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Abstract: Undergraduate education incorporating active learning and vicarious
experience through education outreach presents a critical opportunity to influence future
engineering teaching and practice capabilities. Engineering education outreach activities
have been shown to have multiple benefits; increasing interest and engagement with
science and engineering for school children, providing teachers with expert
contributions to engineering subject knowledge, and developing professional generic
skills for engineers such as communication and teamwork. This pilot intervention paired
ten pre-service teachers and eleven student engineers to enact engineering outreach in
primary schools, reaching 269 children. A pre and post longitudinal mixed methods
design was employed to measure change in attitudes and Education Outreach Self-
Efficacy in student engineers; alongside attitudes, Teaching Engineering Self-Efficacy
and Engineering Subject Knowledge Confidence in pre-service teachers. Highly
significant improvements were noted in the pre-service teachers’ confidence and self-
efficacy; while both the teachers and engineers qualitatively described benefits arising
from the paired peer mentor model.

Keywords: Active Learning, Teacher Training, Women in Engineering,
Peer Learning/Teaching, Science Education

1. Introduction

This paper describes the development and piloting of a model of collaborative active
learning in Higher Education (HE), through pairing student engineers and pre-service
teachers to mentor each other to deliver engineering education outreach activities.
Education outreach is one form of public engagement utilised by engineers (students or
professionals) to influence learning and attitudes in Science, Technology, Engineering,
and Mathematics (STEM) education (Jeffers, Safferman, and Safferman 2004; Fogg-
Rogers, Wilkinson, and Weitkamp 2014).

By engaging with schools and communities, engineers can increase children’s interest
and engagement with STEM subjects and also change their views of scientists and
engineers (Wilkinson and Sardo 2013), while teachers also value expert contributions to
STEM knowledge (Laursen et al. 2007). Attitudes at primary (elementary) school in
particular can influence later interest in STEM, especially for girls who develop their
gender identity and consequently the appropriateness of STEM as a career before
entering secondary school (aged 11 in the UK) (EngineeringUK 2015; Archer et al.
2012; Murphy and Whitelegg 2006). Several education outreach programmes have
shown specific improvements in children’s attitudes towards engineering (Louis
S.Callahan 2011; Stapleton et al. 2009; Molina-Gaudo et al. 2010), along with stable
(not declining) recruitment to local engineering HE programmes (Davis, Yeary, and
Sluss 2012; Martinez-Jiménez et al. 2010).
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Education outreach has also been found to benefit engineers themselves, enabling the
development of generic skills such as communication and teamwork, required in
professional environments (Pickering et al. 2004; Direito, Pereira, and Duarte 2012).
Alongside this, policy and funding changes are encouraging engineers to communicate
their work as part of the Public Engagement with Science (PES) agenda (RCUK 2010;
Stilgoe, Lock, and Wilsdon 2014; Palmer and Schibeci 2012) and the drive to widen
participation and diversity in engineering careers (Perkins 2013; EngineeringUK 2015).
As such, it is becoming increasingly important that student engineers gain opportunities
to practise their public engagement and education outreach skills within engineering
HE, before entry to the workplace.

1.1. Active learning through engineering education outreach

In this context, ‘active learning’ is used to describe educational approaches which
enable students to actively pursue learning outcomes; gaining a deeper understanding of
the skills and content required by “deliberately testing those models to determine
whether they work, and then repairing those that seem to be faulty” (Michael and
Modell 2003: p160). Active learning approaches have been found to improve
performance on STEM courses by increasing the understanding of content, developing
skills in critical thinking and communication, and correcting misconceptions which may
have arisen through traditional teaching methods (White et al. 2015; Freeman et al.
2014; Michael 2006).

We propose that engineering education outreach programmes enable engineers and
other participants, such as children and teachers, to experience active learning through
taking part in hands-on activities and problem solving, then later synthesising this
learning through further discussions and evaluation. Inclusion of education outreach in
HE engineering education programmes would enable student engineers to develop
higher-order thinking skills such as analysis, synthesis, and evaluation (Krathwohl
2002), alongside generic skills such as communication and teamwork (Direito, Pereira,
and Duarte 2012). We propose the key learning opportunity is provided by student
engineers being positioned as ‘experts’, communicating engineering concepts to
audiences less knowledgeable than themselves (children and teachers) (Pickering et al.
2004; Owen and Hill 2011). Alongside this, working with the community acts as service
learning (Duffy et al. 2008; Oakes et al. 2002), which enhances the employability of
student engineers through working towards professional codes such as the UK Standard
for Professional Engineering Competence (UK-SPEC) or professional status awards
such as Chartership (Owen and Hill 2011).

In the context of the primary school classroom ‘active learning’ for children is said to
develop from active engagement in the learning process (Hewitt and Tarrant 2015). In
this way children are able to engage in individual ways with the learning and use their
preferred way of thinking, resulting in shared meaning making and knowledge
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construction (Cooper 2014). The model of engineering education outreach used in this
project enabled children to move around, talk, use resources, and problem solve
collaboratively, therefore encouraging dialogic learning through the sharing of
experiences and understanding of STEM concepts throughout the Engineering Design
Process.

This is important for future STEM progression, as the way science is taught in primary
and secondary schools has been identified as a contributing factor in the declining
interest in STEM subjects at HE level, which is critical for continuation into many
STEM careers (Rocard et al. 2007).This lack of enjoyment and consequent low uptake
in HE has been variously ascribed to perceptions of the subjects as being difficult,
gender bias in curricula which are less interesting to girls, teacher expertise, and
pedagogical approaches (Rocard et al. 2007). An inquiry-led, active learning approach
can motivate learners and help them to achieve many of the end goals of science
education (Madhuria, Kantamreddi, and Prakash Gotetib 2012). However, in order for
such an approach to be successful, teachers need not only to have robust levels of
subject knowledge but to also have confidence in their subject knowledge (Chue and
Lee 2013).

1.2. Perceived self-efficacy in pre-service teachers and student engineers

Primary school teachers are seldom science or technology specialists; in the UK only
5% of primary teachers have a science related degree (Department for Education 2013)
leading to concerns over teachers’ science subject knowledge, particularly in the
physical sciences (Murphy and Whitelegg 2006; Royal Society 2010). Although subject
knowledge is not seen as essential for effective pedagogy, a lack of confidence and
understanding can result in didactic, ‘cautious’ teaching (Neale, Smith, and Johnson
1990) as teachers do not feel comfortable when teaching STEM subjects (Bleicher and
Lindgren 2005). . Conversely, improvements in teachers’ attitudes to a subject can lead
to a positive impact not only on children’s performance but also on their engagement
and enjoyment (Ofsted 2011). This highlights the importance of addressing and
positively influencing pre-service teachers by cultivating positive dispositions and
beliefs towards subjects such as science and engineering during their training (Jung and
Rhodes 2008), through opportunities to reflect on experience and practice in schools
(Flores and Day 2006).

The psychological concept of Perceived Self-Efficacy (PSE) is a way to measure this
belief of a person to in their own ability to perform specific actions, and it reflects a
perception of capability rather than measuring actual performance (Gonzalez,
Goeppinger, and Lorig 1990; Bandura et al. 2008). PSE is determined by innate
capabilities (Declerck, Boone, & De Brabander, 2006), personal performance, and
vicarious experience (Bandura, 1997), and can be influenced by experience of success,
social modelling, and social persuasion (Bandura, 2004). Studies have indicated a link
between PSE and teacher performance (Bates, Latham, and Kim 2011; Mcmullan,
Jones, and Lea 2012). Consequently, teacher PSE in science and engineering may well
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influence children’s attitudes, achievement, and motivations (McKinnon and Lamberts
2013), along with teachers’ willingness to adopt innovative teaching strategies, time
spent on teaching certain subjects, cultural competence, alternative conceptions of
science, and classroom management beliefs (Flores and Day 2006).

In parallel, higher PSE has been shown to be related to positive outcomes in studying
and pursuing careers in non-traditional fields, which is important for girls/women and
people from Black and Minority Ethnic backgrounds in engineering (Marra et al. 2009).
Research with successful people in STEM indicates that mastery experience was the
primary source of men's PSE beliefs, while social persuasion and vicarious modelling
are important for women (Zeldin, Britner, and Pajares 2008). We propose it is therefore
important for student engineers to both trial new experiences (experiencing mastery)
and watch peers do the same (experiencing social persuasion and vicarious modelling)
in order to improve PSE in engineering education outreach capabilities. In parallel,
teachers and children may improve PSE in studying STEM subjects, presenting a
critical opportunity to influence future capabilities for STEM teaching and studying
success.

2. Methodology

This pilot study aimed to evaluate any potential impact of a novel paired peer mentor
approach to engineering education outreach in primary schools, assessing if the pairing
of student peers undertaking active learning is of benefit and possible reasons why this
may be so. By pairing pre-service teachers (Initial Teacher Education — BA teaching
degrees) and student engineers (BEng and MEnNg), the aim was for the engineers to
mentor and improve the pre-service teachers’ subject knowledge confidence and PSE
for STEM subjects, while the pre-service teachers would mentor and improve
engineering students’ public engagement and communication generic skills, along with
their PSE for engineering outreach. Through delivery into primary schools, the
intervention aimed to improve attitudes and attainment in STEM for young children
aged 8-11 years, ultimately aiming to improve the age and gender mix of those
participating in engineering. See Figure 1 for a representation of the intervention
process. The following sections will describe the methodology of the intervention
design, and the evaluation protocols.

2.1. Paired Peer Mentors Intervention

Two international engineering education outreach programmes formed the basis for the
resources for this intervention, namely the US ‘Engineering is Elementary (EiE)’
(Cunningham 2009) and the European Union ‘brEaking New Ground IN the sciencE
Education Realm’ (ENGINEER) (ENGINEER 2015) projects. Both programmes have
been extensively evaluated and have shown that boys’ and girls’ perceptions of
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engineering and technology, their understanding of engineering, and their understanding
of relevant science, are greatly improved through participation (Lachapelle et al. 2010;
Cunningham, Lachapelle, and Hertel 2012). The programmes use context-based stories
about different engineering disciplines to enable primary school children (aged 8-11,
UK Upper Key Stage 2) to explore a problem and undertake inquiry-based science
education. As these programme resources have been shown to be effective, this current
project was able to focus on evaluating the impacts of pairing the student engineers and
pre-service teachers to deliver these resources.

2.1.1. Education outreach resources

This intervention utilised the EU ENGINEER design challenges which are freely
available on the project website (ENGINEER 2015). The EU ENGINEER programme
material was screened for modules which suited the skills of the student engineers at the
University of the West of England, Bristol (UWE) (Mechanical Engineering and
Aeronautical Engineering), while also appealing to primary school children at Key
Stage 2. Five key modules were chosen (Balance and Force, Electricity, High Flyers,
Mechanics, and Sinking and Floating) on the basis of the suitability for the curriculum
requirements of the schools involved in the project. The resources and teaching sheets
which are available on the EU ENGINEER website (ENGINEER 2015) were assembled
by the project team.

2.1.2. Intervention methods

Four local primary schools were recruited into the project; this gave access to ten
classes of primary school children. The project then aimed to recruit ten undergraduate
student engineers and ten undergraduate pre-service teachers at UWE; the project aims
can be seen in Table 1. Ethics consent was received from the University of the West of
England Research Ethics Committee. Notices were sent to all students in Year Two of
their courses, and short information seminars were given in lectures. Interested students
contacted the project team and were sent Participant Information Sheets; students who
subsequently volunteered for the project signed consent forms.

Following completion of the recruitment phase, an afternoon training session was
conducted by the project team, explaining the necessary project skills, and introducing
the student paired peer mentors to each other and the EU ENGINEER resources.
Initially the two groups of students were separated. The pre-service teachers were given
training about the Engineering Design Process and the role of engineers, and how this
could link to the UK science curriculum. During this time the student engineers
received training in education outreach skills when working with children, with a focus
on inquiry-based science education, using questioning as a tool for learning.
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The schools had previously chosen the EU ENGINEER challenge that they would like
their children to undertake based on curriculum demands, and the engineers were
matched to the schools/engineering challenge on the basis of this and their particular
field of expertise. The pre-service teachers were then paired with the school and student
engineer based on their preferred choice of EU ENGINEER challenge.

The next stage of the training was to outline the structure, purpose and plan for the
project to the whole group. The unit structure of the EU ENGINEER challenges was
explained, as well as the research processes and aims of the project. The pairs of
students then worked together on the EU ENGINEER challenges for approximately two
hours. During this time they were able to familiarise themselves with the materials and
work through the challenge. This enabled the student engineers and project leaders to
provide support to the pre-service teachers about the underlying science behind the
modules, and the pre-service teachers to provide support and to lead the planning for
how this would be taught and communicated to the children when in school.

The paired pre-service teachers and student engineers were then requested to meet
independently to further plan their lessons and teaching arrangements for the primary
school visits. The school visits took place over two consecutive weeks, with one full
day and one further half day spent in the classroom. The school work was observed by
the project team and supervised by existing primary school teaching staff to inform the
project. The school children and the paired peer mentors worked towards presenting the
results from their engineering challenges at a subsequent Researching Conference.

The final Researching Conference was held at UWE in the fourth week of the project,
and aimed to showcase research and cutting-edge engineering taking place in HE, thus
exposing the children to a university environment. The conference also enabled
feedback between children working in different schools at the end of the project. The
children presented their challenge outcomes in the scientific conference format (poster,
exhibition or table-top PowerPoint presentation), providing opportunities for them to
communicate their understanding of the scientific process. Their student paired peer
mentors were also present to provide feedback and support the children through this
process. A full toolkit of the timetable for this project has been published separately
(Fogg-Rogers, Edmonds, and Lewis 2015).

2.2. Study design

The evaluation was conducted as a pre and post longitudinal design over the length of
the project, with mixed methods data triangulated from the three participant groups
(student engineers, pre-service teachers, and children). School children also received
Participant Information Sheets and signed consent forms; participation was voluntary,
with data grouped and anonymised for reporting.
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2.2.1. Data collection and questionnaire design

The pre-service teachers and student engineers completed several questionnaires pre
and post their participation in the intervention. As well as questionnaires about their
prior experience, questionnaires were also designed to assess their PSE to carry out
several aspects of participation:

a)

b)

Project feedback questionnaires were designed to ascertain the demographic
particulars, prior experience, and attitudes (Likert quantitative scales) of pre-
service teachers and student engineers to the project. Open responses
(qualitative) were also invited to gain the participants own views about their
progression in generic skills such as communication and teamwork, and their
confidence in subject knowledge or engineering outreach.

Quantitative PSE scales were designed to assess the pre-service teachers’
PSE for their teaching of science and engineering i.e. their confidence in
their ability to teach these subjects to bring about favourable outcomes for
the children. These were named the ‘Revised Teaching Engineering Self-
Efficacy’ scale (TESS-R) (defined as the personal belief of teachers in their
abilities to positively affect children’s educational attainments in
engineering) and the ‘Engineering Subject Knowledge Confidence’ scale
(ESKCS) (defined as their personal confidence in their knowledge of
engineering as a topic). These were designed according to the principles
described by Bandura (2006) and based on questions from the STEBI-B
(Bleicher 2004) and TESS scales (Yoon, Evans, and Strobel 2012). The
TESS-R scale featured seven questions asking for agreement about
confidence in their engineering teaching skills rated on a 10 point scale; the
ESKCS featured eleven questions asking for agreement about confidence in
their engineering subject knowledge rated on a 10 point scale. Scale results
were determined by taking a mean of the ratings for all the questions to
produce one overall value per scale.

A quantitative PSE scale was also designed to assess the student engineers’
‘Engineering Outreach Self-Efficacy’ (EOSS) (defined as the personal belief
of engineers in their abilities to positively affect children and teachers’
learning (including interest and attitudes) in engineering). The questionnaire
was designed following the principles described by Bandura (2006) and
based on questions from the TESS scale (Yoon, Evans, and Strobel 2012).
This scale featured 12 questions asking for agreement about confidence in
their education outreach skills rated on a 10 point scale. The scale result was
determined by taking a mean of the ratings for all the questions to produce
one overall value for the scale.
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Reflective diaries following the training sessions and experiences in school were also
invited to capture qualitative responses to the overall project, their partner’s
participation, and the children’s reaction to the project. School children provided
feedback on the project, their attitudes to STEM subjects, and attitudes to engineering as
a career, using pre and post paper questionnaires administered in the classroom; this
data will be reported elsewhere.

2.2.2. Data Analysis

Quantitative questions were analysed using descriptive statistics in Microsoft Excel and
then analysed where appropriate using non-parametric statistical tests in SPSS v10. The
questionnaire responses from the student engineers and pre-service teachers were
compared with Mann-Whitney U tests, while the respective PSE scale results from the
student engineers and pre-service teachers were compared over time (pre and post)
using Wilcoxon Signed Rank tests. Qualitative responses were analysed separately by
two of the project researchers using Thematic Analysis (Braun and Clarke 2006) in
QSR nVivo 10. Using a process of inter-coder constant comparison, thematic
hierarchies were combined so that the responses from the pre-service teachers and
student engineers could be triangulated into one coding frame.

3. Results

3.1. Participant Characteristics

Eleven student engineers were recruited to the project, all from Year Two of their
courses. Seven of the engineers were undertaking BEng degrees in Aeronautical
Engineering, while four were undertaking BEng degrees in Mechanical Engineering.
Two of the students were female. The students were from a diverse mix of ethnic
backgrounds. These results can be seen in Table 3. None of the students had undertaken
public engagement in schools before, and only two had taken part in any other form of
public engagement (departmental open days). Less than half of the engineers (45%) felt
‘fairly well equipped’ to undertake public engagement. One of the students did not
complete post questionnaires but his qualitative data is still included.

Ten pre-service primary teachers were recruited to the project; all were enrolled in a
three year Initial Teacher Education (ITE) undergraduate degree. Nine were in their
second year of study and one was in their third year; all were female. They had received
training on scientific thinking and process as part of their first year studies and were
also undertaking further science knowledge and pedagogy courses as part of their
second and third year studies. Roughly half of the participants had opted to take a
further module specialising in maths and science in their second year, with the others
specialising in Special Educational Needs, Art and Design, Languages and also Steiner
Education. All had at least two months’ previous teaching experience in a primary
school setting. These results can be seen in Table 3.
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Four schools were recruited to the project, each involving a variety of classes and
numbers of children; in total 269 school children were involved in the project. These
results can be seen in Table 4.

3.2. Overall feedback

There were no significant differences between how the student engineers and pre-
service teachers rated the project — all rated that overall it was a success. In examining
how well the project ‘met their needs and expectations’, student engineers rated the
project (mean) as 4.2 out of 5 (SD = 0.8), while the pre-service teachers rated it as 4.6
out of 5 (SD = 0.5) with no significant differences (Significance level taken throughout
as the 0.05 threshold; here p=0.09). Overall the cohort mean rating was 4.4 out of 5
(SD = 0.7). Enjoyment of the project (M = 4.5, SD = 0.6) and the usefulness of working
with a partner (M = 4.9, SD = 0.4) were rated particularly highly, as can be seen in
Figure 2. The proportion of student engineers who thought they were now ‘fairly well
equipped’ to undertake public engagement following the intervention rose from 45% to
64% - this was a 42% increase. Additionally, 70% (N = 7 out of 10) of the engineers
indicated that they thought they are now likely to be ‘more active’ in public
engagement.

Qualitative data indicated that the engineers were motivated to take part in the project as
they saw it as a way to improve their communication skills for their future career. They
also reflected about how much they had learnt through being forced to communicate
their engineering disciplinary knowledge at a simple level.

Engineer 6: | found this project to be tremendously enjoyable and challenging; it
forced me to re-evaluate my understanding of mechanical principles so that |
could break the subject matter down into lessons that make sense to people.

Engineer 8: | thoroughly enjoyed myself during this project. It made me realise
that teaching isn't an easy job and how much effort is required to plan even an
hour of teaching. Also it was a great experience to work with school students
and | got an insight into their idea of engineering.

Engineer 3: Acquiring new skills. Inspire the younger generation into
engineering. Improve my CV and chances of employment.

The engineers also reflected on the need to inspire younger generations about the
possibilities and potential offered by engineering; as both a STEM subject and as a

potential career open to everyone.

Engineer 9: I've really enjoyed this project because not only did | feel like | was
teaching a class, | felt like | was teaching a generation.
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Engineer 4: | think it is important children understand what engineering is, so
that they don't miss the path to a future they may have wanted.

Engineer 2: The objective of the project is good, as more children could be
inspired to go into something engineering/science based.

The pre-service teachers reflected on how the project enabled the children to experience
engineering and its application in real life. They indicated that they enjoyed
participating in the project, found it rewarding in terms of their own learning, and also
felt it would have an impact on their future teaching.

Teacher 3: | feel the Engineering Design Process is a useful model to base my
teaching on. I think that it is very good for children's development and learning
in science, as science should be practical.

Teacher 7: | am excited and confident that | can effectively give pupils
motivation. It is an interesting and engaging way to teach science.

Teacher 9: | feel now that | would be able to teach an engineering session using
the resources available (e.g. plans) through this project, linking to the National
Curriculum.

3.3. Paired peer mentor model

The quantitative data indicated that working in a partnership was rated as one of the
most rewarding aspects of the project (M = 4.9 out of 5, SD = 0.4). The qualitative open
questions and reflective diaries provided further insights into why this was so; namely
that the paired peer mentoring enabled active learning between the partners. As the
student engineers and pre-service teachers had complementary skills and knowledge,
they were able to exchange these with each other and learn from the other’s expertise.

Teacher 4: | think the combination of pairing engineers and teachers for this
activity works well.

Engineer 10: Working in a pair was very helpful. There were instances where
my engineering knowledge was necessary to speak to the class and equal
instances where my partner helped knowing how to speak to the children,
control the class etc.

Engineer 4: It was interesting working with a partner student; | haven't done this
before whilst at university. If | were to have taken the class by myself it would
have been very stressful; by working in a pair we are able to lean on each other
and give ourselves the chance to breathe a little.
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The student engineers indicated that they appreciated working in partnership to learn
from the pre-service teachers’ organisation and communication skills, thereby
developing their generic skills.

Engineer 6: | was given advice on talking to the children in a manner that they
can engage with, for example being careful with my vocabulary and using
smaller succinct sentences.

Engineer 2: My teaching partner and | were very happy with the whole
experience. Teaching partner was excellent at encouraging the class, and making
sure the day was going to schedule.

In parallel, the pre-service teachers asserted that they had benefitted from the student
engineers’ subject knowledge, through sharing knowledge with an ‘expert’ peer.

Teacher 10: It was useful having an engineer during certain aspects of the
teaching lesson, as he was able to explain the scientific terms regarding forces
like: lift, weight, mass and thrust. He also supported the children’s knowledge
during the testing stage as he would say to the children whether more/ less
weight needed to be added.

Teacher 9: | was very relieved to have my partner in the classroom when the
children started to ask questions.

Teacher 2: My partner and | worked well together and | felt that it helped
because it meant that as he was an engineer, any knowledge needed to help
describe the activity could be shared; so | would explain the task and what
would need to be done and he could go into more detail about some of the
technical parts.

Teacher 7: | found it very interesting and also beneficial to learn and also to
work with an expert.

3.4. Perceived self-efficacy and subject knowledge confidence

The mean Education Outreach Self-Efficacy scale (EOSS) value for the student
engineers did not significantly change over the course of the intervention (observed test
value is reported as Z throughout; here Z = -0.48, p= 0.64). Before the project the mean
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PSE value was 7.9 out of 10 (SD = 1.2) and following the project the mean value was
8.0 (SD =1.1).

The mean Teaching Engineering Self-Efficacy (TESS-R) value for the pre-service
teachers significantly increased over the course of the intervention Z = -2.81, p= 0.005;
before the project the mean PSE value was 4.1 out of 10 (SD = 0.9) and following the
project this had increased to 7.8 (SD = 0.4).

The mean Engineering Subject Knowledge Confidence (ESKCS) value for the pre-
service teachers significantly increased over the course of the intervention Z = -2.81, p=
0.005; before the project the mean value was 3.3 out of 10 (SD = 1.8) and following the
project this had increased to 7.3 (SD = 0.9). All these results can be seen in Figure 3.

Analysis of qualitative data revealed that confidence in their subject knowledge was a
commonly occurring theme amongst the pre-service teachers. Prior to the intervention,
the pre-service teachers indicated a lack of confidence in their science and engineering
subject knowledge.

Teacher 7: | am anxious about subject knowledge, how in depth could I answer
questions.

Teacher 10: | need to gain more experience in teaching science so I know how to
better answer questions.

Teacher 5: | am excited but apprehensive about certain concepts arising that |
may not be so confident answering.

Teacher 9: | enjoy teaching science, however a lot of questions arise that need a
lot more subject knowledge than | have.

Following the project, qualitative data from the pre-service teachers reinforced the
quantitative data, and indicated an increase in their confidence about their engineering

subject knowledge and their PSE to teach STEM subjects.

Teacher 1: Much more confident with knowledge and having a successful
engineering lesson.

Teacher 9: This project has made me more confident in my subject knowledge
and explanations in terms of engineering.

Teacher 2: | think that by following the Engineering Design Process | will be
confident enough to teach it to my primary age children.
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Teacher 3: | feel excited and much more confident. | think inquiry based
learning makes it much more accessible and contextual to children's learning.

In Figure 4 the relative sizes of the words relates to the frequency that they were
selected by the pre-service teachers to report their feelings towards the teaching of
science and engineering. It appears that initially this was seen as fascinating and
challenging but also frightening, complex and in some cases daunting. After
participation in the project, teaching science and engineering was still viewed as
challenging but this was not so dominant, with words such as exciting, rewarding, and
important also being highly favoured. Indeed, 80% (N = 8 out of 10) of the pre-service
teachers who participated stated that they would undertake similar work with children in
the future.

4. Discussion

This paper describes the pilot evaluation of a new model to incorporate service and
active learning about engineering education outreach into engineering and pre-service
teaching undergraduate HE courses. Utilising existing outreach resources (ENGINEER
2015) meant that the intervention focussed on evaluating the benefits of pairing student
peers, with the aim of student engineers mentoring pre-service teachers in engineering
subject knowledge, and pre-service teachers mentoring student engineers in generic
skills such as communication and teamwork.

4.1. Active learning through engineering education outreach

The student engineers and pre-service teachers reviewed the project positively, rating it
highly for enjoyment and for meeting their needs and expectations. The student
engineers qualitatively stated that they had learnt a lot about teamwork and
communication through participation in these hand-on activities. An unexpected benefit
was also found in communicating disciplinary engineering concepts to less
knowledgeable audiences, as the engineers indicated that it actually consolidated their
own learning. Indeed, the student engineers were positioned as engineering experts
within the paired peers and classrooms, which proved to be a vital active learning
experience. The student engineers did not show an improvement in their PSE for
engineering education outreach; however as these participants volunteered for the
project, they may already have had high levels of PSE for education outreach and public
engagement.

The engineers did show an improvement in their perceived level of skills, with a 42%
increase in the proportion who felt they were now ‘fairly well equipped’ to undertake
public engagement; over two-thirds (64%) of the engineers gave this rating following
the project. Additionally, 70% of the engineers indicated that they thought they are now
likely to be ‘more active’ in public engagement; while the remaining 30% indicated
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they would continue at the same level of engagement. It is assumed that the participants
were already interested in public engagement as they volunteered for this project, so any
improvement in perceived skills and interest has been taken as a success.

This indicates that the project provides both mastery experience and vicarious
modelling (Bandura 1997) which are important for men and women’s respective PSE
and subsequent success in STEM (Zeldin, Britner, and Pajares 2008). Consequently the
intervention may boost engineers’ generic skills and involvement in public engagement
throughout their career (Pickering et al. 2004; Direito, Pereira, and Duarte 2012),
contributing towards societal aims to improve understanding and attitudes towards
engineering (National Coordinating Centre for Public Engagement 2010;
EngineeringUK 2015; Engineering Professors’ Council 2014).

There were highly significant increases in the pre-service teachers’ engineering subject
knowledge confidence levels as well as PSE for teaching engineering following the
intervention. Bandura (1997) suggests that PSE may be most amenable to change during
early learning; indicating that teachers’ beliefs and PSE are therefore potentially the
most susceptible to influence and change during their initial training (Flores and Day
2006). Participating in this intervention early in a teaching career could be crucial in
shaping dispositions towards STEM subjects and engineering careers in the future; with
improved PSE and subject knowledge being linked to improved teacher performance
(Bates, Latham, and Kim 2011; Mcmullan, Jones, and Lea 2012). Woolhouse and
Cochrane (2009) suggest that teacher professional development which provides a sound
grounding in subject specific knowledge but also actively engages individuals with their
training benefits the teachers, their school children, and the schools, and changes
teachers’ attitudes towards their teaching. Indeed, 80% of the pre-service teachers in
this study stated that they would undertake similar work with children in the future.

4.2. Paired peer mentor model

The paired peer mentor model was rated very highly in the project feedback.
Qualitatively, the student engineers stated that they had learnt from the organisation and
communication skills of the teachers. They were also proud to have passed on some of
their science and engineering subject knowledge and enthusiasm to the pre-service
teachers and children, which they felt would influence future generations, as indicated
in other literature (Fogg-Rogers, Wilkinson, and Weitkamp 2015). The paired peer
mentor model was also positively reviewed by the pre-service teachers, with many
qualitatively stating that they had learnt from the science and engineering subject
knowledge of the engineers. Many of the pre-service teachers thought that this ‘expert’
knowledge had also benefitted and influenced the children in their class.

It would thus appear that the collaborative ‘paired peer’ element has been a significant
factor in the success of this pilot project. Peer coaching, such as that used within this
study, may have a great impact as it discourages practitioners from working in isolation
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and instead encourages discussion (Van Driel, Beijaard, and Verloop 2001); which is a
key component for active learning. Collaborating with an ‘expert engineer’ whilst
working through the EU ENGINEER materials appeared to open up dialogue for the
pre-service teachers about not only the Engineering Design Process involved but also
the science behind the project, enabling active learning to boost their confidence in their
subject knowledge and PSE to teach engineering. The positive impact of collaborative
work may also emerge from the emotional support that peers provide (Mintzes et al.
2012). Van Driel et al (2001) noted that professional development for teachers may be
particularly effective when conducted with peers rather than through a top down
approach. It may therefore be that it is not only the ‘paired’ element of this work which
is important but also the ‘peer’ element.
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4.3. Limitations

Despite the potential positive impacts that participation in the pilot project may have
brought to the pre-service teachers and student engineers, there must remain a note of
caution. Due to the low numbers involved, our findings should be addressed with
caution and it may be that a longer-term and larger scale programme and evaluation
would be needed to potentially bring about significant and long-term change in student
engineers’ and pre-service teachers' practical knowledge and PSE. Indeed, it cannot be
assumed that changes in confidence in subject knowledge or PSE will have led to
improved pedagogical knowledge for pre-service teachers and it must also be
remembered that inconsistencies often occur between teachers' expressed beliefs and
their behaviour in the classroom (Van Driel, Beijaard, and VVerloop 2001). Other
embedded factors in the project may have contributed to increasing teaching
participants’ overall teaching confidence; peer support, social interaction, positive
feedback from the children, increased security in subject knowledge, collaborative
planning, use of materials, and engaging in reflective activities. It must also be noted
that perceived improvements cited by the student engineers to generic skills such as
communication and teamwork were self-reported, and were not verified externally or
quantitatively. It would be interesting to repeat this pilot evaluation with a larger cohort
of participants over a longer period of time to verify the results.

5. Conclusion

This pilot paired peer mentoring model of engineering education outreach in primary
schools appears to have been a successful active learning experience for both the
student engineers and pre-service teachers involved. The highly significant
improvements in pre-service teacher PSE and subject knowledge confidence for
engineering indicated a potential positive improvement in teacher performance for their
future careers, and consequently future improvements in children’s attitudes and
attainment in STEM. Qualitative data indicated that student engineers improved their
communication and teamwork soft skills through active learning during education
outreach.

It would appear that working alongside a peer with complementary skills and expertise
Is an important factor in enabling these benefits. Engineering education outreach
focussing on mentoring pre-service teachers is therefore valuable for engineers to
influence societal attitudes and attainment in STEM, alongside improving their own
generic skills for career development. A toolkit of the resources and methods used has
thus been created for other engineering HE courses (Fogg-Rogers, Edmonds, and Lewis
2015). We conclude that the paired peer mentor model is therefore worthy of further
research to investigate the incorporation of this active learning intervention into HE
undergraduate curricula.
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Table 1: Aims for the Paired Peer Mentor Project

Paired Peers

Aims

Student
engineers

Share their expert knowledge through collaboration with pre-
service teachers who may not have a science or engineering
background, enabling improved future teaching of STEM.
Develop creative activities that enable them to communicate in
new ways (adapting complex specialist knowledge), and to reach
new audiences in engineering public engagement (primary
school communities).

Change attitudes and attainment in STEM for Key Stage 2
children, ultimately attracting more young people, particularly
girls/women and those from BME backgrounds, into
engineering.

Pre-service
teachers

Gain increased awareness, understanding and confidence in
STEM subjects through working with the paired engineers,
enabling future exciting and relevant learning opportunities in
their professional classrooms.

Develop creative activities to provide learning experiences for
Key Stage 2 children in engineering, enriching the STEM
curriculum.
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Table 2: Coding Framework for Analysis of Qualitative Data from Student Engineers
and Pre-Service Teachers

Theme Code References

Personal Improved skills 16
development

Opportunities for further engagement | 3

Reflections on ENGINEER materials (not covered in | 25

the project this paper)

Paired peers’ enjoyment 17
Working in Comments on the engineers 12
partnership

Comments on the partnership 19

Comments on the teachers 11
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Table 3: Characteristics of the Students Involved in the Paired Peer Mentors Project

Student Specialism Age Gender Ethnicity
Engineer 1 Aerospace 21 Male Indian
Engineering
Engineer 2 Aerospace 22 Female White British
Engineering
Engineer 3 Aerospace 26 Male Any other mixed background
Engineering
Engineer 4 Mechanical 24 Male White British
Engineering
Engineer 5 Mechanical 21 Male White British
Engineering
Engineer 6 Mechanical 28 Male White British
Engineering
Engineer 7 Aerospace 21 Male Any other mixed background
Engineering
Engineer 8 Aerospace 20 Female Indian
Engineering
Engineer 9 Aerospace 22 Male Any other mixed background
Engineering
Engineer 10 Mechanical 21 Male White British
Engineering
Engineer 11 Aerospace 21 Male Any other black background
Engineering
Teacher 1 Steiner 19 Female White British
Teacher 2 Art and Design 20 Female White British
Teacher 3 Steiner 28 Female White British
Teacher 4 Maths and 23 Female White British
Science
Teacher 5 Humanities 22 Female Any other black background
Teacher 6 Maths and 20 Female White British
Science
Teacher 7 Language and 34 Female Any other mixed background
Literacies
Teacher 8 Maths and 19 Female White British
Science
Teacher 9 Maths and 20 Female | Any other mixed background
Science
Teacher 10 Maths and 19 Female White British
Science
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Table 4: Characteristics of the Primary Schools Involved in the Paired Peer Mentors

Project
School Class Number of | Type of School EU ENGINEER
Year Pupils Module Undertaken
Group
School 1 6 50 Suburban Electrical engineering
6 Academy Primary
School 2 6 39 Urban Mechanical - Adapted
Community opening bridge
Primary School
School 3 5 152 Urban Aeronautical - Flight
5 Community
6 Primary School
6
School 4 6 28 Suburban Floating Platform
Community

Primary School
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Figure 1: The Paired Peer Mentors Project.

Student engineers

Year 2 BEng/MEng -| Recruitment of participants |_

Four primary
schools:

10 classes at
Key Stage 2

!

Pre-service teachers

Year 2 ITE BA

Paired Peer Training Session
Half day mentoring in:
* Education Outreach (Student engineers)

» Engineering Design Process (Pre-service teachers)
» EU ENGINEER Challenges (Paired peers)

!

Education Qutreach in Schools
1.5 days to carry out the
EU ENGINEER Challenges

!

Researching Conference
Half day presentation:
* Children’s Challenge results
» HE engineering research
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Figure 4: Words Used to Describe Teaching Science and Engineering by Pre-Service
Teachers
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