

Table 5: Types of Classroom Activity in Science for All Respondents (pre pilot)

Activity Number of
‘Frequently’ %
responses ‘Frequently’
Do practical activities 452 71.4

Page 18/50

This document is produced under the EC contract Ne 288989
It is the property of ENGINEER Parties and shall not be distributed or reproduced without the formal approval



ENGINEER Project Title: ENGINEER- D6 5 Report On Evaluation Of Project's Impact_V3

Watch teachers demonstrate 449 70.9
Try to solve problems set by teacher 444 70.1
Work together in pairs or small groups 426 67.3
Work from text book 366 57.8
Work on own 362 57.3
Explain how you solve problem 361 57
Plan science 342 54
Have time to try different ways for solving

problems 320 52.1
Write down what you have learned 320 52.1
Choose own equipment 300 47.4
Explain what you have learnt 269 425
Talk about science learning 267 42.3
Learn what scientists do 217 34.3
Listen to stories about real problems for

engineers and scientists. 208 329
Tell teacher outside 207 32.7
Learn what engineers do 141 22.3

As a result of the experience of participating in the pilots the pupils’ attitudes altered.
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In the post unit pupil questionnaire the pupils reported a change in classroom activity with more practical experiences, more working with their
peers and more problem solving and 33% more learning about what engineers do (33% change).

In our observations of the pilots the pupils were actively involved in practical work. The percentage of time the pupils were actively involved was
generally over 50% of the time. This caused some teachers a problem as there was unsuitable accommodation in the school for whole class

practical activity.

The responses to ‘what do you know about engineers’ changed positively after completion of an ENGINEER unit. In particular pupils were more
aware that engineering was a design, trial and make process (84% positive responses) in the post questionnaire. There was an increase in positive
response to the idea that engineering makes life easier from 56%-71%. Girls had the greatest change in this attitude. See tables 6 — 8 below:

Table 6: For All Respondents

What do you do in science and technology lessons

Pre Questionnaire n (%) Post Questionnaire  n (%) % Difference

Response positive | neutral | negative | No positive | neutral | negative | No positive | neutral | negative | No
response response response

How often do you...?
Have time to | 329 237 62 4 389 212 59 3 60 -25 -3 -1
try lots of | (52.1) (37.5) (58.7) (32.0)
different ways (9.8) (0.6) (8.9) (0.5) (6.6) (-5.5) (-0.9) (-0.2)
of solving
problems
Learn about | 141 238 245 9 330 262 64 7 189 24 -181 -2
what (22.3) (37.6) (49.8) (39.5) (27.5)
engineers do (38.7) 1.4 (9.7) (1.1) (1.9) (-29.1) (-0.4)

Table 7: For Girls
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What do you know about what engineers do?

Pre Questionnaire n (%) Post Questionnaire  n (%) % Difference

Response positive | neutral | negative | No positive | neutral | negative | No positive | neutral | negative | No
response response response

Engineering 33 (11.0) | 156 108 4 (1.3) 61 137 127 4 (1.2) 7.6 -10.2 2.7 -0.1
helps poor (51.8) (35.9) (18.5) (41.6) (38.6)
people
Engineering 160 105 33(10.9) |4(1.3) 202 91 32(9.7) |4(1.2) 8.4 -7.1 -1.2 -0.1
can make my | (53.0) (34.8) (61.4) (27.7)
home town a
better place to
live in
Engineers help | 206 79 11 (3.6) 6 (2.0) 270 47 9(2.7) 3(0.9 13.9 -11.9 -0.9 -1.1
design and | (68.2) (26.2) (82.1) (14.3)
make things
Only boys can | 8 (2.6) 33 256 5(1.7) 6 (1.8) 26 (7.9) | 293 11(3.3) |-0.8 -3.0 4.3 -0.4
be engineers (10.9) (84.8) (89.1)
Engineering 65 (21.6) | 115 116 5(1.7) 80 137 101 11 (3.3) |27 3.4 -7.8 1.7
can help make (38.2) (38.5) (24.3) (41.6) (30.7)
people healthy
TV, telephones | 176 100 21 (7.0) 5(1.7) 199 102 24 (7.3) |4 (1.2) 2.2 2.1 0.3 -0.4
and radio have | (58.3) (33.1) (60.5) (31.0)
all needed
engineering
Girls can be | 230 55 13 (4.3) 4 (1.3) 285 32(9.7) | 8(2.4) 4 (1.2) 10.5 -8.5 -1.9 -0.1
good engineers | (76.2) (18.2) (86.6)
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Engineers 198 96 4 (1.3) 4 (1.3) 239 78 9(2.7) 3(0.9 7.1 -8.1 1.4 -0.4
need to know | (65.6) (31.8) (72.6) (23.7)
about science
Engineering 148 131 19 (6.3) 4 (1.3) 218 97 10(3.0) |4 (1.2 17.3 -13.9 -3.3 -0.1
makes  living | (49.0) (43.4) (66.3) (29.5)
easier
| could be an |90 (29.8) | 128 81(26.8) | 3(1.0) 107 140 78 3(0.9 2.8 0.3 -3.0 -0.1
engineer when (42.4) (32.6) (42.7) (23.8)
| grow up
Table 8: For Boys
What do you know about what engineers do?

Pre Questionnaire n (%) Post Questionnaire  n (%) % Difference
Response positive | neutral | negative | No positive | neutral | negative | No positive | neutral | negative | No

response response response

Engineering 43 (15.1) | 136 99 (34.9) | 6(2.1) 60 130 95 5(.7) 55 -3.1 2.1 -0.4
helps poor (47.9) (20.7) (44.8) (32.8)
people
Engineering 180 75 24 (8.5) 5(1.8) 200 57 29 4 (1.4) 5.6 -6.8 15 -0.4
can make my | (63.4) (26.4) (69.0) (29.7) (10.0)
home town a
better place to
live in
Engineers help | 211 50 18 (6.3) 6 (2.1) 253 25(8.6) | 6(2.1) 7(2.4) 12.9 -9.0 -4.3 0.3
design and | (74.0) (17.5) (86.9)
make things
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Only boys can | 20 (7.0) |47 213 4 (1.4) 25(8.6) | 23(7.9) | 236 7(2.4) 15 -8.6 6.1 1.0
be engineers (16.5) (75.0) (81.1)

Engineering 79 (27.8) | 84 116 5(1.8) 94 86 104 7 (2.4) 4.5 0.0 -5.1 0.6
can help make (29.6) (40.8) (32.3) (29.6) (35.7)

people healthy

TV, telephones | 169 80 28 (9.9) 7 (2.5) 193 58 31 9(3.1) 6.8 -8.2 0.8 0.6
and radio have | (59.5) (28.2) (66.3) (19.9) (20.7)

all needed

engineering

Girls can be| 165 84 30(10.6) | 5(1.8) 206 49 32 4 (1.4) 12.7 -12.7 0.4 -0.4
good engineers | (58.1) (29.6) (70.8) (16.8) (11.0)

Engineers 202 66 8(2.8) 8(2.8) 234 40 10 (3.4) | 7(2.9) 9.3 -9.5 0.6 -0.4
need to know | (71.1) (23.2) (80.4) (13.7)

about science

Engineering 183 81 16 (5.6) 4 (1.4) 219 55 13(4.5) |4 (1.9 10.8 -9.6 -1.2 0.0
makes  living | (64.4) (28.5) (75.3) (18.9)

easier

| could be an| 105 102 71(25.0) | 6(2.1) 110 106 69 6 (2.1) 0.8 0.5 -1.3 -0.1
engineer when | (37.0) (35.9) (37.8) (36.4) (23.7)

| grow up

Pupils also changed their views on who could be an engineer. Girls can be good engineers changed from 68% to 80% with the greatest change
amongst the girls. The number of boys who thought girls could not be good engineers also reduced. The teachers also supported this finding. All
those teachers observed said they saw all the girls being as involved as the boys.

The number of pupils however, who responded positively to the idea that they could be an engineer when they grow up hardly altered. The girls
seemed have shifted their attitudes on the statement that Engineering makes life easier and that engineers design and make things. This needs to
be explored further as features of engineering education that might appeal more to girls.
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From Table 9 below it can be seen that 75% of the pupils responded positively (a lot /a bit) when asked about what they liked about doing the
engineering unit. The most positive responses were to working with each other, carrying out their plans and learning about engineering (76%). The
girls were more positive than the boys in all these aspects of the experience.

Table 9: Results for All, boys and Girls

E. Doing the ENGINEER unit

Everyone n (%) Girl's n (%) Boy's n (%)

Response A Not Not No A Not Not No A Not Not No
lot/a | sure | much | response | lot/a | sure | much | response | lot/a | sure | much | response
bit bit bit

Did you like...?

Planning 498 80 59 26 (3.9) [ 239 47 34 9(2.7) 220 31 23 17(5.8)

how to | (75.1) | (12.1) | (8.9) (72.6) | (14.3) | (10.3) (75.6) | (10.7) | (7.9)

solve an

‘Engineer’

problem

Carrying 532 |77 27 27 (4.1) |253 |51 15 10 (3.0) |237 |25 12 17 (5.8)
out your | (80.2) | (11.6) | (4.1) (76.9) | (15.5) | (4.6) (81.4) | (8.6) | (4.2)
plan

Working 574 |38 24 27 (4.1) |290 |21 10 8(2.4) |242 |17 13 19 (6.5)

with  other | (86.6) | (5.7) | (3.6) (88.1) | (6.4) | (3.0) (83.2) | (5.8) | (4.5
pupils
Solving the | 517 79 41 26 (3.9) | 257 42 21 9 (2.7) 220 35 19 17 (5.8)
problem (78.0) | (11.9) | (6.2) (78.1) | (12.8) | (6.4) (75.6) | (12.0) | (6.5)
Writing 355 122 161 25(3.8) | 182 59 80 8 (2.4) 139 58 77 17 (5.8)
down what | (53.5) | (18.4) | (24.3) (55.3) | (17.9) | (24.3) (47.8) | (19.9) | (26.5)
you learned
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Presenting | 374 119 140 29 (4.4) | 195 60 63 11 (3.3) | 157 52 63 18 (6.2)
what you | (56.5) | (18.0) | (21.1) (59.3) | (18.2) | (19.1) (54.1) | (17.9) | (21.7)
learned to
the class
Learning 506 72 58 27 (4.1) | 246 40 35 8 (2.4) 220 30 22 19 (6.5)
about (76.3) | (10.9) | (8.7) (74.8) | (12.2) | (10.6) (75.6) | (10.3) | (7.6)
engineering
Learning 487 93 55 28 (4.2) | 237 53 30 9(2,7) 210 37 25 19 (6.5)
about (73.5) | (14.0) | (8.3) (72.0) | (16.1) | (9.2) (72.2) | (12.7) | (8.6)
science in
the
ENGINEER
unit
Doing the | 497 90 47 28 (4.2) | 243 54 22 9(2.7) 212 36 24 19 (6.5)
ENGINEER | (75.1) | (13.6) | (7.1) (74.1) | (16.5) | (6.7) (72.9) | (12.4) | (8.2)
unit
How much did you learn about....?
Science 534 56 44 29 (4.4) | 267 32 22 8 (2.4) 225 23 22 21 (7.2)
(80.5) | (8.4) | (6.6) (81.2) | (9.7) | (6.7) (77.3) | (7.9) | (7.6)
Enaineerin 542 47 43 31(4.7) | 267 25 27 10 (3.0) | 232 22 16 21 (7.2)
9 916817 | (7.1 | (6.5) 81.2) | (7.6) |(8.2) (79.7) | (7.6) | (5.5)
Solving 529 60 41 33(5.0) | 269 28 22 10 (3.0) [ 219 30 19 23 (7.9)
problems (79.8) | (9.0) | (6.2) (81.8) | (8.5) | (6.7) (75.3) | (10.3) | (6.5)
Making 541 |60 31 31(47) |273 |34 14 8 (2.4) 227 |25 16 23 (7.9)
things (81.6) | (9.0) | (4.7) (83.0) | (10.3) | (4.3) (78.0) | (8.6) | (5.5)
Working in | 560 37 33 31(4.7) |282 21 16 9(2.7) 237 16 15 22 (7.6)
a team (84.7) | (5.6) | (5.0 (86.0) | (6.4) | (4.9 (81.7) | (5.5) | (5.2
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Explaining |[463 |99 |72 |29(4.4) [230 |60 |31 |8(24) |[195 |37 |38 [21(7.2)

myideas | (69.8) | (14.9) | (10.9) (69.9) | (18.2) | (9.4) (67.0) | (12.7) | (13.1)
Planning a|474 |96 62 30(4.5) |[234 |55 30 927 |201 |40 29 21 (7.2)
task (71.6) | (14.5) | (9.4) (71.3) | (16.8) | (9.1) (69.1) | (13.7) | (10.0)

Asking 450 [113 |71 29 (4.4) [224 |63 34 8(2.4) |[189 |48 33 21 (7.2)
questions | (67.9) | (17.0) | (10.7) (68.1) | (19.1) | (10.3) (64.9) | (16.5) | (11.3)
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Pupils also reported positively (a lot/a bit) that they had learned about science and engineering
(80.5 and 81.5% respectively) and reported that they had learned about working in teams (84.7%)
and making things (81.6% positive responses).

Further analysis of Table 9 above containing the results on questions asked in section E which was
only completed post the piloting and looks solely at how the children viewed completing an
ENGINEER unit, shows that with regard to both genders the most positive response (‘a lot’ and ‘a
bit’) to what they liked was ‘working with other pupils’ at 86.6% and correspondingly the area they
said they learnt most about was ‘working in a team’ at 84.7%.

There were high percentage positive responses to the different features of working as an engineer
which the pupils had liked:

Carrying out your plan (80.2%)
Solving the problem (78.0%)
Learning about engineering (76.3%)
Doing the ENGINEER unit (75.1%)
Planning how to solve an ‘ENGINEER Problem’ (75.1%)
Learning about science in the ENGINEER unit (73.5%)

And noticeable differences in what they reported liking the least;
Writing down what they learned (53.5%)
Presenting what they learned to the class (56.5%).

Girls and boys both ranked the same 4 features of Engineering as the ones which they most liked.

Working with other pupils (girls 88.1%, boys 83.2%)
Solving the problem (girls 78.1%, boys 75.6%)
Carrying out your plan (girls 76.9%, boys 81.4%)
Learning about engineering (girls 74.8%, boys 75.6%)

This could suggest that there are no real differences in aspects of Engineering which children like
between boys and girls. However, the results for the girls were not as positive as the boys in three
guestions, these were:

Planning how to solve an engineer problem (girls 72.6% boys75.6%),
Carrying out your plan (girls 76.9% boys 81.4%),
Learning about engineering (girls 74.8% boys75.6%),

The percentage differences are small but do mark a difference between responses to other
guestions where girls were more positive (or the same in one case) than the boys.
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The results for ‘Did you like doing the engineering unit’ were 75.1% positive (a lot and a bit) over
the whole groups. Whereas only 7.1% said either they didn’t like it ‘much’ or ‘not at all’.

In terms of negative responses, whilst both girls and boys disliked ‘presenting what you have
learned to the class ‘ and ‘writing down what you have learned’ the most, there were also the
greatest differences in how they responded, which indicates that more boys disliked these features
than girls.

Writing down what you have learned (girls 55.3%, boys 47.8% - % difference 7.5%)

Presenting what you have learned to the class (girls 59.3%, boys 54.1% - % difference 5.9%).

In terms of children’s overall responses to what they thought they had learned about there were
high responses to most features:

Working in a team (84.7%)
Engineering (81.7%)
Making things (81.6%)
Science (80.5%)
Solving problems (79.8%)

However there were smaller percentages recorded for:
Planning a task (71.6%)
Explaining my ideas (69.8%)
Asking questions (67.9%)

In terms of gender, the greatest % differences between girls and boys reporting what they had
learned were for:

Solving problems (girls 81.8%, boys 75.3% - difference 6.5%)
Making things (girls 83.0%, boys 78.0% - difference 5.0%)

However, it might be argued that boys already felt that they knew more about solving problems and
making things and that involvement with the unit had not increased their learning in these areas.

2.2.6 Observations of pupils in classrooms

During their visits to schools during the outreach the evaluators noted the time spent by teachers
and children on different activities. Observations indicate that in most lessons children were
engaged in practical activities for large percentages of the lessons. The time allocated to children’s
activity was constrained by where the lesson occurred in the unit sequence. In one school the
children stated:

‘This is fun — | don’t like the writing in science’;

‘| like this because you can do your own not just follow instructions’;
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‘| enjoy this as | can do my own design’.

Data from observations in the classrooms indicate that children appeared involved in the project
and were engaged with the activities. Language constraints made it difficult for evaluators to elicit
more qualitative data on children’s views. However, in one classroom the evaluator noted
comments from children about what they had learned.

‘It was a project that brought us altogether and taught us a very important lesson, that we
cooperate well and we are altogether we can make everything happen’.

2.2.7 Summary

The data indicate that most pupils, prior to the pilot, had a positive view of doing science,
especially practical science in school. They generally consider it to be an important subject even
before doing the ENGINEER unit. They reported a view of science activity in the classroom that
involved practical work, possibly teacher directed rather than investigatory, and demonstrations by
the teacher but there are indications of much solitary work in science. Boys indicated that they had
a more negative view of school than girls, but the girls were less positive about enjoying science
and maths than boys.

The pupils reported more investigative type skills work as a result of the ENGINEEER unit. This
was supported by observation of sessions. Pupils indicated a much greater understanding of the
nature of engineering especially the design and make process. There was a shift in attitude in
views of who could be an engineer in boys and girls. Girls showed a particular change in
recognising that engineers could make life easier as well as awareness of the design and make
process. There was little change in the idea that they could be engineers themselves although
there were large differences locally in these figures indicating the complexity of such choices and
factors which affect these decisions.

The pupils reported much more working with their peers indicating a higher degree of collabora