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Introduction

As we move through the second year of the Engingethe Future Project we are
circulating this third edition of our Newslettefhere is a lot to report.

If you would like a copy of our previous newslestarr if there is anything in this
Newsletter to which you would like to respond or which you would like to
comment or about which you wish to obtain furtirdoimation, please contact:

Elsa Ekevall or George MacBritle
Engineering the Future
Department of Educational Studies

University of Glasgow
St Andrew’s Building
11 Eldon Street
Glasgow
G3 6NH

0141 330 8204
e.ekevall@educ.gla.ac.uk
g.macbride@educ.gla.uk
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Engineering the Future

Engineering the Future is a 3-year project fundedabmajor grant from the

Engineering and Physical Sciences Research Cowhaih is exploring new ways of

bringing together schools and universities to:

. enhance awareness of engineering as a professtbmand beyond the school
community

. promote enthusiasm for engineering among schodlpup

- increase the numbers of young people embracingieadng as a career

- develop very good teaching of it in both schoold aniversities

Founded on models of transformational change ajreadoractice within Scottish

education, EtF is exploring innovative means of alleping a sustainable and

transferable model of activities which encouragang people to study engineering

and support them as they make the transition frohoa to university. EtF is

working with researchers, policy makers, practgiaand the industrial community

to:

- identify key skills, mind-sets and dispositions de@& by engineers to face
changing demands through their working life

- provide experience of engineering activities witb@ool classrooms

« support students’ motivation and learning acrogsgthool-university transition
and into studying in university

. develop pedagogy in university which challenges sumgports students to extend
their prior knowledge, skills and dispositions ttbme successful engineers

. embed these developments within national curriculuassessment and
gualifications policies and practice.

The reasons for relatively low numbers taking ug eampleting engineering courses
are likely to be complex, but one significant pevhlis the lack of understanding at
the school university interface. A central aspeicthe work of the project is the
development of collaborative networks of school amaiversity staff. Using
Electrical and Electronic Engineering (EEE) as latpmtudy, the project will enable
staff and students from schools and universitiesdok together to create exciting
and innovative programmes for school pupils, suigabby world leading engineering
research groups. Both face-to-face and on-lineaot®n will be involved and the
development will include staff development oppotties for school teachers. In
universities the focus will be on collaboration medesign first and second year
university programmes so that they build on youeggbe's prior experience.

There are two areas of parallel activity. One fesuson developing better
understanding of contemporary engineering througfraeced partnerships between
schools and universities (local and national). ®otler promotes and sustains better
understanding of engineering through engagemert oical and national policy
communities. The project uses collaborative wayswofking that, according to
research evidence results in real, valuable andisasle change.



School Developments

Where did we get to last year?

Our last newsletter provided descriptions of thgimeering related curricular inserts
which had been developed for science and physizses from S1 through to S6. For
reference there follows a note of the inserts wipatinerships developed last session.
If you would like fuller information on these insgiplease do not hesitate to ask for a
copy (electronic or paper) of the last newsletter.

S5/56

Holy Cross High School (Brian Smith, Linda Glancy, John Burns)
Strathclyde University (Roy Chapman, Tony Gachagan, Tony Mulholland)

The S5/6 Higher Physics Electricity and Electronics Uniiwas the area selected for
development. The activities identified within tiitg development were:

» the out of balance Wheatstone Bridge

» relationship between peak and r.m.s voltage

» relationship between frequency and current in a reistive circuit

» smoothing, op-amp saturation and calibration of aignal generator.

Lanark Grammar School (Gerry Paterson, Aline Wilson)
Glasgow University (Catrina Bryce)

Here the focus was dd6 Advanced Higher Physics Two Practical Investigation
units were developed. The first required candidatesiiilmaestigation on theSpeed

of Light to measure using (i) Foucault’s method, (ii) an electronic ity technique
and (iii) measurement ofy and p and insertion of these values into Maxwell’s
equation ¢ = 1/ Veop and to compare/evaluate their final results. Fa other
Mobility of Charge Carriers Investigation, 2 different methods were employed
using the characteristics of a n—channel Mosfendistor and then by examining the
Hall Effect in an n—Ge semiconductor.

S3/54

Dollar Academy (Deborah Keys, Pamela Webster)
Strathclyde University (Gordon Hayward, I van Andonovic, Walter Galbraith)

The main focus of development was the creatioraafiew S3/S4 ‘compressed
course’ in which pupils would be taught 3 certificate cagsn 6 lessons per week
during S3/S4 rather than in the 9 lessons normelpected. The new course
integrates Physics, Economics and Technologicali&UuPETS). The intention was
to streamline the teaching of Physics and Techmncdb&tudies with the possibility of
freeing up teaching time to run additional actestiand to organise trips and speakers.
the integrating theme is that of reducing environtakimpact of our activities.



Belmont Academy (Douglas McNeil, John McLellan, Ross McMahon)
Glasgow University (Tim Drysdale)

The school explored building engineering links i@ S3/4 Telecommunications
and Electronics units Given the central role of electronics in modengineering
the main focus has been on this topic. A ProjectL&Ds and photodiodes was
introduced into this unit which afforded S3/S4 psipppportunities to use a wide
range of equipment including signal generators, €§REDs, coloured filters, fibre
optic cable and a parabolic reflector.

S1/52

Balfron High School (Roy Pearson, Phil Slavin)
Strathclyde University (Gareth Pierce, Craig Michie, Martin Judd)

The decision was made to develop a projectsBam Detector & Ultrasonic
Propagationin which each pupil builds a device using a tragsdwo monitor sounds
inaudible to humans in order to track bats. Thsoives construction of the
hardware, using the device to investigate the patfiultrasound, using the device to
survey a local bat population, working in groupsd amrking out of school.

St Aloysius College (James Cluckie)
Strathclyde University (Stephen McArthur, Phil McGlone)
Glasgow University (Phil Dobson)

An Electronics Module based on thélars Rover was developed fo62 pupils
which could also be used with Intermediate 1 on&sad Grade pupils in S3/4. The
outcomes tie in with existing guidelines. It isacicteristic of engineering in that it is
solution-oriented, adopts a systems approach, maesimulation and requires team
work. The problem is based on a real situationrairdors the reality of professional
engineering. Motivation is enhanced in that tleneng is driven by a particular need
and pupils are given specific responsibilities.eTéarning is experiential, the pupils
have responsibility and the principles of teamwark addressed explicitly. Many
learning styles are provided for and the very opeded nature of the project supports
adaptation and extension.

Williamwood High School (Lyn Robinson, John Brown, John Honeyman)
Strathclyde University (Campbell Booth, Brian Stimpson)

The project is designed around Bnergy / Electricity topic for S1 pupils to fill a
gap in current provision. Because at present tisen® teaching of microelectronics
at this stage a project in this area would be kklpfPupils learn first hand in a
practical way how to solve problems relating to leosecurity. They learn about
basic input-process output systems and the usert#i electronic components as the
basis for many different systems. The basic see&to build a security system for
a room incorporating several different methods efedtion and different alarm
systems. This builds on pupil interest in crimev@ntion and detection (CSI) and
introduces them to aspects of modern technology.



Involving new schools

In our last newsletter we reported that Engineethrg Future had welcomed three
new schools as partners. One is in East RenfresvgWilliamwood High School)
and two are in Dumfries and Galloway (Dumfries Aeaay and St Joseph’s College).
Since then we have been approached by Woodfarm Bigiool (also in East
Renfrewshire) with a view to participation: and ¥tmodfarm is now one of our
partner schools.

Sadly due to staffing pressures Belmont Academiyinhas had to withdraw from
active participation this session. We look forwardheir return next session.

Trialling

Each of these inserts briefly described aboveiisgoeialled both in the school where
it was developed and, in some cases, in anotheokulithin the Project.

Developments this session

In addition to trialling inserts, school partnepshhave also set themselves the task of
developing new inserts this session. These agaierall stages of secondary school
and a wide range of engineering related experiences

S5/56

Holy Cross High Schoalecided that they would like to extend the teaglipproach
they had developed to ttigher PhysicsRadiation and Matter unit over the next
two years. In the current session they are exgiafie possibilities for engineering-
related activities associated with this Higher Rtg/dopic 3, specifically activities
involving photo-diodes and solar cells, measurimg wavelength of an ultra-sound
transmitter and engaging, practical applicationSIGfSFETS.

S3/54

In Balfron High Schogl the intention is to expand last session’s ‘batecter’
development to provide opportunities for S3/S4 [sufw work onultrasound and
reflection. The school is experimenting with sonic tape mess individual
ultrasonic effects, lensing effects and car remgrsystems. It is hoped to hold a
whole schooldedicated engineering day The school’s wind turbines are now in
operation and their effectiveness is being monitor&nother science teacher is
currently running a Curriculum for Excellence dehent with S1 involving them
in investigation of alternative energy sources|uding solar, wind and tide systems.
A cross-curricular geography-physics unit on hytfogicity is being used with S1



pupils. Finally a further engineering activityti,e SSERC ‘Pimp my Trolley’ activity
which looks at car safety, asking pupils to desigrrumple zone for a trolley;
measurement will be done using a wireless acceleterm This sits within the
Standard Grade Physics transport section.

St Aloysius' Colleges developing activities related tadioactivity and nuclear

physicsassociated with the Intermediate 2 Physics couf$e engineering activities
are based on chain reactions, building a radiadietector, nuclear plant simulator,
advantages and disadvantages of nuclear powedispdsal and storage of materials.

Williamwood High Schoolare developing activities involving S3 pupils in
collaborative investigation ofhidden circuits’ in ‘black boxes’ with clear
engineering functions and applications. This isaded within the electronics section
of the course. Pupils will be provided with sixostd boxes containing a potential
divider with equal resistors, a potential dividethwesistors in 10:1 ratio, a resistor
and capacitor in series, a diode to give half wawatification, and a MOSFET circuit.
In each box the circuits are in a different orddtupils are given a list of desired
outcomes and have to identify which circuit canused to produce each outcome,
having available low voltage AC and DC inputs, wadters, ammeters and hand-held
oscilloscopes.

S1/52

Dollar Academy'suniversity partners are working with the schootlevelop an insert
for use in an S1/SZommunications unit; this will involve pupils being sent
messages to their iPods from plants that requireenva; senior pupils will write
some of the software. Dollar Academy will also bwalving S2 pupils in an
engineering challenge

Dumfries Academiras developed an engineering-based unit of wdaktee: towind
turbines. The school are using a wind turbine kit from MRJThat takes 2/3 weeks to
complete. The challenge is to find a design camégon to produce as much power
as possible.; pupils can change the angle, nummertype of blades and measure
power through a voltmeter and an ammeter. Thgeisn the context of the Energy
section of the S1 course where the course book usdddes work related to
renewable energy sources (wind turbines, bio-fiselgr power, fuel cells).

Lanark Grammar Schoohas developed angineering challengewith an enterprise
link involving all S1 pupils in the construction ériesting of bridges within their
science classes, the winners going on to a finkldly event where they will use
K’'nex to design and build a fairground attractioithwhelp from S5/S6 pupils. A
professional engineer will be involved in judgifg toutcomes.

In St Joseph’s Collegthe focus is on S1. The partnership is developimgdio
project to fit in with the S1 telecommunications topic.upits build a radio with
everyday materials such as toilet roll tubes, efysarphones, diodes, terminal blocks,
breadboards, aerials, lemon batteries and capscitor



Woodfarm High Schoads focusing on S2. The development involves ctecwith
three different input systems: LED. LDR, thermistoeach should firstly involve
pupils in an investigation of the impact of varyittte input which would include
recording and analysis of results; each should fiexide pupils with an application
to investigate. In the case of the LED investyaticentres on the relationship
between current and voltage for three differenverd; the application involves pupils
developing a flashing LED which would trigger flasipin a receptor. In the case of
the LDR, input voltage to the bulb which was prangllight to the LDR is used as a
surrogate for light intensity; pupils note the effef varying this voltage; a saturation
test could be considered; the application will gt controlled lamps. For the
thermistors the relationship between temperatucerasistance in the circuit will be
investigated; the application will focus on thefeliénces in temperature within a
frankfurter or similar as it was heated.

Careers Education

Information provided by school pupils and universistudents through their
guestionnaire responses raised concerns about #ys w which young people
develop their understanding of the requirementsaoéers in engineering. There were
several aspects to this.

Of the school pupils who had completed questiaesa®6% had received advice on
subject choices from some source. The importaet @6 guidance colleagues (and
other senior staff) in school is evident; even mabbgious is the key role of family
and/or friends; and just as obvious is the limitecbllection of any input from careers
advisers. Proportions of pupils across stagesgatich advice were:

- careers advisers (17%)

- senior/guidance staff (54%)

- other teachers (3%),

- other sources [e.g. internet] (25%)

- family/friends (86%)

It was similarly obvious from the responses suppbyg year 1 university students that
many of these had received much of their inforrmafiom parents and family and
comparatively little from careers advisers; a cdesible number had received
encouragement to study engineering because a pareother close relative was
employed in the engineering industry.

The comparatively limited impact of careers adwdseay reflect the current form of
careers education in schools. Staff in schoolsicoad the view held by members of
the team that the philosophy that underlies caredusation in Scotland’s schools is
one that seeks to empower young people by expeatidgsupporting pupils to take
responsibility for identifying their needs and imst and then responding to their
expressed views by pointing them towards sourc&g@fmation.

In the context of engineering there are weakneisstgs approach. Firstly pupils do
not start with positive or even accurate imagesvbat engineers do; this contrasts



with the position of such career areas as mediomthe law. Further very many

adults and young people in our society hold lingitstereotypes of what engineers do
which provides a barrier to further investigatidnemgineering as a career. Thirdly
many parents do not have immediate experience gihearing occupations; those

who do have such contact provided young people wwihitive messages about
engineering as a career; those who did not hasethssociations presumably all too
often shared the prejudices held by many. Becpupés are rarely directed towards
information on any particular career unless theyehexpressed an interest in it, given
these barriers to an interest in engineering, feung people are likely to be provided
with information on this career.

The impact of this is exacerbated by careers educataterial which unfortunately
confirms the stereotype of engineering held by mangur society. This operates at
various levels. A widely used careers pack aintegbanger secondary pupils offers
car mechanic, electrician and engineer as exangplesiployment in engineering and
technology and goes on to describe engineeringtegtthology as ‘using or fixing
machinery, electrical or electronic equipment aakc A puzzle within this text on
‘what’'s my job?’ contains no examples from sciereggineering or technology (car
mechanic is the closest). In another exerciselpugre presented with a list of
celebrities and their passions to illustrate howsth relate to career choice; the
celebrities are either comedians, singers, actory, personalities (chef,
actor/archaeologist, comedian/birdwatcher), sppetsple, one entrepreneur and one
politician.

A nationally supported self-access on-line cargerskage which is widely used in
careers education by young people as they reaclpdim of leaving school does

make it clear that engineering jobs are availaliie5alevels: operative, craft,

technician, incorporated engineer, chartered eegiaad provides brief notes on the
qualifications required for each of these. Althbuthe site provides accurate
information on electronic and electrical enginegrthis is likely to be reached only
after the pupil has been informed that related jolxdude meter reader, public
lighting attendant, electricity distribution workesecurity alarm fitter and television
aerial rigger as well as broadcasting engineer, peden hardware engineer and
control and instrument engineer. This is only ljki confirm stereotypes. Given

that pupils are expected to work largely as indiaid through this material their
stereotypes may well not be challenged by a mewibsaff.

In the light of this it was agreed that Engineerihg Future should develop its own
careers materials and trial them with S2 and S4lguft was agreed that these should
be informative, accurate, present engineering iattnactive light and themselves be
attractive in format to young people. Initial tliag demonstrates a positive response
from pupils who have made it clear that they haaely been provided with such
detailed information about engineering as a carelgart from providing attractive
information these materials are perceived by puadissending a positive message
about engineering as a career which cares enouglt gbung people and respects
them enough to go to the trouble of preparing digetiaterials aimed at them.



University Teaching

As the Project moves into its second year there ldwen an increasing focus on
development work within the two University Departite as well as that within
schools.

Members of the EtF team met with staff in both ensities involved in teaching year
1 students. Within Strathclyde it was noted tihatreé is a wide range of innovative
and supportive practice developed at all levelsnfrimdividual lecturer to course
organisation but that not all of this is formallgcorded. This may contribute to
students not perceiving readily the overall ratlenatructure and coherence of the
course. There was agreement that the structuregofar small tutor group meetings
is central to supporting students; this point waerl strongly confirmed by students.
More generally group work played some role. Theatre role of such key
organisational features as induction week and dml#imn in supporting transition
into year 1 was evident.

This meeting led to further discussion in the Ursity of Strathclyde with the EEE
teaching and learning group. At this it was notkdt problem solving is a
fundamental issue in 1st year and courses requoiadl group tutorials to address this.
There are problems with surface learning - studéfiisg equations and applying
formulas without thinking in detail about the prei; it is difficult to get students not
to generalise inappropriately their learning antualty extract what they need and
find the appropriate formula. Problems with cortaapteaching can be addressed
through contextualisation and teaching through edtasbut this can also create its
own problems.

A university wide move to 20 credit units has afied the department the opportunity
to rethink its provision. A bid for funds to thenlJersity’s teaching and learning fund
was successful in obtaining resourcing for a 0.& [pbst to support the development
of assessment within the processes of curriculwrgemisation.

A focus group of year 4 students in Strathclydevjgled clear messages about
teaching and learning which have been passed t&Ete Teaching and Learning
Group for their consideration. Students were pasiabout their experience within
the department but argued that teaching was oftenirthted by the demands of
examinations and that formative assessment was @oimmon feature of teaching.
Students recognised that some learning would beeyddllearning: in retrospect this
did not seem problematic provided students wereenmdare beforehand that this
might be the case. The students argued that apptes should be provided for such
activities as presentations to their peers, mutuslipportive peer learning groups,
project work, and the practice of Year 4 studemting as mentors/tutors to Year 1
students while doctoral students and post-docsdcact as mentors/tutors to Year 4
students which would allow more small group workhere could be more cross-
reference by lecturers to practical applicationgha&f theory they are teaching and
more opportunities for work based placements.
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The meeting with Year 1 staff in the University @fasgow covered a number of
areas. These included current induction practiosehmof which is focused on getting
students working together; the establishment opsttpnetwork and study groups; a
mentoring programme for 1st year students wherallida PhD on the same degree
acts as a mentor;. In addition at the start ofctih@se students are provided with the
big picture of electronics and an explanation oivheach part fits in. A summer
school is offered for 10 weeks covering basic mati circuits which is essential for
students with low prelim grades. There was agreenmat the core way to inculcate
deep learning is through the assessment systenmcticate deep learning in the
aeroengineering course the students are giveroaaiuvith questions that they have
not been shown how to work out but they have a@littiormation they need. Project
work is also important in contributing to deep feag. During the meeting a number
of other issues related to student teaching weseda In particular many students
have a lot of trouble with maths which needs t@kelained in depth. While®.and
2" year students must make the transition to indepetnigarning but some students
are lost during this transition. Initial considioa was given to some possible
solutions.

This meeting has led to further discussion betwEetgnteam and Glasgow University
staff on the promotion of more active learning amwl the role that personal
development planning can play in promoting indegen@nd reflective learning.

Partnerships with Industry
Agilent

Digital Oscilloscopes

Agilent Technologies is a major US company basedSamta Clara, California;

Agilent Labs, their central research organizatibas a major presence in South
Queensferry. The Project has enjoyed the advicksapport of Agilent since its

inception. The company’s commitment was demoredrély their making available

to each school in the Project a digital oscillossopupported by the necessary
software. The company also provided training éachers in its use in the University
of Strathclyde. This training had been usefulickegis noted very positively the

contributions of both the Agilent colleague and theversity technician.

School staff have used the digital oscilloscopesresively. As originally expected
schools were using this equipment in S6 Advancedhéti courses but it was
significant that they had found it easy to deplbg digital oscilloscopes at other
stages and levels (Higher, Intermediate 2, Stan@Gaedie): in S5 in work on AC; in
S4 work on AC; in S3/S4 on speed of electrical gmem S3 in investigating the
speed of light. Teachers noted the ease with wihishequipment could be linked to
smartboards for whole class demonstration purpo&aesmportant point was the ease
of storage of data and the flexibility that thisoafled. Although using the equipment
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had taken some practice it had proved possibleh&mesthis expertise with other
colleagues in school.

Teachers welcomed opportunities for further devalept especially the availability
of an expert who could either talk through mattriterest or difficulty face to face
with the teacher with an oscilloscope on the bebetween them or be accessible
through an ‘e-mail an expert’ system when any mots arose.

Publicity

We were also fortunate enough to be able to drawhenadvice of Agilent with
regard to our publicity. This led us to think abthe relationships between audience
and format do message, about consistency, abouete: for a single clear image and
about clarity and brevity. This has resulted ia tlevelopment of a single image and
key messages to be used in all our external conuations.

E-learning

Agilent has provided funding to the project to tdkeward the development of e-
learning materials. This has supported the devedop of the scoping report
described later in the newsletter.

Industry Questionnaire

Fifteen large engineering companies whose contatdild had been provided by
University staff with industrial connections resped to a brief questionnaire on the
qualities they wished to see in engineering graguatruits. The results were in line
with larger national surveys but allowed us insigimto the thinking of these

organisations. The study carried out by Spinkslebtad listed the key skills and
attributes of graduate engineers under the thréledsikmains of technical, personal

and business skills with the key dimension of edmmain as shown here:

« technical theoretical understanding
technical breadth
practical application

« personal communication
team-working
creativity and innovation

- business commercial awareness

Respondents identified technical and personalsskil highly important when they
recruited graduate engineers but afforded lesshwéggbusiness and entrepreneurial
skills. Within the technical area a key messagalveeem to be that ‘a more broadly
based understanding across wider areas of EEE’ praferable to ‘a deep

understanding of a fairly narrow area of technikabwledge’. The respondents
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surveyed stressed the importance of the ‘abilitggply theoretical knowledge to real
industrial problems’. There was a perception th@duates could be even better
prepared in these areas. Interpersonal skills ywereeived to be more developed:
none of the respondents felt flexibility, team wark skills or work ethic to be a

common weakness.

Asked if engineering should be part of the schaoticulum, all respondents believed
engineering should be in the secondary schoolaumn and most thought it should
be part of the technology curriculum. Only 7 thbug should be part of science and
5 respondents thought it should definitely notrbéhe science curriculum.

It will be interesting to explore differences beémethe views we have obtained from
those in large organisations and the views helthbymanagers of small and medium
engineering enterprises. We speculate that they place a higher value on
entrepreneurial skills and dispositions for engiadban large companies with greater
division of labour require to do.

Partnerships and Links with Scottish Education

Curriculum for Excellence

Science

Engineering the Future team members have maintaiisedssions with Learning and
Teaching Scotland colleagues involved in developireg science curriculum and in
writing the Science Experiences and Outcomes inpéreod before and since the
publication of these Experiences and Outcomes. BAleeve that the published
documentation provides clear indications of theeptal for engineering activities
within primary and early secondary science; engingesducation will be seen to be
not only possible. However to ensure that allngopeople experience engineering
education we have argued that the title of the sinealld be extended form Science to
Science and Engineering

The inserts being developed or planned by the d¢shodhe Project clearly relate to
draft experiences and outcomes while, more gewerdie principles which
colleagues have used to underpin their plannirgteetiearly to the commitment to
experiential learning, personalisation and choiged adepth of study within
Curriculum for Excellence. Teachers involved withe Project agreed that
engineering fits in well with the science outcorbes noted that pupils need to realise
they are doing engineering and the word must bdicgtkp linked with the work.
Teachers have said that they would have no probife8tience was changed to
Science and Engineering in the curriculum.

We were happy that it was readily possible for enber of our inserts to be written
up as exemplification to be published nationallyhivi Curriculum for Excellence as
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exemplars of ways in which Science experiences marprovided and outcomes
achieved. We believe that others can also be stewup and publicised.

The Engineering the Future team will be respondmthe on-line questionnaire on
science within CfE to promote the case for fornglognition of engineering within
the school science curriculum and we hope to supgpose working with the Project
in continuing to play an active part in engagener the statements of experiences
and outcomes.

Technology

The Curriculum for Excellence programme has mooemdy published experiences
and outcomes for pupils related to Technologiespe&ts of engineering are relevant
to this broad curricular area, too, and there igotential for schools to choose to
promote understanding of engineering in inter-giicary courses or projects,
perhaps in a secondary school involving staff ftbensciences and from other subject
areas such as technical education and art anddesig

Before publication Engineering the Future team memmbwere in dialogue with

colleagues as they developed the experiences awdnoes in order to ensure that
there were opportunities for developing at all Isxtbe knowledge and skills required
to support education for engineering. We belihat the outcomes do provide such
space and further work is being done collaboratitelgroup selected Technologies
experiences and outcomes to provide a framework classroom learning in

engineering; in so doing use is being made ofrikeris developed within the Project.

Building the Curriculum 3

We await the publication of the Curriculum for Ekeace documenBuilding the
Curriculum 3 which will make important statements about corgeidr learning.
Curriculum for Excellence is built on the princigleat learning takes place not only
in the subject classroom but through interdiscgoynprojects and the wider life of the
school. Building the Curriculum 3vill, we believe, take forward practice in thigar
A number of schools involved in the project haveedeped work that moves outside
the classroom walls: through interdisciplinary wotkrough the use of the local
environment, through special focus days, and tHr@wgnts and competitions.

Other curricular links

The links between enterprise education approachdstl@e work in some of the
Engineering the Future inserts is evident wheresdhdave opened up the
methodology of science teaching to include the watitig practical applications and
problem-solving that pupils are finding more engagthan some previous science
experience. The recent HMIE Improving EnterpriseBEducation report provides
strong evidence that the additional breadth andhdep learning associated with
enterprising approaches had exerted a positivagntie on the wider achievement of
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pupils. This also reflects recommendations from @ECD 2007 report on Scottish
education, promoting broad-based vocational expeeienvhich adds relevance and
motivation for learning for all pupils.

SQA Review of Physics

As many will know the Scottish Qualifications Autitg has been reviewing Physics
gualifications at Higher and Advanced Higher levelgh the aim of promoting
deeper learning. This will entail: reducing contknowledge to provide more space
for problem solving and enquiry learning; teachisgme aspects of the course
through ‘themed’ units which require the candidé&be examine theory through
applications; introducing a case study and a pBysikills unit at Higher; and
maintaining the current Advanced Higher investigatiMuch of this chimes with the
approaches being developed within Engineering tharE.

More specifically, from the EtF point of view theciusion of case studies at Higher
which made reference to engineering would be vatyable. The intention was to
have a single case study per year but we propasét s possible to think in terms of
a bank of case studies which could be assessedgth® presentation and through
qguestions in the examination which would requirendidates to explain the
development of their thinking. It would also beséle to integrate the teaching of
physics skills into some sort of mini-investigationather than through
decontextualised exercises. Both of these appesasiould afford opportunities for
the teaching of engineering related topics.

Scottish Survey of Achievement: Science

There was clear evidence from the 2003 AssessnfeAclnevement Programme

science survey that P7 and S2 pupils’ overall mtt@int was not good; pupils lacked
conceptual understanding and experience in invastig skills, discussion of science
issues and communication beyond answering closedtigns. We look forward to

the publication of the 2007 Scottish Survey of As@ment in Science which will

provide up to date evidence about the state of lgupcience experiences and
attainment across the country following the impegiven by the recommendations of
the HMIE report Improving Science Education thaesce teachers should review
how they teach practical work in order to broadea tange of investigative skills

being taught and practised, because pupils nedduelop both a secure knowledge
base and good decision-making and problem-sohiity,sand that pupils should be

helped to make links between related aspects ahileg for example between

science and geography or science and technologg. b&lieve that the engineering
inserts being developed provide considerable oppii¢s for these activities. Pupil

reports within Engineering the Future demonstra@grtawareness of the differences
in pedagogy associated with the inserts which thaye experienced and their
enjoyment of practical experiences the challengimajure of which promoted

effective learning.
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Policy Developments

The election of new government has led to developgsnm policy fields which may
well impact on engineering and on the developméingineering the Future. These
include Skills for Scotland: A Lifelong Skills Strategy in which the Government
articulates its fundamental belief:
‘It is vital to Scotland’s economy that we havet@asly supply of workers
skilled to higher levels. A steady flow of gradwsa#nd technicians is vital
in order that industries in which Scotland operaethe leading edge ...
can continue to compete favourably. ... our moderomkadge economy
will be ever-increasingly reliant upon a steadymymf skilled scientists,
technologists and engineers. The demand for ssteriti the future looks
positive and the total employment for science oatiops is projected to
grow at a faster rate to 2014 than that expected nfon-science
occupations. Moreover, Scotland must continuenteiase technology
transfer from our worldclass research base intdleigoroducts and
processes. Encouraging technology start-ups (imguassisting scientists
and technologists to develop entrepreneurial ansinbss skills) and
helping them to grow into our large companies effiliture, will prove an
ever-increasing priority.’

This is precisely the rationale which underpinsikegring the Future.

To carry out this fundamental aim the Governmegues that ‘pupils should have the
opportunity to build up a strong foundation of adevivariety of skills and be able to
present and demonstrate their skills in a way whitoe of high value to themselves,
their parents and carers, employers, colleges amnensities’. In order to ‘encourage
young people to stay in education and training {i6stthe Government argues that
‘good options and clear pathways out of schoolem®ential to ensuring continuity
and progression in learning and achievement’. \&lewe that these aims are in fact
being realised through the work that Engineerirg Buture has been doing within
school and across the transition to universityystud

What is more challenging is to extend this workoasrScotland. Engineering the
Future has explored various means of so doing. s@tave included centrally the
work that has been done with Curriculum for Excadle colleagues. However, to
embed in the curriculum the development of the Kedge, skills and dispositions
needed by successful engineers (which are of hadievalso to those who do not go
on to pursue careers specifically in engineeringguires clear and consistent
messages to be sent to and received in schoolsh&tfproposed that the Scottish
Government should name ‘&ience and Engineeringhe curriculum area currently
called ‘Science; explicitly highlighting the engineering elementsthin the many
aspects of applied science and conveying a cleaeatation that the concepts and
activities central to engineering should form pair@all pupils’ science experiences.
We argue on the basis of our experience to datestizdn a move would not only give
appropriate emphasis to engineering but would alsotribute significantly to
improving learning and teaching in science.
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The Scottish Budget Spending Reviewntroduced the concept of the Concordat with

local authorities some of the key indicators of ethare:

- Increase the percentage of Scottish domiciled gr@dufrom Scottish Higher
Education Institutions in positive destinations

- Improve knowledge transfer from research activityiniversities

- Increase the proportion of school leavers (fromtt&do publicly funded schools)
in positive and sustained destinations (FE, HE,leympent or training)

Engineering the Future seeks to contribute to thedieators by encouraging young
people to study engineering, by seeking to impritnvequality of graduates resulting
in more positive outcomes both for individual stdeand for the economy and
society in general.

Although not a policy document the recent OECD eaeviof Scottish education
Quality and Equity of Schooling in Scotland provides a benchmark. There are
implications for EtF of the government commitmeatviocational education in the
context of this review, the following extracts fromhich suggest parallels with our
work:

‘A Curriculum for Excellence aims to deepen and@nthe demands made

on students. ... International experience suggestisSbotland would gain

from a bolder, but also broader approach to vonatistudies in schools

than it has so far demonstrated. Vocational edutatnd training should

not be seen too narrowly in terms of employability In this report, we

consider vocational studies to involve a mix of rIs®s$ which place an

emphasis on applied and collaborative learningplpra-solving, sharing of

learning tasks, overt meaning and purpose, fou@asind competency-

based assessment, and real-world orientation. ‘vt studies are

intended to form the whole person and to be matwat and constructive

of broad capacities. However, their economic ratiens important, should

be explicit, and must involve proven quality ofitiag.’

E-learning

As noted above funding for Agilent supported a stggxercise to take forward the

development of e-learning materials. The mostctiffe form for well designed and

sustainable e-learning and teaching in schoolsippat engineering education was

not clear at the start of the Agilent funded ititia. However the EtF team had

articulated in its bid certain premises which adeadrwith its principles.

- The project must motivate pupils strongly to usg @ansuing facility.

« It must successfully engage them with key ideashefield of electronic and
electrical engineering.

- It must be sufficiently flexible to avoid the vages of fashion.

- ltis likely to make use of a media-rich suite ofidgties and resources

- It must have the potential for global delivery.

The EtF team initiated a partnership with TPLDed@us games software specialist

company based in Dundee, which was commissionezhiy out detailed scoping
work on this project. TPLD is a spin-out comparfytlee University of Abertay
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Dundee whose School of Computing and Creative Taolhies is among the
international leaders in this field. Since TPLDsifarmed in 2001 it has been at the
forefront of research and development in the sergames market and has developed
educational and training games for use in schaléshealth sector and business and
commercial contexts.

Based on findings from research and from the egpes& of teachers in the Project, it
was agreed that the solution would ensure thatpapkey points within their school
careers when major educational decisions are taleMelop broader and deeper
understanding of what it means to be an enginegriraproved understanding of the
key roles played by engineering in our society:
. by developing the knowledge, skills and mindset&tviuinderpin engineering
by using these to solve real world problems in f& sand enjoyable virtual
context
by developing the capacity to understand how mdaijmg systems causes
particular effects
by allowing learners to try out alternative coursésction in specific contexts
and then experience consequences
by providing an enjoyable experience of the chaiéeaf engineering
by enabling learners to play collaboratively inadesenvironment in which they
can bolster each others’ enthusiasm for the disapl
by providing increasing levels of challenge

The scoping study has established the feasibifityreating a prototype engineering

laboratory centred on games based learning. Tleiag are the key features of the

proposal:

- The target audience would primarily be younger sdaoy school pupils

« The virtual environment would be modular in struetu

- The game would utilise a typical massively multygaonline role-playing game
(MMORPG) structure

- Players would work together in teams to solve aietarof real world,
engineering-based problem

- A range of scenarios would be provided each of Whiould permit players to
undertake different roles

- Pupils would be encouraged to extend the roles tinelgrtake

« Modular missions would relate to the content ofioral curricular policies and
would develop the skills identified as fundamemtasuccessful engineering

. The Management System would allow for new modulasions and challenges
to be added

«  Within this structure content will initially be fassed on electronic and electrical
engineering.

The EtF team hope to take this proposal forward.
Discussions with teachers in the Project revediedoteadth of existing e-learning on
which they already draw. This included:

- a number of sites which provided advice or exampiesimulations (such as
bridge building)
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.« a number of commercially or publicly funded leagirsystems such as
SCHOLAR, Crocodile Physics, Crocodile Technolodye tirtual Physics site
and Focus Educational software

- one school is a partner in a COMENIUS programmedeveloping the use of
Moodle for courses across the curriculum in schools

- one participant had intended to set up a websiterapository of information for
pupils but commercially available systems such ako6 bookmarks had proved
effective and efficient means of sharing informatiith pupils

- on line commercial catalogues of equipment and nad¢eprovide opportunities
for pupils to seek information relevant to engimegrrelated work in science
classes:

Teachers considered that e-learning has significantributions to make to the

implementation of Curriculum for Excellence in texwf contributing to investigative

learning in time freed up for project type work, safpporting links between subjects
and interdisciplinary learning and supporting paesisation and in depth learning.
There were concerns expressed that hands-on is-elgerimentation should not be
replaced by simulations.

All agreed that school pupils could contribute efifeely to our learning in this area.

Research

Reference has been made throughout this newsleteenumber of means by which
information has been gathered to promote the dpustnt of the Project. Our model
of collaboration requires that all participants tidoute to the research processes.
This has been effected not only through questioesaibut through participant
observation in classrooms, interviews with teach&sus groups of learners, and
detailed records of meetings. We have sought sorenthat information is fed back
to participants and have sought to ensure that teis are clearly reflected in the
development of the Project.

Conferences

Engineering the Future presented a poster at Scigndhe Parliament and at a
Quality Assurance Agency conference which focuseadtle first year university
experience. We will also be present at the Irgtinf Physics Conference in early
June.

EtF will be represented at a number of confereacesother educational events this
summer and autumn. These include EE2008, a majgineering education

conference in Loughborough in July where we aresgméng a paper and running a
workshop, BERA (the British Educational Researchsadtsation) where we are

presenting a symposium, the Scottish Learning ¥astvhere we are holding a
seminar and two round table discussions, and SERA Gcottish Educational

Research Association.
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