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Abstract

Engineering the Future (EtF) aims to develop aasnable model of activities and interactions
among researchers, policy makers and practitichatgdevelops pupils’ understanding of the
nature of engineering, embeds experiences of eagimewithin the school classroom and
curriculum and promotes engineering as a career.

One barrier to young people entering engineeririgadequate awareness of the nature of
engineering and its diverse career paths. Manyipipthe participating schools had no
awareness of engineering or very limited awarer@s¥ had never considered engineering as a
career choice.

1st year electronic and electrial engineesigdents at the universities of Strathclyde and
Glasgow identified family links as a key factorancouraging them to study engineering. They
also traced interest in engineering to particuthiosl classroom experiences.

Discussions with careers guidance staff revealatidreers guidance is almost entirely
responsive to pupil requests: only occasionally mibils who are good at science and
mathematics be directed towards engineering.

The current situation leaves almost all school lsuminformed about the nature of engineering.
The paper describes how the EtF project seeksltess the situation by developing classroom
engineering experiences, working to embed engingdarmally in the curriculum and

providing resources for active careers advice.

Keywords: careers, school curriculum, engineering educatemgineering awareness, engineering
outreach.

1. INTRODUCTION

Engineering is vital to a country’s economy andekieryday life of society. Humankind depends oniree®ys to
create new technologies, to find solutions to pecatproblems and to shape the world that peopkeiti and the
future they rely on. Yet young people have littteno perception of engineering and the understantiay do
have is all too often confused with other caresush as mechanic or repairman. Engineering ther&(EtF), a
three year project funded by the Engineering angsiehal Sciences Research Council, seeks to explute
address some of the major challenges facing engimgeim education. Working with researchers, policgkers
and practitioners, the project is developing aanable model of activities and interactions thetalops pupils
understanding of the nature of engineering, emb&gdsriences of engineering within the school ctamsrand
curriculum and promotes engineering as a career.



2. THE ENGINEERING THE FUTURE (ETF) PROJECT

EtF focuses on Electronic and Electrical Enginep(BEE) in Scotland to develop an innovative, snatze
and transferable model of activities which encoarggung people to study engineering and to sugpen as
they make the transition from school to univerdityill share findings with stakeholders in Engiaiwales and
Northern Ireland to promote uptake on a UK bas@aaross other aspects of engineering. Esseitialare to:

* embed engineering within national curriculum, assent and qualifications policies and practice
« provide experience and understanding of engineexitigities within school classrooms

« identify and make young people aware of key skiig)d-sets and dispositions needed by engineers to
face changing demands through their working lifetkie light of information emerging in the project,
this aim is being pursued through careers guidaag®ell as school engineering experiences)

e support students’ motivation and learning acrossstthool-university transition and into engineerhg
university

- develop pedagogy in university engineering whichlleimges and supports students to extend their
prior knowledge, skills and dispositions.

The project is thus complex, incorporating sevsti@nds, each with a range of aims and activilibs paper
focuses principally on its work to address younggbe's lack of awareness and understanding of eeging
and to promote engineering as a career.

3. ETF QUESTIONNAIRE DATA
3.1 Attitudes to engineering

At the start of the project EtF obtained questiagrmaformation from school pupils (in classes stdd by
teachers participating in the project) and 1st yhadents taking EEE in the Universities of Glasgma
Strathclyde about factors influencing their idebswt engineering and their choice of it for univgrstudy.

= 7 schools (5 state-funded, 2 private)

0 869 pupils (389 females, 480 males) (approxima28Bs of the pupils in years S3-S6 in these
schools)

=  S3(age 14/15) — 418
= 5S4 (age 15/16) — 193
= S5 (age 16/17) — 185
= S6 (age 17/18) - 75
e 1st Year University students — 177 (9 females, mé&s) (approximately 80/90%)

Many of the pupils surveyed had no awareness aheagng or limited awareness of it as connecteolitiing
and fixing things. In response to a final invitaitito make other comments or additional points,ymarmte
“don’t know what engineering is” and/or “would likeore information”. The university student survaglicated
that over half of the students had family or friseho were involved in engineering, that this hadrba key
factor affecting their awareness of it and thatngpeople have little chance of developing welbmfied views
about engineering without such personal links.

These findings within the EtF project echo thosthefRoyal Academy of Engineering and the Engimegeaind
Technology Board study ‘Public Attitudes to anddegtions of Engineering and Engineers 2007’ [1]sMo
participants irthat study had a limited awareness and understgrudiengineering and engineers. Young people
(age 15-18) had a much more limited understandirgngineering than other groups, though they faf/thad
gained some understanding through science lessseb@ol and from army advertisements at care@s fa
Participants considered engineering to be a broddrague term, difficult to define and pin down anftén

used to make a job or task sound belflamy of their assumptions were based on limitedsdeom the media

or from talking with other people, rather than fragturate information or personal involvement wii
profession. They associated engineering with, ¥angle, gas and photocopier engineers and withiriegand
upgrading the rail and road networks. Part of thdyincluded a qualitative workshop designed tvjate



participants with better information to think abaungineering in more depth. The workshop findingggest

“that providing people with information about engiring improves and clarifies understanding of
the scope and breadth of engineering and imponyagénerates interest in the professida’p37].

3.2 Consideration of engineering as a career

Two recent international studies, the Relevanc&€&xdnce Education (ROSE)[2] and the OECD Prograifeme
International Student Assessment (PISA)[3], hayered that young people in developed nations meiseghe
contribution that science and technology make tietp and acknowledge their importance now andhén t
future to make everyday life “healthier, easier amate comfortable”[4:p7]. Nevertheless, only a nnityoof
young people in developed nations viewed studyigice and technology as leading to interestingezar It is
not surprising that young people are uninterestealscientific career when various studies havetified their
lack of awareness of the nature of professionaeramptions that science and engineering can @ffis][6].

“Pupils’ responses overwhelmingly indicated a lamkknowledge and understanding of the wide
range of science and engineering careers. In paldicthe daily duties, routines and professional
practice that scientists and engineers undertaée’p1].

In the EtF survey, the views of the pupils on eegiing as a career were explored. 65% had nevsidayed
engineering as a career choice. Roughly a thir@)(2tated they had done so and 78% of these pupiis
male. It was evident that much careers and subfexte advice came from family and friends: careghdsers,
or even school staff, did not feature prominer@gly 10% noted the encouragement of careers agdyig&s
indicated that careers advisers had discouragen fittem studying engineering.

The university 1st year EEE students were askedtaheir route into engineering. 39% first becamnteriested
in engineering in S3/4 (age 14-16) and 31% in $&¢@& 16-18). 61% traced their interest in engimeeio
classroom experiences in school and 44% mentiockdties in the family. 56% of the students hadeaist one
member of the family who was or had been involvedrigineering - one student wrote: ‘my grandmother
worked in ballistics’. Most of the students (77%gtified their family and/or friends as the maiusce of
encouragement to study EEE.

The university student survey demonstrates thaiddased educational experiencan influence pupils’
decision-making about their further study and cackeices. However, awareness of the nature okpsidnal
engineering and engineering experience relatediémee and technology courses are absent fromynalarl
pupils’ school work. Large numbers therefore renigiorant of the career options open to them andaw go
on to study engineering in Higher Education.

4. NUMBERS STUDYING ENGINEERING

Between the academic years 2005/06 and 2006/Q7uthéer of full-time engineering and technology
undergraduates in Higher Education in the Unitedigilom [7] increased by 2%. However, in the decade
1996/97 to 2006/07 the number fell by 15%. A simflattern is seen among graduates from higher &idanca
engineering and technology courses in Scotlan®@[8#n increase of 3% between 2005/06 and 2006/X7a
drop of 12% over the last decade. During this dedhd total number of higher education graduatereased
by 28%, with an 18% rise in medicine and dentiaing a 45% increase in social studies (including,|las
shown in Figure 1.
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FIGURE 1. Percentage change each year in ScottgteHEducation graduates since 1996/97

The number of full-time undergraduates in EEE mtK during the last decade peaked in 2002/03 853,6
and has since fallen by a quarter to 17,640 [72006/07 there were 4,637 accepted applicantsE@r Higher
Education courses in the UK, but only 58.2% were-dtniciled students [10].

To foster knowledge and understanding of engingeaind promote it as a career, EtF is working witthosls,
university staff and policy makers to embed engiimgein the Scottish curriculum fal pupils and to show
that motivating engineering activitiean be developed and fitted into the existing curticny it is also
investigating careers advice provision. Data retatd the last of these are the central focusefdmainder of
this paper. Discussion of careers advice is, howgwveceded by brief accounts of action in the iotive areas.

5. ETFACTION TO ADDRESS THE ISSUES
5. 1 Embedding engineering in curriculum policy

Despite the widespread UK and Scottish governmaahisgademic interest in and concern for all four of
science, technologies, engineering and mathem@EM), the reality is that engineering is not aely
promoted in either policy on or practice in schedlication

One of the significant problems is the fact thaticular frameworks in the UK place technology iquite
separate area from science and give little or nectiattention to engineering (until, in some Esfglschools,
pupils may choose an engineering-related diploméate secondary school work). There is a dangardimply
enabling and encouraging the development of engirgactivities in the school curriculum, possiliycross-
curricular contexts, will mean that pupils choosipgre” science courses will have little or no esipace of
engineering within science. The majority of theagifs will continue to have a very limited concet
engineering, without appreciation or experienceésoéssentially creative and problem-solving nattitee
essential link between engineering and the appdicatf science and mathematics — science and matiesin
action — will not be emphasised.

To create circumstances where engineering reatlycoatribute strongly to individual pupils’ leargimand to
economic development requires an explicit and etatrategy which builds engineering and the datedt
skills into the learning odll pupils — not just those who may pursue post-schpptenticeships or Further
Education (non-university) courses or whose teactake the opportunities available to teach aspedtse
science/physics and technology curricula usingreseging approaches.

The project therefore argues for the formal indnsdf engineering in the emerging reformed curtiouin
Scotland, the Curriculum for Excellence, and itdfsdre in the process of interaction with thosspmnsible for
subject curricular frameworks to this end. The &ino link engineering explicitly tboth science and
technology at all stages of primary and secondelgals. Such a move would explicitly highlight timany
engineering elements within applied science andtihgy and development of technologies and corlvey t
expectation that the concepts and activities cet@trangineering should form part of pupils’ scheaperiences.



5.2 Practical engineering experience developed thugh school/university partnership

In questionnaire responses completed independsttiiyol and university staff involved in EtF ideiatif (a) a
set of key ideas that pupils should understand taiheunature of engineering and its motivating poare (b)
essential characteristics of high quality enginegtéarning experiences. Research evidence abamirng and
teaching in general and about effective approaspesifically in engineering education (includingth
summarised on the websites of the Economic andaSBeisearch CouncfESRC) Teaching and Learning
Research project [11] and the Higher Education A&oadEngineering Subject Centre [12] supported dieas
proposed by the project participants. Among theattaristics of engineering were:

« Using science (in particular physics) and mathesegirinciples to make functional, practical, useful
products.

«  Scientific mindset; understanding principles retgv@a problem/need; logic; teamwork, effort,
perseverance; responsibility; innovation, inventioneativity. “Hasn’t been done doesn’'t mean che't
done”.

e Solution-oriented; optimising solutions; modellingiderstanding systems - how things work together;
making and trying out models/prototypes before makiroducts.

Among the motivators were:

< Digital technology and miniaturisation are at tleai of the speed and efficiency of very many moder
products, including media devices.

* Human need to investigate, develop, grow, solvélpras. Mind stretching; pushes boundaries of
science: stimulates continuous advancement

* Improves quality of life. Cornerstone of a succeksbciety; makes a real difference to people’sdjv
in particular in developing countries

« Personal benefits. Employability, job prospectsr{dwide, developing world...); travel; high
professional status; high salary.

Examples of effective teaching and learning apgreadn science and engineering included:

e Teaching that enables learning how to learn: réflacon, thinking about strategies for problem-
solving, design, evaluating; drawing on science mathematics knowledge; explanations by learners
of intentions, processes, solutions...; and teacfuiogsed on what the learner does.

» Assessment for learning - constructive feedbadk, @ed peer-assessment in respect of: knowledge
needed for an engineering problem/project and &s&gd — build/make — evaluate — adapt process.

» Learners gradually control and manage their owmlag/problem-solving processes and projects.

The school/university partnership teams (one orrveonbers of staff from each of 10 schools workiritdy wp
to three EEE lecturers) developed curricular isskeeping in mind the principles thus agreed iraade among
them.

In all the project schools activities were develbfa the general science course in the first tearg of
secondary education or in the physics courses/&4Sd S5/S6; in one school the technology depattia
involved, as well as science/physics. Examples fanmong the sixteen developments currently beiagjed in
the project are: wireless technology devices thattell when plants need water and send a sigrahtobile
phone; taking part in a Mars Rover challenge combiastronomy and electronic engineering; usingaatiund
to measure distance and learning about other emgngeapplications; building radios from everydagterials;
learning about engineering applications througttgizal activities, for example using the Wheatstbridge
equipment to measure strain on a model bridgesahgpressed physics, economics and technologiadiestu
course newly designed by one school specificallypfgils who are interested in an engineering caree

Both teachers and pupils involved in the develogind trialling have expressed very positive vietwsud the
inserts. Almost unanimously teachers perceived tteebe interesting and motivating for pupils, bessaaf the
practical work, more interactive teaching and leagrand relevance to everyday life. One teachet: sai

“... not only will it promote engineering but it willhprove the quality of the ... teaching within
the classroom, because you're using activities vhie real and relevant and that’s going to
improve the kids’ motivation and interest.”



The pupils responded very positively and enjoyedehgineering experiences. They were aware ofcikace
and mathematics content in them and became mone afangineering and the applications of scienahé
environment. Some expressed a new interest in eegig as a possible future study and career route.

The EtF curriculum inserts demonstrate that theeope for engineering within science (and, thaoginly
one school in the project, technology), successfotegrating process with content and contextemancing

pedagogy.

5.3 Investigation of careers provision in the projet schools

Both the lack of awareness among pupils of thediheand scope of engineering disciplines for furtady
and career opportunities and the apparent lackflafieince of school careers guidance staff on tlieeusity
engineering students’ choice of engineering prothptgestigation of guidance materials and provision

Seven project schools (five state-funded and tvixapr) were visited to establish the careers guidarattern
and the availability of careers materials in ed&achers identified by the schools as having aecamguidance
role were engaged in discussion (the number véireed one up to ten). They included careers guidance
teachers, local authority careers staff, sciencetachnology subject teachers and school manalgeas! (
deputy head).

Whilst some science teachers in each school (@udtethnology teachers in one) were already ingbinehe
project, the careers guidance teachers and thedattaority careers staff assigned to each scheotwot. In
advance of the meetings these teachers were giefrirformation about the project — essentialy/principles
in respect of the nature and value of engineenmtthe kind of pedagogy associated with successfighing of
it, described in 5.2 above. Questions to be digtliggere also sent in advance. These were open-ended
designed to provide a clear picture of guidancetpgrain each school.

1 What is the careers guidance pattern in thea€h
i. When provided?
ii. Linkage to subject choice?
iii. Linkage to post-school destinations?
iv. Do all pupils have an individual interview with areers adviser? When?
2 Who provides this guidance?
i. Inschool?
ii. Outside contributions?
iii. Visits, open days, etc?
3 Types of resource available?
i. Types of resource used?

4 To which curricular areas and post-school cauese pupils oriented who express or reveal
interest in creative activities?

How does engineering feature within this patt#rguidance?
To what extent is the nature of engineering &rpld?

Are there any specific engineering-related nialeor initiatives that are drawn on?

o N O O

Engineering work experience?
i. How are pupils selected for this?

ii. Suggestions for post-school work experience, gadiigher (national school-leaving
certificate)examinations or Further Education?



9 What steps are taken to enable pupils to obtiaildd information about the following areas afdst?
= Physics
= Medicine
= \eterinary Medicine
= Forensic science
= Law
= Engineering

In the discussions, similar points were made inhedlschools, but with some local variations. Tiferimation
obtained provided the basis for the developmetit®@ftareers aspect of the project.

5.3.1 Information from the careers guidance discussions

The single most important finding from question4 (and also question 9) was that in almost all ctise
pattern of guidance was entirely responsive andliimettive. All teachers reported that, in keepivith advice
from the national body, Careers Scotland, thei mahs to respond to pupils’ requests and to proyaderic
tools for them to use in researching an area efést.

A formal careers element in Personal and Sociat&iilon (PSE) was common in each year of the secpnda
school from S2 (age 14, when subject choices arallysmade) to S5 (age 17); interviews with locatlerity
careers staff took place in S4/S5 in most schawld;pupils had the opportunity to request caredosmation
or guidance whenever they liked. Careers activitiekided visits to local careers events, visitipgakers in
schools from various employers and from universjtiéigher Education open days and extensive udeeof
Careers Scotland software resource, PlaniIT, degigmielp pupils identify their areas of interesti anatural
strengths. Overall, however, the “responsive” apphowas prevalent in all this range of activityeTh
implication is that, to receive detailed and appiaip career information related to engineeringafoy subject),
pupils must already know something about it andcehatMeast enough interest to prompt further ingatbn of
career potential. The result is that careers areitimbly disadvantaged if they are not well knowrif ohe
relevant subject disciplines are not in the scloooficulum. This finding may help to explain thading from
the pupils’ and students’ questionnaire data thegers teachers contributed little to subject awder choices.
They may be seen primarily as providing acces®tegc material and search facilities, rather thiamg
detailed individual guidance and opening up pobtds.

In response to the questions 5-8 on the naturagiheering-related careers guidance within the geipattern,
the teachers indicated that, though the approashnaamally responsive to pupils’ expressed intsrest
engineering might be occasionally mentioned to Isupho were very good at science or mathematiceedts
guidance and materials did not normally explainrtheire of engineering — indeed, it was evideritshane
careers staff were not very familiar with it thetwes: several said they needed support to be algeotide
detailed advice. The only specific engineering érese” mentioned in several schools was a road skiake it
in Scotland, run by Careers Scotland [13]. Thiseg&@2 pupils (age 14) an opportunity to take pahiainds-on
workshops offered by manufacturing companies ahdratrganisations, to inform career choices jufdree
they make subject choices which influence futureeapaths. However, this event was discontinuez6
and no similar opportunity has replaced it. Sonf®ets mentioned occasional “engineering eventsdlving
invited speakers One of the private schools retyllavited parents, including engineers, to spab&ut careers
and argued that this was an important and effeetbpect of their careers guidance. Clearly this tyfp
opportunity, whilst it is a very useful adjunctdareers provision, depends heavily on the natutkeo§chool’s
intake.

The reliance on pupil’s families was also appanemeésponses to question 8 about workplace experian
engineering. No school specifically offered placatsén engineering and several cited difficultieginding
any industrial placements because of perceivedthaatl safety constraints. Pupils were encouragédd
their own placements. Some with parental engingezannections were said to gain relevant work eégpee
through this link.

This point about the significance of family linkseangineering reflects the finding from the uniitgrs
engineering students’ questionnaire that a largenityvahad a parent, relative or family friend whas an
engineer. The prominence of this influence on figmgineers’ career decision-making might have an
unfortunate consequence. The pool of qualified rewyis in the UK is diminishing, but it seems tqbecisely
these people who, either as family members or easi@nal visiting speakers at careers eventseaept



influence the decisions of young people choosirgiresering as a career. If this situation persistsight be
expected that the number of engineers will conttougecline. There is an urgent need for actionomby to
give young people knowledge about engineering aperngence of it in school work but also to ensinat t
careers guidance explains ands promotes it properly

At the meetings the schools requested DVD resouhadsould be used directly and without preparatino
classes for PSE and printed information with thec#ffr requirement that this be up-to-date, suddbl the age
range, attractive and engaging.

5.3.2 Further EtF action

A study of the available engineering careers maltedrried out by the project team revealed a rarige
resources. Many are provided by specific orgarisatand companies presenting information about that
organisation or industry. However, they are disfgnaot always fully comprehensive, frequently age-
specific and often inappropriate for younger pupilfiey rarely explain the duties and professigmnacttice of
engineers. Other problems are the multiplicityawfdtions and the difficulty of finding some.

These findings suggest that the current careelis@dwangements give pupils too little informatmm
engineering and too late to develop an intereaniengineering career before they choose theiestsbjor
upper secondary school study. The EtF projectheretore developed two up-to-date printed resources
providing fuller explanations about engineeringgémeral and orientation to sources of informatioou
specific types of engineering. These are now biiad out in project schools as the basis for tedéht,
possibly more proactive, model of careers adviceefgineering in the first two years of secondatyosling,
before subject choices are made. The evaluatitm®fnitiative will be the subject of a subsequpaper.
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