Vo 2 ™

@ N
fs BN

\{ 7% \\~

7 )
GHALMER =)

S i

) )

Vo829

u}ﬂ:’u( s

Corporate Investment to Increase Interest in
Mathematics, Science and Technology

A general analysis for the Volvo Group

Master of Science Thesis

NICHOLAS TENGELIN

Department of Technology Management and Economics
Division of Quality Sciences

CHALMERS UNIVERSITY OF TECHNOLOGY
Goteborg, Sweden, 2009

Report No. E 2009:093






THESIS FOR THE DEGREE OF MASTER OF SCIENCE

Corporate Investment to Increase Interest in
Mathematics, Science and Technology

A general analysis for the Volvo Group

NICHOLAS TENGELIN

Department of Technology Management and Economics
Division of Quality Sciences
CHALMERS UNIVERSITY OF TECHNOLOGY
Goteborg, Sweden, 2009



Corporate Investment to Increase Interest in Mathematics, Science and Technology
A general analysis for the Volvo Group

NICHOLAS TENGELIN

Goteborg 2009

© NICHOLAS TENGELIN, 2009.

Department of Technology Management & Economics
Division of Quality Sciences

Chalmers University of Technology

SE-412 96 Goteborg

Sweden

Telephone +46 (0)31-722 1000

Chalmers Reproservice
Goteborg, Sweden 2009



Corporate Investment to Increase Interest in Mathematics, Science and Technology
A general analysis for the Volvo Group

Nicholas Tengelin, Chalmers University of Techngiog

Abstract

It goes without saying that for most companiesnost industries, the company’s talent is its madtiable and
critical asset. But what happens if the recruitmzage is not big enough for a company or wholestrguand
who are the real stakeholders? This thesis lodhkstive special case of talented personnel in malies)
science and technology (MST), a base that is clhibyemany to be shrinking. But is the supply bassly
shrinking below the size of demand? If so, whataissing this to happen, who is at fault, what caxldne
about it and what is industry’s role? The objectioé this thesis are (1) to identify if there iasen for the
Volvo Group to invest resources in increasing i$ein mathematics, science and technology edurcatid
careers and, if so, (2) to identify how such inmestt should best be made.

The thesis shows that the Volvo Group must (A)rgjtkeen its employee offering and employer brandiffigrt

in Sweden to ensure the Group’s relative attrantgs as an employer, as a backlog in the workfon@@uction
of engineers is now unavoidable. In order to awotolonged workforce deficit, the Volvo Group shib(B)
lobby the Swedish Government to execute researalem@mmendations on improving the image of maths,
science and technology (MST), MST professionalsMBd careers as well as improving MST education and
curriculum. For the same reason, the Volvo Grouwqukh(C) partner with other companies in collabioigtvith
schools by taking part in activities that put M®itoi meaningful life and career contexts, provide models
and provide career information. Doing nothing aglging on others to act is financially out of theegtion; the
resulting workforce deficit would create a lossef income amounting to SEK 1.8 billion over 201022 for
the Volvo Group in Sweden alone, provided the Seledlational Agency for Higher Education’s labourrkes
forecast is accurate. Statistics from Eurostat@BE€D indicate similar trends, but are not comprehen
enough to allow the same detailed level of conolusschool business partnership, in Sweden and/etse in
Europe, should be built in cooperation with otlweral, national or European stakeholders in ordensure cost
effectiveness.

The Volvo Group faces similar challenges in Frasee Japan. In fact, although Europe and most of the
analysed countries have experienced increases iabtbolute number of graduates from MST tertiancation
from 1998 to 2006, negative demographic trendsalkilsation of access to tertiary education arapdrin the
proportion of students choosing MST s likely torba negative or, in some cases, very negativedhyra
absolute numbers in the years to come. At the sam@e and despite the current financial crisis, dpthis
likely to increase, creating a workforce deficitmrany of the analysed countries. Negative attittdexiucation
and work in science and technology among Europamy further support this conclusion. The quesisamot
whether there is a problem, but rather how bigattedolem is. Unfortunately, due to the lack of bewerkforce
demand forecasts, a good answer cannot be provided.

The main factors behind the proportional declinetinice of MST education are () the image of masiegence
and technology — (a) Science and technology needgeaceived to be fulfilled, and (b) Certain spésations
may be perceived as a threat to society —, (Ilynfage of MST professionals and careers — (a) dobs
perceived to be meaningful, (b) Lack of attractioke models, (c) Lack of information and understagdf
careers, (d) Job market perceived as unstablg(ear@areers perceived as unattractive — and (IBIM
education and curriculum — (a) Education is nohseemeaningful and does not sufficiently addrasdents’
values and concerns, (b) Pedagogical innovatioeqsired, and (c) Teachers are ill-equipped. Sicpuift
transversal gender aspects exist in each of tlaesers.

Schools are not “real” or definitive stakeholderkjch is a critical conclusion as it expels theiowthat the
problems are for them to resolve. The reason isthley see their role as preparing and equippiag gtudents
for prosperous lives as democratic citizens ratthan providing employers with personnel. Thuss ip to
European private and public corporations and engwkyuniversities and legislators to work togetbaackle
the factors above, concretising researchers’ recamaations on how, at national and local levels @hoiih
carefully prepared implementation plans. In doiagteey need to give the gender aspects speaigitiath. The
complex cultural differences between the worldsasfools, universities, legislators and corporativesd to be
handled with respect, but also need to be overc&meape’s young depend on it.

Key words: ‘Talent shortage’, ‘Workforce deficithd ‘School business collaboration’






Investissements des entreprises visant a accroittmtérét pour les mathématiques, la
science et la technologie
Analyse générale a I'intention du Groupe Volvo

Nicholas Tengelin, Chalmers University of Technglog

Résumeé

Pour la plupart des entreprises de la majoritéodasches d’activité, il va sans dire que des collateurs de
talent constituent la ressource la plus précietiepus cruciale. Mais que se passe-t-il si lsehde
recrutement ne suffit pas pour répondre aux besbime entreprise ou de tout un secteur et qui lesnt
véritables parties prenantes ? Cette thése s’saérau cas spécifique du personnel de haut niaaules
domaines des mathématiques, de la science etéehiaologie (MST), dont de nombreuses personnemafit
gu’il va en se raréfiant. Mais cette offre est-eflaiment en train de devenir inférieure a la dethea? Si c'est le
cas, pourquoi, a qui la faute, comment y remédiguel réle pour les industriels ? La présentedladeux
objectifs : (1) découvrir si le Groupe Volvo a umnne raison d'investir des ressources dans I'essgment de
l'intérét pour les études et les carrieres dansniethématiques, la science et la technologie at&itifier les
modalités de cet investissement.

La thése montre que le Groupe Volvo doit (A) reaéorson offre employés et son image de marque
d’employeur en Suéde pour se rendre attractiflesaingénieurs vont inévitablement devenir une éermle plus
en plus rare. Pour éviter un déficit de main d’ceypnolongé, le Groupe Volvo doit (B) faire presssum le
gouvernement suédois afin qu'il applique les recamadations des chercheurs visant a redorer le bldes®n
mathématiques, de la science et de la technoldfsT |, des professions et des carriéres dans les, M&E
aussi qu'il améliore les études et le cursus daaglomaines. Pour la méme raison, il aurait inf&(&) nouer
des partenariats avec d’'autres entreprises aftoliborer avec des écoles en participant & destéstplacant
les MST dans des contextes de vies et de cargéatifiantes, mettre en avant des personnes dsigtlmes
auront envie de suivre I'exemple et fournir desinfations sur les carrieres. Ne rien faire et cempar les
autres pour agir est financierement hors de quedti® déficit de main d’ceuvre qui en résulteraitainerait
une perte de revenu net de 1,8 milliard de SEKee2i10 et 2025 pour le Groupe Volvo en Suéde uniguog
si les prévisions du marché du travail de ’Agenatonale suédoise pour I'enseignement supérietr so
exactes. Les statistiques d’Eurostat et de 'OClzdheaent des tendances similaires, mais ne sont pas
suffisamment exhaustives pour parvenir a une cermiuaussi détaillée. Il conviendrait de mettrekte des
partenariats avec des écoles en Suéde et ailleuEarepe, en collaboration avec d’autres partiesgmtes
locales, nationales ou européennes, afin d’astarentabilité de l'initiative.

Le Groupe Volvo est confronté aux mémes défis emée et au Japon. En fait, bien que I'Europe plupart
des pays analysés aient constaté une augmentatiooncbre absolu de dipldmés du troisiéme cycle &TM
entre 1998 et 2006, les tendances démographiqgesives, la stabilisation de I'accés aux étudesalsieme
cycle et la chute de la proportion d'étudiants sissant ces matiéres risquent d'exercer un eftgttiidu,
parfois méme, trés négatif sur les nombres abslalos les années a venir. Dans le méme temps épérde la
crise financiére actuelle, 'augmentation probatdda demande dans un grand nombre des pays anabée
d'entrainer un déficit de main d’ceuvre. Lattitudgative des jeunes européens face aux études et au
professions scientifiques et techniques confortie @®@nclusion. La question n’est pas de savdiesgiste un
probléme, mais d'en déterminer 'ampleur. Malhesegoent, I'absence de meilleures prévisions dentedéde
de main d'ceuvre interdit de donner une bonne ré&pons

Les principaux facteurs sous-jacents au déclingmtamnel du choix d’études MST sont (I) 'imagesde
mathématiques, de la science et de la technoldgieles besoins scientifiques et techniques sergiys comme
satisfaits et (b) certaines spécialisations peudtatpercues comme des menaces pour la soc{@)d'image
des professions et des carrieres dans les MSTleg@&mplois ne sont pas pergus comme intéresgats,
manque de personnes dont I'exemple puisse donrer @a les imiter, (c) manque d’informations et de
compréhension des carriéres - et (lll) études stUsUMST - (@) les études semblent manquer d'ineérée
répondent pas suffisamment aux valeurs et aux pogations des étudiants, (b) il faut faire preuvendvation
pédagogique et (c) les enseignants sont mal équrpés chacun de ces facteurs existent également
d’'importants aspects transversaux liés au genre.

Les écoles ne sont pas des parties prenantedesréalu définitives. Cette conclusion crucialenéeila notion

que la résolution des problémes reléve de leur étenge. En effet, elles considérent que leur réiele
préparer et d’'armer leurs étudiants & mener despviEsperes en tant que citoyens de pays démagatjutot



gu’a fournir du personnel a des employeurs. ll@evdonc aux entreprises et aux employeurs deswssct
public et privé européens, aux universités et agislateurs de s'attaquer ensemble aux facteulesssius afin de
concrétiser les recommandations des chercheutessaréthodes a utiliser, au niveau national etl |eoautenues
par des plans de mise en ceuvre soigneusement gséfar faisant, ils devront préter une attentiotiquéiére
aux aspects liés au genre. Les différences cukksrebmplexes entre I'univers des écoles, des tsitgs, des
I€gislateurs et des entreprises sont a gérer agpect, mais aussi a surmonter. Les jeunes d’Ewope
dépendent.

Mots clés : « pénurie de talents », « déficit denndéoeuvre » et « collaboration écoles-entreprises
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Investering fran naringslivet for att 6ka intressetfor matematik, naturvetenskap och teknik
En generell analys for Volvokoncernen

Nicholas Tengelin, Chalmers Tekniska Hogskola

Sammanfattning

Det behover knappt sagas att for de flesta foreidg flesta industrier, s ar foretagets kompetiss mest
vardefulla och avgorande tillgdng. Men vad handemrekryteringsbasen ar for liten for ett foretalgreén hel
industri och vilka ar egentligen de verkliga insesterna? Detta examensarbete tittar pa speaalfainpetens
inom matematik, naturvetenskap och teknik (MNT)rekryteringsbas som manga pastar krymper. Men
krymper verkligen rekryteringsbasen sa till dendga#t den understiger eller kommer att understigafeagan?
Om svaret &r ja, vad ar orsaken, vem &r skyldid,kem goras at det och vad &r naringslivets roléei med
examensarbetet &r (1) att identifiera om det fgkd for Volvokoncernen att investera resurset ok intresset
for utbildningar och arbete inom matematik, nattemekap och teknik och om svaret ar ja, (2) idem&fhur en
investering bast bor goéras.

Examensarbetet visar att Volvokoncernen maste tgkka arbetstagarerbjudandet och arbetsgivarvakanir
Sverige for att sékerstélla koncernens relativaktivitet som arbetsgivare, eftersom en efterskgpn
arbetskraftsproduktionen av ingenjérer nu ar oukdyiFor att undvika en utdragen arbetskraftsbhstr
Volvokoncernen (B) arbeta for att den svenska tiagen skall folja forskarnas rekommendationer om at
forbattra bilden av matematik, naturvetenskap e&hik (MNT), yrkesverksamma och karriarer inom MNT
samt utbildningar och laroplaner inom MNT. Volvokennen bor av samma skal, tillsammans med andra
foretag, (C) samarbeta med skolan for att sathdNIT-amnena i meningsfulla livs- och karriarsammarach
bidra med forebilder och karriarinformation. Attrgdnget och lita pa att andra skall agera &r ekoskt helt
oférsvarbart; den resulterande arbetskraftsbrisketle leda till ett inkomstbortfall pA SEK 1,8 failder for
Volvokoncernen i Sverige 2010-2025, forutsatt digbkoleverkets arbetsmarknadsprognos ar rattvisande
Statistik frAn Eurostat och OECD visar liknandatier, men ar inte tillrackligt omfattande for dtéta samma
detaljerade grad av slutsatser. Samarbete meltda skh néringsliv, i Sverige och i 6vriga Europér byggas i
samverkan med andra lokala, nationella och eurk@éigressenter for att sdkerstalla kostnadseffiéti

Volvokoncernen star infor liknande utmaningar irfkidke och Japan. Faktum &r att, aven om Europalech
flesta av de lander som analyserats har sett egéingp det absoluta antalet examinander fran hétpitgining i
MNT 6ver 1998-2006, sa kommer en negativ demogeafistabilisering av tilltradet till hogre utbilag och en
minskande andel studenter som véljer MNT att haegativ eller valdigt negativ inverkan pa de abtolu
antalen under aren som kommer. Samtidigt och imetarande finanskris, kommer efterfragan att 6kaleda
till en arbetskraftsbrist i manga av de lander soalyserats. Negativa attityder till utbildning caibete inom
MNT bland Europas unga lamnar ytterligare stodstilksatserna. Fragan ar inte om det finns ettlprobutan
snarare hur stort problemet &ar. P& grund av avsigknav battre arbetskraftsprognoser, kan ingesvanges.

De huvudsakliga faktorerna bakom den minskandeland®m véljer utbildning inom MNT ar (1) bilden av
MNT — (a) samhéllets behov av MNT uppfattas sonmfylfipoch (b) vissa inriktningar uppsattas som
samhallsfarliga —, (1) bilden av MNT-yrken och rkidrer — (a) yrken och karriarer uppfattas intexso
meningsfulla, (b) forebilder saknas, (c) informatmm karriarmdojligheter saknas, (d) arbetsmarknaghgfattas
som instabil, och (e) karriarer uppfattas som aktiva — och (I1l) MNT-utbildningarna — (a) utbildhgarna ses
inte som meningsfulla och tar inte hansyn till umgrs varderingar och funderingar, (b) pedagogiskvation
behovs och (c) larare ar illa rustade. Betydandegende kdnsaspekter existerar i samtliga faktorer

Skolan ar inte en verklig intressent; en vasesiligsats eftersom det domer ut forestallningar tprablemen
ar skolans att [sa. Anledningen &r att skolardsesom sin roll att férbereda och utrusta sindestter for liv
som demokratiska samhallsmedborgare snarare lvatera arbetskraft till arbetsgivare. Saledesséiedet
for naringslivet, universiteten och lagstiftarnasjdlva hantera faktorerna ovan och konkretiserskirnas
rekommendationer om hur detta bast gors, pa natiocle lokal niva tillsammans med noggrant utardeta
implementeringsplaner. | det, maste genusaspekt@®saarskild uppmarksamhet. De komplexa kulturella
olikheterna mellan skolan, universiteten, lagstiftaoch naringslivet maste hanteras med respekdaeniste
ocksa overvinnas. Europas unga ar beroende av det.

Nyckelord: 'Kompetensbrist’, 'Arbetskraftsbrist’ bc¢Samverkan skola naringsliv’
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1. Introduction

It goes without saying that for most companiesnost industries, the company’s talent is its most
valuable and critical asset. Therefore, compamessit huge amounts of resources in acquiring,
deploying, developing and retaining talented pemsb(Deloitte Research, 2004). In most of the
world, national, regional or local educational sys$ provide the base from which companies acquire
personnel, be it the educational systems’ primapgion and responsibility or not. But what happens

if the base is not big enough for a company or alegmdustry and who are the real stakeholders?

This thesis looks into the special case of acqgitéented personnel in mathematics, science and
technology (MST), from a base that is claimed byiyi@ be shrinking. Headlines like “Lack of
engineers costs Germany billions” (Financial Tirdesitschland, 2007), “Science crisis in the
making” (The Japan Times, 2006), “Manufacturindlskiould effectively disappear in our own
lifetime” in the Daily Mail, United Kingdom, (Barse and Cavazza, 2006), “America is in trouble in
science and education” (USA Today, 2007), “The Habour-shortage time bomb” (EurActive.com,
2007) and “In 2020, Sweden will be lacking 50.08@ieeers” in Dagens Nyheter, Sweden,
(Gustavsson, 2007) have sent cold chills throughhathematics, science and technology community
across the world. European industry leaders irfEtimepean Round Table of Industrialistsake the
case that the shrinking base is a pressing issusrirgg the attention of a multitude of stakehoklén
fact, the European Round Table of IndustrialisB)@& p.1) state that they have “identified incregsi
young people’s interest in mathematics, scienceteetthology as essential for sustainable economic
growth in Europe”.

But does or will the shortage really exist? Isshpply base really shrinking below the size of
demand? If so, what is causing this to happen, i fault, what can be done about it and what is

industry’s role?

Acquire Deploy Develop Retain

Figure 1 (Source: Adapted from Deloitte Research (2004))

! The European Round Table of Industrialists (ERT3n informal forum bringing together around 4%¢hi
executive officers and chairman of major multinatibcompanies of European parentage



1.1. Rationale

The rationale for conducting this thesis work toe ¥olvo Group is concern that the base from which
the Group is dependent on being able to acquieatadl personnel in MST is shrinking. Note that the
Group’s dependency in itself is accepted as trde ldlso that it is the availability of human resms

in MST that is being assessed and not the Grougilisyeto attract human resources in MST.

1.2. Objectives
The objectives of this thesis are to
— ldentify whether there is reason for the Volvo Grdo invest resources in increasing
interest in mathematics, science and technologgathin and careerand if so

— ldentify how such investment should best be made

1.3. Scope of thesis

1.3.1. Workforce requirements as per Geography and Market

The Volvo Group acts in an increasingly global nedykvith production facilities in 19 countries and
sales activities in around 180 countries (AB VoI2009). This thesis accepts as true that the Gsoup
dependent on being able to acquire talented peesanMST at most of these locations. However, for

reasons of restricted resources, this thesis isiidetl to Europe and the European market.

1.3.2. Research
This thesis is, for reasons of restricted resoumeldmited to analysis of readily available resbaand

statistics. No complementary data collection wdldarried out.

1.4. Method of inquiry and Thesis outline

The method of inquiry and thesis outline go handand. Although many informal consultations with
researchers, policy makers and industry leaders ganed the inquiry, all of the theory, data,
discussions and conclusions in this thesis aredosdely on a review of published research papers,

policy reports and statistics.

First, an inquiry is undertaken to verify claimsitlthe base from which the Group is dependent on
being able to acquire talented personnel in MSShigking, and that this will lead to difficulties
recruiting. Evidence including data on demograprstsdent access to education, student choice of
MST, student attitudes to MST, adult attitudes t8Tvand demand of human resources in MST is

presented and analysed along with conclusionsapteh 2.



Second, a stakeholder analysis based on some ofdtiels and methods described by Fassin (2009),
Freeman (1984), Mitchell et al. (1997), Varvasoysakd Brugha (2000), Earl and Clift (1999) and
Bunn et al. (2002) is conducted to get a clear wwéwho the stakeholders are in order to set
subsequent conclusions in relation to the rolestakeholders might have or take in the issue al.han

The analysis is presented along with conclusiorchapter 3.

Third, research papers are reviewed in order totigevhat the problem is and who could be doing

something about it. This is presented along withctusions in chapter 4.

Fourth, an inquiry into current attempts to addtessproblem is undertaken to provide the means to
align subsequent recommendations with ongoing itiesvacross Europe. This is presented along with

conclusions in chapter 5.

Before drawing final conclusions in chapter 7, aalgsis of corporate options and incentives to

respond, based on the previous chapters, is pessenthapter 6.

For the benefit of the reader, an extensive nurabeglevant graphs have been kept out of the main

report and collected in appendix 1. Calculationslvafound in appendix 2.






2. Is there really a problem?

There is concern that the base from which the V@voup is dependent on being able to acquire
talented personnel in maths, science and techndM&)), is shrinking. But is this really true arif,
so, will it really lead to difficulties recruitingPhis chapter attempts to provide the answer by
verifying that thesupplyactually is shrinking, and that tbdemandor talented personnel in MST is or

will become larger than the supply.

2.1 Method and framework

2.1.1. The problem in detail

Behind the problem lie a number of potential isshes can be identified from the schematic in fegur
2. Note that flows through the pink area, typicaintrolled by companies through employer branding
and other recruitment activities, is outside thepgcof this thesis.

Migration Migration Migration Migration Migration
& & &

T3

. Primary Second.
Demographics D—’{ school school

Immigration Immigration Immigration

Univers. Univers.
Bachel. Master

Base from
which to
acquire

Workforce
immigration

D Inflow of people

External influencers

‘ Decision

Figure 2 Schematic flows of people into a generic Europehucation system (light
green boxes), labour market sectors (hexagons)fiaatly, VVolvo or another employer.

Out of scope

Following the schematic in figure 2 from top totoot and from left to right, the potential issuen ca
be identified as follows. If the supply base adyuis shrinking, either
— fewer people are entering the education system thenstart or at later staggshe
number is mainly determined by demography but bysschool capacity, migration

and immigration);



— fewer people are completing educati@ducational attainment);
— fewer people are choosing MST educatiitve number is determined by people
themselves but influenced by the education systedreaternal influencersyir

— workforce immigration is declining

2.1.2. Data sources

Statistics that quantify the flows identified ircden 2.1.1 are of interest to the analysis.

Demography

Historical statistical data on demographics andafgaphical projections are continuously provided
by numerous organisations around the world. Thasithrelies on Eurostat for European data and the
United Nations Population Division for data on Ghidapan and the United States. For Europe the
total 18-year-old population year by year from 14903 to 2025 is presented in some cases along
with trend lines. The age, 18 years, has been aHoséts proximity to both upper secondary school
and university, and the method of presentatiorbleasn chosen for its simple detail. For the refezenc
countries, China, Japan and the United Statesotakl5- to 19-year-old population every five y&ar
from 1990 to 2030 is presented along with trenddirThis differs from the presentation chosen for

Europe, as more detailed comparable data has eotfband available.

The data will serve the purpose of this thesis.well

Migration and immigration
Data on migration and immigration is neglectedréasons of limited resources. This source of people
is currently limited compared to European birthepidted in the section on demography, but not

negligible. The exclusion increases the error nmaofithe conclusions in this thesis.

It should be added that current trends indicatettieanet flow of workers into (+) and out of (-)
Europe will be negative in the next decades, mahily/to the ongoing massive boom in several Asian

economies.

School capacity
Data on school capacity is excluded for reasorisnitied resources. With the exception of dropout
rates, school capacity should be equal to educdtaitainment (see below). Excluding data on school

capacity will therefore not significantly affectetitonclusions of this thesis.



Educational attainment

Historical statistical data on educational attainms continuously provided by numerous
organisations around the world. This thesis raeslata from Eurostat and OECD. Few published
forecasts have been found, and those found ardysdemographical projections similar to those
already presented in this thesis and have therefairbeen included. The data will serve the purpose

of this thesis well.

Choice of MST education

Data on the number and percentage of applicanisres, enrolled and graduates would provide
valuable insight into different aspects that wamldist certainly be relevant to the conclusions is th
thesis. For example, application rates can be agémdicative of what people are interested in
studying, entrance rates can be seen as indiatisenfirmed choice to enter and graduation rates
include dropout rates. However, detailed, homogsnconclusive and cross-nationally comparable
data on students’ choice of MST education has eetlfiound and is not likely to exist. Instead, in
most cases, limited and somewhat outdated datadroenent OECD report (2008c) on science and
technology graduates at the upper secondary stdwam| and historical data from Eurostat and OECD
on MST graduates at the tertiary level, will hawestiffice. Although all of the countries within the
scope of this thesis were asked for more detaibgibscs, only Sweden responded. Few published
forecasts have been found, and those found ardysdemographical projections similar to those

already presented in this thesis and have therefairbeen included.

Although the data will serve the purpose of thissih, the lack of supplemental data increases the

error margin of the conclusions in the thesis.

Student attitudes to MST
While what affects student attitudes and the defgreééhich student attitudes are actually linked to
student choice will be touched upon in subsequiespters, they are undoubtedly a parameter to be

considered.

Numerous attitude surveys have been conducted tfidsss relies on three larger scale surveys that
have received more attention than others:
— The Relevance of Science Education (ROSE); yousugégs aged 15 from more than
40 countries have expressed their views on seaspacts related to science and
technology (Sjgberg and Schreiner 2008).
— Eurobarometer survey; covering issues similar t&R@or the adult population in 32

European countries and as presented by Sjgber§amdiner (2008).



— OECD’s Programme for International Student AssessniSA, report 2006

(OECD, 2007) which includes a section on studegagament in science.

These data will serve the purpose of this thesls we

Demand for human resources in MST.

Although demand forecasts exist, they are ofteersdy criticised for being very unreliable and have
therefore been excluded. A qualitative analysis suffice for the purpose of this thesis, but ekl

of data regarding demand for human resources in lM&Tweakness that will increase the error

margin of the conclusions.

2.1.3. Data model and scope
As a result of the above, evidence on supply amdbdé, illustrated in figure 3, is taken into acdpun
incorporating data on demographics, educationainasittent, choice of MST education, student

attitudes to MST and demand for human resourciSm.

1
1
Supply . Demand
1
Educational Choice of MST ! MST
Demography attainment education demand

Student attitudes to MST

Figure 3 Data taken into account to verify that the suppgéis shrinking that the
demand for talented personnel in MST is or willdnee larger than the supply

The scope of this thesis is, as previously stateliimited to Europe and the European market. Thus
this chapter examines Europe as a whole with dasées of Belgium, France, Poland, Sweden and
the United Kingdom, as these are countries of speglievance to the Volvo Group, case studies of
Finland, Ireland, Italy and the Netherlands, fderence within Europe, and finally, case studies of
China, Japan and the United States for referentsgdeuEurope and due to their special relevance to

the Volvo Group. The case studies are presentEthapter 7: Appendix 1.

2.1.4. Creation of a supply indicator
The objective of creating an indicator is to enaliteple and graphical communication about the
subject being assessed. Ideally, a supply indicabeld reflect the historic and forecast future@yp

of human resources in MST, in absolute numbera ochange compared to today. The creation of



such an indicator would require high-quality higtal and forecast future statistics on the majow8
in the schematic in figure 2. However, such stagso not fully exist, and the uncertainty in the
assumptions required to fill present data gaps evoerider the indicator worthless. In addition, the

available data is not fully comparable between toes

As a substitute, | have constructed a qualitatiygply development indicator based on an analysis of
available supply data by country and by categorthefdata model presented in figure 3. | have
assigned an indicator value on a 7-step scale tf 330 every country and category pair

corresponding to its level of positive or negatievelopment of supply.

Since the available data differs from country tartoy, and since several aspects of the data are
simultaneously relevant to conclusions, | determhitiee assigned indicator values in two steps based
on the multiple trends listed below. First, | edidied preliminary indicator values based on the
primary trends (D-I, E-I and M-I) according to timervals in table 1. Second, | established final
indicator values by permitting my qualitative arsadyof the secondary trends (D-Il, E-ll and M-H) i
relation to corresponding primary trends to addudatract a maximum of 2 to or from the preliminary

values.

This qualitative indicator will enable the readeicompare development in the supply of human
resources in MST between regions as well as tdifgiehe critical factors affecting supply within a

specific region.

Indicator trends and intervals

Demography

(D-1) The primary trend for the development indaraon demography is the linear trend over the
period 1990/1993-2025/2030.

(D-Il) The secondary trend is the projected change 2005/2008 to 2020.

Educational attainment
(E-) N/A
I have not used a primary trend for the develogriraticator on educational attainment since
I have not found it possible to determine a reléwa@md in the statistics currently available.
(E-lIl) The secondary trends are the percentaggpér secondary school graduates to the population
at the typical age of graduation, the percentagbepopulation aged 25 to 64 having
completed at least upper secondary school eductiepercentage of tertiary graduates to
the population at the typical age of graduation tlredpercentage of the population aged 25 to

64 having completed tertiary education.



Choice of MST education

(M-I)  The primary trend for the development ind@aon choice of MST education is the combined
average of the changes in the percentage of gesltram mathematics, science and
technology tertiary education and the percentagguafents enrolled in mathematics, science,
computing, engineering manufacturing and constuadeertiary education. It is important to
note that change in percentage has been chosenlamye in absolute number as this
excludes demography and educational attainmenthwrave been previously accounted for.

(M-Il) The secondary trend is reserved for regspecific data, and is presented and described where

applicable.
D-I E-I M-I
2 Very positive 10% - 20% n/a 7% - 15%
1 Positive 3% - 10% n/a 3% - 7%
0 Insignificant (-)3% - 3% nfa (-)3% - 3%
-1 Negative (1)10% - (-)3% nla (-)7% - (-)3%

Table 1 Development indicator with primary trend intervals

Combined indicator

In addition to the development indicators assigieegach country and category pair, | have
constructed a combined indicator allowing compditgithetween countries. Such an indicator cannot
be created in a mathematically stringent way basealailable data. Instead, | have constructed a
gualitative indicator by averaging the categoryigatbrs country by country to establish their retat
order and scaling the country averages by a facfoto achieve a scale comparable to the original
development indicators.

10



2.2. Supply

2.2.1. Demography

Europe is clearly facing a huge demographical ehgk with the total population of 18-year-olds
within the European Union (EU27) expected to desday 22% from 1993 to 2020, as illustrated by
figure 4. The actual change from 1993 to 2008 wa%alecrease, and the projected change from
2008 to 2020 is a 14% decrease. The linear treadtbe period 1993-2025 is extremely negative (~
(-)25%).

Total 18-year-old population on 1 January each year
in the European Union (EU27)

Projection

Millions

Figure 4 (Data source: Eurostat, 2009a; Eurostat, 2009b)

Figure 5 exposes large variations among the ardlysentries including dramatic declines in theltota
population of 18-year-olds from 1993-2008 in 1t&dy1%) and Japan** (-35%). As illustrated by
figure 6, despite large national variations, magintries can expect a significant decrease (>3%) in
the total population of 18-year-olds from 2008 @2@. The only countries that can expect a
significant increase (>3%) are Ireland and the éthbtates of America. France and the Netherlands

can expect insignificant changes (<3%).

More data on demography is presented in the ndttas® studies in appendix 1.

Development indicator on demography

The primary trend for the development indicatordemography (D-I) is the linear trend over the
period 1990/1993-2025/2030, which generates thamnary indicator value -3 for Europe. The
secondary trend (D-II) is the projected change f&25/2008 to 2020, which does not affect the

analysis, consequently generating a final developrimglicator on demography for Europe set to -3.
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Change in 18-year-old population from 1993 to 2008

(absolute number)

35%

25% -

15% ~

5% -

-5% A

-15% A

-25%

-35% A

United States
of America**

(3'782'000)

Germany United
(128'690) Kingdom
Sweden (91:235)
(11'021)

Belgium Finland
(4507) (2929)

China**
(2'161'000)

Netherlands
(351)

France
(21'864)

Poland
(44'603)

EU27
(602'434)

Ireland
(9'313)

**) Data for China, Japan and the United States italy
of Arre'rica refers to 15- to 19-year-old (266'888)
population and change from 1990 to 2005.

Japan**
(3'510'000)

-45%

25%

15%

5%

-5%

-15% A

-25%

-35% A

-45%

Figure 5 (Data source: Eurostat, 2009b; United Nations Patjmr Division, 2009)

Projected change in 18-year-old population from 200 8 to 2020

(absolute number)

Ireland
(9'219)

United States

Netherlands of America**
France (4'326) (719'000)

(7'867)

ltaly .
(16'201)

Belgium
(5'746)

Finland

EU27 (7'426) Ton Japan**
(838'531) Kingdom (891'000)
]| Germany Sweden (121'632)
(200'680) (24'385)

China**

**) Data for China, Japan and the United States (36'698'000)
of America refers to 15- to 19-year-old Poland
population and change from 2005 to 2020. (191'690)

Figure 6 (Data source: Eurostat, 2009b; United Nations Patjmr Division, 2009)
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2.2.2. Educational attainment

Upper secondary school

Demography and student access to education bothcintipe largely varying change in the number of
upper secondary school graduates illustrated lydig. As demography has already been accounted
for in the previous section, it is more interestindook at student attainment in relation to therent

population.

Figure 8 displays the percentage of upper secorstdigol graduates to the population at the typical
age of graduation from 1995 to 2006. All of theliied countries exhibit positive trends except
Poland. Sweden and the United States remain bélekt/19 and OECD average for the whole

period.

Figure 9, which shows the percentage of the pojpnlaged 25 to 64 having completed at least upper
secondary education, paints a slightly differeotyie, placing Poland and Sweden at the top along
with Germany. A likely cause is that more younggiean Poland and Sweden graduate from upper
secondary school after what has been defined agptzal agé of graduation than in the other

countries included. In figure 9, all of the includeountries exhibit positive trends including Palan

Change in number of upper secondary school
graduates from 1998

25%

20% -

15% | e Belgium

e Finland

10% + France

e Germany
5% -
e |reland
0% - e |taly

e Japan
-50@ i
e Netherlands

-10% - = Poland

e SW eden

- 04
15% United States

-20% -

-25%

Figure 7 (Data source: Eurostat, 2009d)

1 “The typical age corresponds to the most commenaaghe end of the last school/academic yeareof th
corresponding level and the programme in whichdigngree is obtained.” (OECD, 2008a)
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Percentage of upper secondary graduates to the popu lation at
the typical age of graduation
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100% \ / —Germany
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P -
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Figure 8 (Data source: OECD, 2008a)
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Percentage of the population aged 25 to 64 having
completed at least upper secondary education
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Figure 9 (Data source: Eurostat,

2009c)

Tertiary education
Similarly to the upper secondary school case, deamtty and access to education both impact
developments in the number of tertiary graduatsglayed in figure 10. Many countries have

experienced very positive trends, notably Polartdbiting a 120% increase from 1998 to 2002.
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However, access to tertiary education is now exgktd stabilise (OECD, 2008c). Only Japan
experienced a decline, largely due to extremelyateg demographic trends. As demography has
already been accounted for in the previous sedtismore interesting to look at student attainine

in relation to the current population.

Figure 11 shows the percentage of tertiary gradu@BCED 5A) to the population at the typical age
of graduation from 1995 to 2006. All of the incladeountries exhibit positive trends and most
countries have experienced steep increases. Fiebgpetienced the steepest increase during the
period, but has now stabilised around 45-50%. Geyrstays well below the EU19 and OECD

average for the whole period.

Figure 12, which shows the percentage of the ptipnlaged 25 to 64 having completed tertiary
education, paints a slightly different picture,qitey Germany close to the OECD average. A likely
cause is that more young people in Germany gradratetertiary education after what has been
defined aghe typical agkof graduation than in all the other countrieseld. Italy and Poland
remain well below the OECD average for the wholegake which is almost certainly explained by a

later expansion of tertiary education than in ttieepanalysed countries.

Change in number of tertiary graduates
(ISCED 5 & 6) from 1998

120% /
100%

= Belgium
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80% -
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= Germany
60% - = |reland

e Japan

/—7‘ — Netherlands
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/_/ = e Poland
/ —— S\eden
20% / United Kingdom

United States

0%

-20%

Figure 10 (Data source: Eurostat, 2009¢e)

1 “The typical age corresponds to the most commenaaghe end of the last school/academic yeareof th
corresponding level and the programme in whichdigngree is obtained.” (OECD, 2008a)
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Percentage of tertiary graduates (ISCED 5A) to the
population at the typical age of graduation
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Figure 11 (Data source: OECD, 2008a)

Percentage of population aged 25 to 64
having completed tertiary education (ISCED 5A & 5B)
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Figure 12 (Data source: OECD, 2008b; OECD, 2009a)

Development indicator on educational attainment

A primary trend for the development indicator omeational attainment (E-1) has not been chosen, as
the available data needs to be analysed qualikatiVhe secondary trends (E-11) are the percentdge
upper secondary school graduates to the populatitre typical age of graduation, the percentage of

the population aged 25 to 64 having completedaat lepper secondary school education, the
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percentage of tertiary graduates to the populatidahe typical age of graduation and the percerfge
the population aged 25 to 64 having completedatgrééducation. Europe and all of the analysed
countries exhibit positive trends. However, it @& possible to conclude that the trendsvemey
positiveexcept perhaps for Italy and Poland, which aiagifom very low levels. The final
development indicator on educational attainmen&iamope is therefore set to 1.

2.2.3. Choice of MST education

Upper secondary school

No data for Europe as a whole has been found. O008c) recently published a report called
Encouraging Student Interest in Science and Teoggdbtudies, including somewhat outdated
statistics from 2003 presented in figures 13 andr'hése reveal an uneven picture, although the
report (OECD, 2008c) states that many countrieggapced a decline in the relative share of S&T
upper secondary school students among the ovandiist population in upper secondary school from
1993-2003.

Upper secondary S&T graduates from 1997

Evolution of the number of upper secondary graduates with an S&T orientation

I 1997 1 1999 = 2001 B 2003

Korea Norway Belgium Denmark  Netherlands France Finland Germany Israel
Flanders

Figure 13 (Source: OECD, 2008c)

Upper secondary S&T graduates from 1985-2003

B 1985 1 1995 = 2003

Denmark Finland France Israel Italy Korea Norway Sweden United
Kingdom

Figure 14 (Source: OECD, 2008c)
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More data on choice of MST education at upper sgagnschool is presented in the national case

studies in Chapter 7: Appendix 1.

Tertiary education

Europe and all of the analysed countries, exce@nlehave experienced a large increase in the
number of graduates from mathematics, scienceemihology tertiary education. In most cases this
is mainly due to considerable increases in acaesducation. In some cases, notably Japan,

demography has also had a large impact. Thisustifited in figures 15 and 16.

Number of graduates from mathematics,
science and technology tertiary
education (ISCED 5 & 6) in Europe (EU27)
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Figure 15 (Data source: Eurostat, 2009f)

Change in number of graduates from mathematics, sci ence and technology
tertiary education (ISCED 5 & 6) from 1998
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Figure 16 (Data source: Eurostat, 2009f)
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As demography and educational attainment havediieeen accounted for in previous sections, it is
more interesting to look at choice of MST educatiorelation to the total student population. Ewwop
has experienced a 2.7 percentage unit or 10.8%asein the relative share of graduates from
mathematics, science and technology tertiary etucand a 1.5 percentage unit or 5.6% decrease in
the relative share of students enrolled in mathesyadcience, computing, engineering, manufacturing
and construction tertiary education from 1998 t6&0r his is displayed in figures 17 and 18.

Relative share of graduates from mathematics,
science and technology tertiary education
(ISCED 5 & 6) among the total population of

tertiary graduates in Europe (EU27)
30%

25% 1 2_

22,4%

20%

15%

1998 1999 2000 2001 2002 2003 2004 2005 2006

Figure 17 (Data source: Eurostat, 2009f)

Relative share of students enrolled in mathematics,
science, computing, engineering, manufacturing and
construction tertiary education (ISCED 5 & 6)
among the total population of tertiary students
in Europe (EU27)
30%

26,7%

25%

25,29

20% A

15% ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
1998 1999 2000 2001 2002 2003 2004 2005 2006

Figure 18 (Data source: Eurostat, 2009f)
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Figure 19 shows the change in the relative shageanfuates from mathematics, science and
technology tertiary education for Europe and a nemalh the countries being analysed. In most
countries the change from 1998 to 2006 was negdtvé&weden the change was insignificant (<3%)

and for Finland and Poland the change was positive.

Change in the relative share of graduates from math  ematics,
science and technology tertiary education (ISCED 5 & 6)
among the total population of tertiary graduates fr om 1998

25% = Belgium
20% - = Finland

15% France

= Germany
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— |taly

0% - e Japan

-5% - — Netherlands
= Poland
-10% -
= Sweden

-15%

United Kingdom
-20% - United States
25% EU27

Figure 19 (Data source: Eurostat, 2009f)

More data on choice of MST education at the tertievel is presented in the national case studies i

the appendix.

Development indicator on choice of MST education

The primary trend for the development indicatorchnice of MST education (M-I) is the combined
average of the changes in the percentage of gesltraim mathematics, science and technology
tertiary education and the percentage of studemtdled in mathematics, science, computing,
engineering manufacturing and construction tertetycation which generates the preliminary
indicator value -2 for Europe. The secondary tr@vdl) is not applicable, which sets the final

development indicator on choice of MST educatiarBorope to -2.

2.2.4. Supply development indicator
The assigned development indicators for Europdlastrated in figure 20 together with the
combined indicator for Europe constructed accordiingection 2.2.4. It is clear that Europe is fgcin

very negative trends in the supply of human ressinc MST. The most important contributing factor
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is an extremely negative trend in demography, alghca very negative trend in choice of MST
education is not far behind. The national caseissgresented in Chapter 7: Appendix 1, allow the
comparison of regional combined indicators preskimtdigure 21. France, Germany, the Netherlands,
Sweden and the United Kingdom are the worst ofhefanalysed countries in Europe whereas
Finland and Poland show positive trends.

Supply development indicator: Europe
Indicating trends in the supply of human resources in MST

Extremely positive 3

Very positive 2 .
Educational
attainment
Positive 14
Insignificant 0 -
Negative -1
Very negative -2 A
Choice Combined
) of MST indicator
Extremely negative -3 -

Demography

Figure 20

Supply development indicator
Indicating trends in the supply of human resources in MST
(accounting for demography, educational attainment and choice of MST education)
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2.3. Demand

Although macro-level demand forecasts exist, threyodten severely criticised for being unreliable.
Inadequate data, questionable assumptions, coropiggxtual dependencies and countless variables
all contribute to making the analysis troublesoAtethe micro level, many employers have severe
difficulties in predicting their own future demafa human resources even just two or three years

ahead.

The scientific representation of demand for hunesources in MST is the foreseen recruitment
requirement of current employers given a set afsdes in a scenario. Some of the variables ang eas
to foresee, such as upcoming retirements and cempeexchange (change in workforce competence
composition). The age pyramid in figure 22 shovet targe age groups heading for retirement will
have to be replaced by much smaller age groupshvidilikely to lead to a substantial increasehin t
annual demand rate for human resources in MSTr&ig8 is an example of competence exchange
where the competence composition at the member &oiep of the Association of Swedish
Engineering Industries is being upgraded, increpgie demand rate for human resources with higher
education and thereby also the demand rate for huasurces in MST. Other variables are more
difficult to foresee, such as fluctuations in tiahcial market or changes in consumer behavicue. T

current financial crisis is an example that feweBaw. The demise of the dot.com boom is another.

EU27: 2008 Population by age groups and sex Age
Males groups Females
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e
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Figure 22 EU27: 2008 population by age group and sex
(Source: Economic Policy Committee, 2009)
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Figure 23 Level of education among the employees of the éiasion
of Swedish Engineering Industries’ member companies
Y-axis: Percentage of the total workforce
(Source: Teknikforetagen, 2009)
Swedish translation
Grundskola = Primary and Secondary School

Gymnasiet, max 2ar = Upper Secondary School, 2syentess

Gymnasiet, 3ar = Upper Secondary School, 3 years

Eftergymnasial <3ar = Tertiary education, less thauyears

Eftergymnasial 3+ ar = Tertiary education, 3 yeansmore

Another predominant representation of demand fandruresources in MST is the political one. The
European Commission and EU member state governroentimuously reiterate the fundamental
importance of MST in a knowledge-based economyedédent on research, development (R&D) and
innovation to drive competitiveness ensuring saaia economic growth. Industry supports this; the
European Round Table of Industrialists (2008, ptajes that they have “identified increasing young
people’s interest in mathematics, science and tdogy as essential for sustainable economic growth

in Europe”.

Indeed, MST education and R&D investment are bahlighted in the Lisbon agenda. Although the
Lisbon MST benchmark — an increase in the totallmemof graduates in MST by 15% from 2000 to
2010 - has been surpassed (see section 2.3),gberLiarget to increase the proportion of European
GDP invested in research from 1.9% to 3% is silldff, and will arguably require many more people

working in MST. See figure 24.
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Figure 24 Gross domestic expenditure on R&D in 2006.
The Lisbon target is 3%, as indicated by the ree.li
(Source: Eurostat, 20099)

The scientific and political representations of dachfor human resources in MST relate in the way
thatpull andpush- classic business terms in marketing and sugm@inaonanagement — relate to each
other. Pull and push mechanisms often operatettegethich is likely to be the case also in the
development of demand for human resources in M8feEway, most pull and push aspects indicate
an increase in demand, while few indicate a deetdhappears that worry expressed by Osborne and
Dillon (2008) — “... encouraging or persuading yoyoegpple to pursue careers in science without the
evidence of demand would be morally questionablis’perhaps unjustified. It seems evident that the

future will require more people with basic and atbed skills in MST, not less.
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2.4, Student attitudes to MST
While what affects student attitudes and the detgre¢hich student attitudes are actually linked to
student choice will be touched upon in subsequiempters, they are undoubtedly a parameter to be

considered.

The following figures 25-34, as presented by Sjglaerd Schreiner (2008), show some very
interesting trends. Note that the questions thetélkults are in response to can be found at titenbo

of each figure. The countries on the Y-axis ars@néed in order according to their United Nations
Human Development Index (HDI), meaning that thetieleveloped countries are at the top and the
most developed countries are at the bottom. ThgiXia a scale from disagree to agree. Sjgberg and
Schreiner (2008) have included comments and coinclsi®n the results in each figure. Figures 25
and 27 are based on data from a recent Eurobarosugtey (displayed to the upper left where
applicable — see logotype) and cover adult attgudile figures 26 and 28-34 are based on ROSE

data (see section 2.2.2) and cover attitudes afigdearners at the age of 15.

In addition to the comments made by Sjgberg andeSwr (2008), it is interesting to note the
apparent negative correlation between the analysentries’ level of development and young
people’s attitudes to education and careers imseiand technology, displayed in figures 32, 33 and
34.
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Mean F16. I would like to get a job in technology

Figure 34 (Source: Sjgberg and Schreiner, 2008)



2.5. Conclusions

This chapter started by raising the question oftidrethere is a problem. Is the base from which the
Volvo Group is dependent on being able to acqailented personnel in maths, science and
technology (MST) actually shrinking and, if so, Milis lead to difficulties recruiting? An attentpot
verify that thesupplyactually is shrinking that thdemandor talented personnel in MST is or will

become larger than the supply has been undertadcepravides the following answer.

Europe and most of the analysed countries expextkimcreases in the absolute number of graduates
from maths, science and technology tertiary edandtiom 1998-2006. However, negative
demographic trends, a stabilisation of accessrtiatg education and drops in the proportion of
students choosing MST is likely to have a negativén some cases, very negative impact on absolute
numbers in the years to come. At the same timegdasgite the current financial crisis, demand is
likely to increase, creating a workforce deficieddtive attitudes to education and work in sciexrag
technology among Europe’s young further suppost thinclusion. So yes, there is a problem.
However, due to the lack of better workforce demfamdcasts, it is not possible to say how big the

problem is.
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3. Stakeholder analysis

At this stage, it is important to have a clear vighwho the stakeholders are in order to set sulesgq

conclusions in relation to the role the stakehadeight have or take in the issue at hand.

Fassin (2009), adapted, states thastékeholderefers to any individual or group that maintains a
staké in the issue “in the way that shareholders passeares” in a company. Two types of
stakeholders emerge from the literature:dlaémantand theinfluencer(Kaler, 2002; in Fassin, 2009).
A claimanthas “some sort of claim” (Kaler, 2002) on the isbae@g resolved, while a@nfluencer
requires only a “capacity to influence” (Kaler, 20@he issue (adapted from Kaler, 2002). A single
stakeholder may also be of both types (Kaler 2088yvever, the theory of stakeholder analysis is
disputed, largely due to varying definitions of whastakeholder actually is. In the case of a
stakeholder in business, Fassin (2009) statesht to globalisation and technological evolution,
with improved communications and information systewmrtually everyone and everything,
everywhere, can “affect or be affected” by the sietis and actions of a business enterprise.” In a
similar manner, one could undoubtedly argue theesmmstakeholders in the issue at hand. However,
in order to achieve useful results, the mappedcareborised stakeholders must be the most relevant

in response of the objectives of this thesis aqd teea limited number.

3.1. Stakeholder mapping
A literature review, taking the initial definitiosf a stakeholder and the potensab-issues into
account, yields the following potentisdakeholders.

Small/large private/public
corporations/employers

Shareholders

Board

CEO

Top management

Middle management

HR organisation

Employees

Customers

Suppliers

Unions

Employers associations

Trade associations

Schools (primary, secondary and
upper secondary)

Management

Teachers

Career counsellors

Students

National agencies for lower education,
curriculum development and
school improvement

Teachers associations

Student unions

Parents (of students)

Siblings (of students)

Friends (of students)

Universities

Management

Faculty

Career counsellors

Students

National agencies for higher education
Student unions

Parents (of students)

Siblings (of students)

Friends (of students)
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Legislators

Local/regional governments
National governments
European Parliament

European Commission

Media

Daily newspapers
Television

Radio

Internet

Other

Employment agencies
Statistical agencies
Science centres
Science museums

Science exhibition



3.2. Stakeholder categorisation according to Fassin 's Stake Model
3.2.1. Definitions
Although many stakeholder models exist, Fassing2@@esents one that has a particularly useful
graphical interpretation. Fassin (2009) categorssakeholders into three main categories: “real”
stakeholders, stakewatchemdstakekeepers:or the issue at hand, the following definitiommch
(adapted from Fassin, 2009):

— Stakeholderareclaimants‘who hold a concrete stake” in the issue.

— Stakewatcher&o not have a real stake themselves” but “prafeetinterests of real

stakeholders”. “They are often proxies or interragids” such as pressure groups.
— Stakekeeper&are independent regulatorsho have no stake” in the issue “but have

influence and control”.

3.2.2. Graphical interpretation of definitions
Based on the previous definitions, Fassin (2008yides a graphical interpretation, shown in figure
35, for the case of stakeholders in business. ategory ‘non stakeholders’ has been removed from

the original figure.

FIRM / CORPORATION
:l Generic stakekeeper

(T Stakewatcher
] Stakekeeper
) -
- - Specific
} / stakekeepers
ey

Stake- )
stakewatcher
holder

Associated
stakeholders

T~
~
~
G .
stakekeeper

Figure 35Graphical interpretation of the stakeholder modekpnted by Fassin (2009)
for the case of stakeholders in business. (Soddapted from Fassin (2009))

managameant

3.2.3. Analysis of potential stakeholders and resul  ts

This section presents the result of the analysisrding to Fassin’s (2009) Stake Model followedsby
short discussion, particularly on potentially contrsial categorisations. A full presentation & th
analysis of every potential stakeholder is outsigescope of this thesis, as it would not conteliot

the conclusions.
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Stakeholder _ Stakekeeper

Shareholders

Board

CEO
Top management
Middle management

Local/regional governments
National governments
European Parliament
European Commission

HR organisation Small/large
Employees private/public Legislators
Customers corporations/ Other
Supplier: employers Science centres

Science museums
Science exhibitions

University \ [/ "T=--___ Other
Management Employment agencie)s
Facult Statistical agencie

Schools

Management
Teachers ) B
Career counsellors Universities
Students Career counsellors
Students

National agencies for lower education, curriculu
development and school improvement
Teachers associations
Student unions
Parents (of students)
Siblings (of students)
Friends (of students)

National agencies for higher educatio
Student unions
Parents (of students)
Siblings (of students)
Friends (of students)

Media
Daily newspapers
Television
Radio
Internet

Figure 36 Graphical result of stakeholder categorisationu(8e: Adapted from Fassin (2009))

Potential stakeholders linked to Private and putsiporations and employers in MST have either

been categorised as stakeholders by definitioheofdsue itself or as stakewatchers who want to

protect their associated stakeholders’ interests.

Potential stakeholders linked to Schools have loagggorised as stakekeepers, thus defining them as
independent regulators with no stake in the issilegresolved. The rationale is that a generic
European lower education system sees its rolegggmpng and equipping its students for prosperous
lives as democratic citizens. It does not seelts ais providing employers with personnel.

An illustration of the above is the Swedish Edumath\ct 1985:1100, which states that “education
shall provide the pupils with knowledge and skalisl, in co-operation with the homes, promote their
harmonious development into responsible human beand members of the community”.
Employment in relation to curriculum is only memtés once: Upper Secondary School programmes
“shall form the basis for further education at l@gkducation level and for employment”. Working
life in relation to curriculum is only mentionedam adult education shall give adults an “oppottuni
to strengthen their position in working life”. Thgnot a lot of mention, considering that the Sisled

Education Act 1985:1100 is 50 A4 pages long.
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Potential stakeholders linked to Media have be¢egcaised as stakekeepers as they have no stake,

but do have influence and control (Fassin, 2009).

The categorisation of potential stakeholders linteedniversities is similar to that of Schools, hwit

the difference that University management and fgdwdve been defined as stakeholders as opposed
to stakekeepers. The reason is that a generic Eandmgher education system to a large extent sees
its role as preparing and equipping students fgleyment and working life. In addition, Universgie

in MST are themselves dependent on being ablecoir@cpersonnel in MST.

Employment agencies and statistical agencies hese tiefined as stakekeepers as they have no stake

but have influence and control.

Science centres, museums and exhibitions havedefared as stakeholders as their roles include

disseminating science into society.

Potential stakeholders linked to Legislators haserbdefined as stakeholders as the public holads the

responsible for ensuring economic growth withiritheandated territories.

3.3. Stakeholder categorisation according to Mitche Il et al.
Mitchell et al. (1997) provides another way of classifying stakkééis, which | believe relevant in
analysing individuals and groups, from differentiaband cultural contexts, that potentially have a

stake in this issue.

3.3.1. Definitions of stakeholder attributes
Mitchell et al. (1997) define the following stakeholder attributes
— Power “A relationship among social actors in which @ogial actor, A, can get
another social actor, B, to do something that Bld:owt have otherwise done”
(Mitchell et al, 1997).
— Legitimacy “A generalized perception or assumption thatattons of an entity are
desirable, proper, or appropriate within some siyoi@nstructed system of norms,
values, beliefs or definitions” (Mitchedit al, 1997).

— Urgency “The degree to which stakeholder claims callifmmediate attention.”

3.3.2.  Graphical illustration of defined attributes and stakeholder categories
Based on the previous three defined attributes;hditet al. (1997) provide a graphical illustration,
shown in figure 37, which includes seven main dtalder categories. The categories are defined by

which of the three attributes they possess.
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Power

Dominant

Stakeholder
 Definitive

Stakeholder

Dependent
Stakeholder

Urgency Legitimacy

Figure 37 Graphical illustration of stakeholder attributesl aategories as described
by Mitchell et al. (1997). (Source: Adapted from Mitchell al,, 1997)

For the issue at hand, the following definitionsdn@dapted from Mitchekt al, 1997):

— Dormant Stakeholdetsave the power to affect the issue but no urgency
legitimacy, and therefore no reason to engagesiregolution.

— Demanding Stakeholdensho urgently want to affect the issue but haveower or
legitimacy, “are the mosquitoes buzzing in the 'e@vitchell et al.,1997) and
warrant no attention from other stakeholders.

— Discretionary Stakeholdeltzave the legitimacy to affect the issue but no groev
urgency, and are simply recipients of any outcome.

— Dangerous Stakeholdensho have the power and urgently want to affecisbae
but have no legitimacy, can be coercive and hartofits resolution.

— Dependent Stakeholdenave the legitimacy anatgently want to affect the issue but
no power and depend on others to resolve it.

— Dominant Stakeholdetsave the power and legitimacy to affect the isautenb
urgency. “They may or may not ever choose to a¢heir claims” (Mitchellet al.,
1997).

— Definitive Stakeholderngossess all the attributes and are central tcsthes

resolution.
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3.3.3.  Analysis of potential stakeholders and resul

ts

This section presents the result of the analysierding to Mitchellet al. (1997) followed by a short

discussion, particularly on potentially controvatsiategorisations. A full presentation of the gsial

of every potential stakeholder is outside the saffibis thesis.

All of the potential stakeholders linked to Privated public corporations and employers, except

Customers, have been categorised as definitivelstddters. They have legitimacy and urgently want

to affect the issue by definition of the issuelftseubsequent chapters will show that they alseeha

power. Customers have not been categorised akehstder as they do not possess any of the

stakeholder attributes.

University management and faculty have been categbas definitive stakeholders as they have

legitimacy and urgently want to affect the isswe,reasons previously described in 3.3.3, and

subsequent chapters will show that they also hawep The remainder of the potential stakeholders

linked to Universities have been categorised asimim stakeholders as they lack urgency.

All of the potential stakeholders linked to Legtsia have been categorised as definitive staket®lde

as they have power and legitimacy by definitiord as they have urgency for reasons previously

described in 3.3.3.

Small/large private/public

corporations/employers
Shareholders

Board

CEO
Top management
Middle management

HR organisation

Employees

Suppliers

Unions
Employers associations
Trade associations

University
Management
Faculty

Legislators
Local/regional government
National government
European Parliament
European Commission

Other
Science centres
Science museums
Science exhibitior

Small/large private/public
corporations/employers
Customers

Non stakeholder

Dominant
Stakeholder

Stakeholder

Dependent
Stakeholder
(None
identified

Schools

Management

Teachers

Career counsellors

Students

National agencies for lower
education, curriculum development
and school improvement

Teachers associations

Students unions

Parents (of students)

Siblings (of students)

Friends (of students)

Universities

Career counsellors

Students

National agencies for higher
education

Student unions

Parents (of students)

Siblings (of students)

Friends (of students)

Media

Daily newspapers
Television

Radio

Internet

Other
Employment agencies
Statistical agencit

Figure 38 Graphical result of stakeholder categorisationu(Se: Adapted from Mitchelt al.,1997)
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Science centres, museums and exhibitions havedaefgred as definitive stakeholders for reasons

previously described in 3.3.3.

All of the potential stakeholders linked to Schoatsl Media as well as Employment agencies and
Statistical agencies have been categorised as datrstakeholders as they lack urgency for reasons

previously described in 3.3.3.

3.4. Conclusions
The issue is complex and engages many stakehalfieasious categories. However, it is interesting
to note that the methods of Fassin (2009) and Miteh al. (1997) both identify the following four
stakeholder groups:

— Private and public corporations and employers

— University management and faculty

— Legislators

— Science centres, museums and exhibitions
The fact that Schools are stakewatchers and ratstéders, according to the methods of Fassin
(2009),and dominant stakeholders and not definitive stakksns, according to the methods of

Mitchell et al. (1997), is critical as will be shown in subsequempters.
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4. What is causing the problem and who could be doi ng
something about it?

While negative demographic trends clearly havedratiwill have negative impact on the absolute
supply of human resources for maths, science amhobogy, an analysis of causes of the same lies
outside the scope of this thesis. This chapterdeswn the other major issue with negative imghet:
proportional decline in choice of maths, science @ehnology education.

Backtracking from right to left through figure 38lbw, it is the decision to choose and the chofce o
maths, science and technology education as sutlstbiinterest. While chapter 2 measured
structural choice, determined by application towhBous stages of Europe’s education systems,
emotional choice, i.e. intended structural choisenade earlier and must also be taken into account
But what is it that determines structural and eor@l choice? What is causing the proportional
decline in choice of MST education, and who cowdlbing something about it? Measured attitudes
are an indicator of emotional choice, and therefesearch into student attitudes to MST as such,
MST education and MST careers will be drawn upotihéanalysis. However, measured attitudes,
conscious or unconscious, are externally triggeesgdonses to predetermined questions and do not
necessarily exhibit a one-to-one relationship toiahitself. Finally, attitudes are, in turn, seera

large degree as being the result of influence firftaencers. So who are the influencers and how are
they influencing choice?

Attitude to choice
(expressed)

I

Influencers of choice Decision / Choice
-Image of maths, science and technology - Structural
-Image of MST professionals and careers - Emotional, intended structural

-MST education and curricula

Figure 39
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4.1. Method

The link between influencers of choice and chdiselfi is explored based on a review of well-cited
literature. This is done under three headings spoerding to three of the five groups of factors
influencing student choice identified by OECD (200§1) image of maths, science and technology,
(2) image of MST professionals and careers ant&) education and curricula. The fourth group,
(4) teacher training, qualification and developmenaddressed within the framework of the first
three. The fifth group, (5) gender and minoritisssplit. Gender will be handled separately as an
important transversal issue running through thet three as well as within the framework of thetfir
three. Minorities will be addressed within the fiamork of the first three. Although three of OECD’s
(2008c) headings are used, it is important to tiwethe review under each heading is based on

multiple sources and not necessarily in line whth views expressed by OECD (2008c).

Following the review under each heading, recommimgstargeted at stakeholders as identified in
chapter 3, neglecting theircentiveto react, are put forward as conclusions basdti®@analysis.

Finally, the recommendations will be summed up disdussed at the end of the chapter.

4.2. Observations of modern youth

First of all, a few observations of modern youté presented as critical to the subsequent analysis.

4.2.1. Young people’s identity construction

The researchers behind ROSE (see section 2.5ki8ehand Sjgberg (2007), argue that young
peoples’ educational choices are an importantgfdtteir identity construction. Whereas identities
pre-modern societies were perceived to be handedr@scribed on the basis of factors such aslsocia
status, modern societies emphasise the individiradspendence and responsibility to develop her
identity herself, through her own personal choig&sldens, 1991, and Co6té, 1996, in Schreiner and
Sjaberg, 2007). Every choice made and action takpnblic can be interpreted as a sign of one’s
identity including school attainment, subject prefees and classroom behaviour (Goffman, 1959;
andLyng, 2004;in Schreiner and Sjgberg, 2007). In addition, Sclereamd Sjgberg (2007) refer to
Frasnes (1998) stating that “...signs of what onis are just as important as signs of what one is”
The question ‘What do you want to be when you gu@®’ is no longer relevant. Instead young

people are concerned abaiothey want to be when they grow up.

4.2.2. Age

Another observation that is important to bear inagnivhen reading the following sections is that
research shows that young people aged 13-15 heagglformed attitudes towards science
education. This suggests that any attempt to inleghese attitudes should start much earlier
(Osborne and Dillon, 2008 and OECD, 2008c).
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4.3. Factor 1: Image of maths, science and technolo gy

4.3.1. Science and technology needs are perceivedt o be fulfilled

Problem

What is the problem?

Although ROSE findings show that young people adirahe world find science and technology
interesting and recognise science and technology@artant to society and societal development,
they also indicate that young people in the westard perceive the need faewscience and

technology as fulfilled.

Schreiner and Sjgberg (2007) suggest:

“Is it possible that young people associate thie tdishese professions [science and
technology professiongy interpretatiohwith the development of even broader bridges,
even faster aircraft, newer techniques for pumpin@il, even smaller mobile phones
and even faster computers with even larger starageacities? Is it possible that young
people, in particular girls, believe that today&atth and environment problems
overshadow the worries we may have about to ‘skiveraft, computers’ ‘poor’ storage

capacity and ‘limited’ access to fossil fuels?”

The analogy with Maslow’s hierarchy of needs iscl&cience and technology is seen as interesting
and important to society and societal developmmiitbecause society is seen as already sufficiently
served with science and technology — i.e. Appleaaly manufactures iPhones, the Volvo Group
already manufactures trucks etc. — and scientiji@ald technologically fully developed — i.e. onihe
fine-tuning of aircraft etc. remain — science aechnhology is not meaningful to the young individual
in the developed world. Schreiner and Sjgberg (R006iclude that “it might be that we have now
passed the era in which the work of physicistdnatans and engineers is seen as crucial to psople
lives and well-being”. Instead, young people araitig to education and careers higher up the
hierarchy. Which these are and why they are highahe hierarchy is outside the scope of this thesi
Nevertheless, young people need to know that theiice of education will make it possible for them
to build a career that they find important and niregfial. This observation of modern youth is
fundamental and supported by a growing body ofares$e It will be addressed again in the following

sections on the image of MST professionals andecai@nd MST education and curricula.

Who is causing the problem?
The following stakeholders, stakewatchers and kiqgers, described in chapter 3, are the main
contributors to the problem, as they all play a k@g in communicating what today’s science and

technology is about:
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— Small/large private/public corporations/employestaikeholder)
— University management and faculty (stakeholder)

— Legislators (stakeholder)

— Schools (stakekeeper)

— Maedia (stakekeeper)

Recommendations
Suggestions in the literature
Schreiner and Sjgberg (2007) suggest changingrthge of science and technology by

communicating an interpretation of science andrteldgy more attuned to young people’s values:

“In addition to computers and oil pumps, the phigsiand the engineer develop methods
for utilising alternative energy sources, they depdechnologies for eliminating
landmines, create methods for more animal friefity production, devise solutions for
protection against deadly weapons, invent newunstnts for treating diseases and so

on.

My recommendations

Corporations | - Communicate the relevance of your MST to

& Employers | further societal development as well as how MST
fits in with young people’s values and concerns
through the internet, television, newspapers,
radio, in the class room etc. (As an example, the
Volvo Group could communicate the relevance of
its products in ensuring vital societal functions
such at the distribution of provisions and the
linked importance of developing sustainable
technologies.)

Universities

- Encourage and fund communication of the
relevance of MST to further societal development
as well as how MST fits in with young people’s
values and concerns through the internet,
television, newspapers, radio, in the class room
etc.

Legislators
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4.3.2. Certain specialisations may be perceived as  a potential threat to society

Problem

What is causing the problem?

Somewhat at odds to the above, some argue thagymople might be turning away from science
and technology as they blame science and techné&ogyegative impact on society such as climate
change. However, this is largely contradicted leyliterature. OECD (2008c) brings up additional
perceived potential threats to society such astgemedification of plants and animals, cloningsrst
cell research, animal testing and surveillanceesyst but also concludes that “Science and techpolog
are considered important for society and its ewmhytdespite concerns in specific areas, ofterelink

to negative environmental and social consequerfcgsence and technology”. Schreiner and Sjgberg
(2007) conclude that “modern youth are relativadgipive to the influence of science and technology
on society”. Thus, although science and technologpecific specialisations might be perceived as a

potential threat to society, science and technoiogieneral is not.

Who is causing the problem?
The following stakeholders, stakewatchers and &eqgers, described in chapter 3, limited to those
linked to the specialisations such as those singledbove, are the main contributors causing the
potential problem, as they all play a key role amenunicating what the specialisations are about:

— Small/large private/public corporations/employestaikeholder)

— University management and faculty (stakeholder)

— Legislators (stakeholder)

— Media (stakekeeper)

Recommendations

None.

4.4. Factor 2: Image of MST professionals and caree rs

In assessing the image of MST professionals arekcsyrit is important to note that a majority (60%)
of the population in Europe primarily acquires thagrceptions of MST professionals from television,
and a large part of the remaining population aeguihem from newspapers, magazines and the
internet. Moreover, OECD (2008c) argues that mbgtestories are inaccurate and communicate
negative values. The report goes so far as tohsay $cientific ignorance among the media and ubli
impoverishes debate about serious choices facicigtgth The same might be said about the

entertainment industry.
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4.4.1. Jobs not perceived to be meaningful

Problem

OECD (2008c) states that “there is a sharp difieedretween the positive opinion of young people
towards science and technology and their actudl Weigpursue science and technology careers”.
Young people in the western world do not percedlssijin science and technology as meaningful to

them, for reasons previously described in secti@ril4

Recommendations

Suggestions in the literature

Among the solutions offered by the literature, Qslkaand Dillon (2008) state that school science
“needs to offer a better idea of ... why these cargsmience and technology careensthor’'s

interpretatiorj are valuable, worthwhile and rewarding.”

My recommendations

Corporations | . communicate why your science and technology
& Employers | careers are valuable, worthwhile and rewarding
(e.g. through the internet, television, newspapers,
Universities | radio, in the class room etc.)

- Task schools with communicating why science
and technology careers are valuable, worthwhile
and rewarding in and around the class room

Legislators

- Task education agencies with following up

4.4.2. Lack of attractive role models

Problem

What is causing the problem?

Many studies indicate that young people, especiatly, indeveloped countridack attractiverole
models in MST professions and that this is turtivem away from MST careers. As opposed to their
counterparts in the developing world, they havegative stereotyped perception of a scientist “.t.tha
swings between two visions of a man in a whitedadit staring intelligently at some exotic glassware
full of scientific-looking liquid, or of a wild-haed eccentric solving mile-long equations but iradap

of posting a letter”citation OECD, 2008c). Schreiner and Sjgberg (2007) sudbasthey “...do not

want to have an identity that is seen to be comuaegith being a physicist or an engineer”.
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OECD (2008c) refers to a study among students wWbeeto leave science and technology studies

conducted by Seymour and Hewitt (1997) stating that

“They [the studentany interpretatioi portrayed engineers, especially, as dull,
unsociable (often materialistic) people who lackgabrsonal or social life and were
unable to relate comfortably to non-engineers. Twiese also portrayed as uncreative

people, who avoided or decried the idea of a broadecation”.

In developing countries, young people have a p@sjierception of scientists, often seeing them as
heroes in society (OECD, 2008c, and Schreiner gmioesy, 2007).

Who is causing the problem?
The following stakeholders, stakewatchers and kesqgers, described in chapter 3, are the main

contributors to the problem, as they all act aglay a key role in communicating attractive role

models:
— Small/large private/public corporations/employestaikeholder)
— University management and faculty (stakeholder)
— Media (stakekeeper)

Recommendations

Suggestions in the literature

Role models such as professional contacts andyfan@mbers working in science and technology
have a positive impact on student choice of sciemcktechnology (OECD, 2008c). OECD (2008c)
states that “... as much as parents, teachers ad§jevhat influences them in their career choice is
meeting real people working in the considered fi@dprofessions”. Many studies argue that more

should be done to provide students with role monteMST professions.

My recommendations

Corporations | _ proyide role models inside and outside school
& Employers | attuned to young people’s values and concerns
- Work for the provision of role models in media

Universities
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- Task schools with integrating provision of role

Legislators _ _ _
models into science and technology education

- Task education agencies with following up

4.4.3. Lack of information and understanding of car  eers

What is the problem?

OECD (2008c) makes the points that “few people fmvaccurate understanding of science-related
professions, and many are largely unaware of thgeraf career opportunities opened up by science
and technology studies” and that “positive decisitmpursue science and technology studies and

careers are often linked to better knowledge.”

Although this is a wider problem, the literaturéenf addresses the specific role of careers advasts
teachers in school. Careers advisors are failingfeom students of the range and interest of
professions science and technology studies cartéedihdering them from making informed choices
(OECD, 2008c). OECD (2008c) refer to Munro and EI@000) stating that “... science and
technology teachers sometimes are reluctant tesadieir students about science and technology,

afraid they do not have enough information and ingge wrong advice”.

Who is causing the problem?
The following stakeholders, stakewatchers and keqgers, described in chapter 3, are the main
contributors to the problem, as they all play a k&g in communicating career information:

— Small/large private/public corporations/employestsikeholder)

— University management and faculty (stakeholder)

— Schools (stakekeeper)

— Media (stakekeeper)

Recommendation
Suggestions in the literature

OECD (2008c) is comparatively expressive in itsgaggions, stating that

“The education system can do nothing about workingditions and career prospects in
most science and technology professions, but intake sure that students have access
to information about science and technology cardetsis accurate, credible, and avoids

unrealistic or exaggerated portrayals, either negatr positive. This information should
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be compiled by independent observers, and mad&biato the education community,
parents and students. Better information on sciendetechnology jobs should also be
provided through direct contacts with professionaitgl governments should earmark

resources for such outreach actions, and for aegab®ir effectiveness.”

and that
“One way to encourage greater participation collgs toe to provide the various persons
who advise students on choices of study and cangiespecific training in what science
and technology has to offer. Apart from careers@ightation professionals (and of

course the students), this effort should be extémnolstudent’s parents or carers.”

My recommendations

Corporations | _\york with schools to provide students,
& Employers | teachers, careers advisors and parents with
accurate career information

Universities

- Task schools to work with corporations and
employers to provide students, teachers, careers
advisors and parents with accurate career
information

Legislators

- Task education agencies with following up

4.4.4. Job market perceived as unstable

Problem

What is causing the problem?

Gagoet al.(2004), a report from the European Commission Higbel Group on Human Resources
for Science and Technology in Europe, &ECD (2008c) argue that young people may percéiee t
science and technology job market as unstable,reifblar and significant lay-offs scaring them away

from MST careers.

Although “unstable” may be a true description fadividual business sectors in MST with cyclical or

fading markets, somewhat to the contrary, chaptaakes the case that the total demand for human
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resources in MST is likely to increase in the fatwhile supply is likely to lag behind. Thus, the
description “unstable” does not appear to be tou¢hfe MST job market as a whole. In addition, MST
job market stability in relation to other job matk&as not been sufficiently investigated. It mayyv
well be that the job market in MST is more stabl@ntother job markets. Nevertheless, all parties

would benefit from accurate job market informatlming made available and actively communicated.

Who is causing the problem?
The following stakeholders, stakewatchers and keqgers, described in chapter 3, are the main
contributors to the problem, as they all act aglay a key role in communicating status of the job
market:

— Small/large private/public corporations/employestaikeholder)

— University management and faculty (stakeholder)

— Employment agencies (stakekeeper)

— Statistical agencies (stakekeeper)

— Media (stakekeeper)

Recommendations

My recommendations

Corporations
& Employers

- Work with employment agencies and statistical
agencies to improve information about the job
market

Universities

- Task employment agencies and statistical
agencies to work with corporations and
employers to improve information about the job
market

Legislators

4.45. Careers perceived as unattractive

Problem

What is causing the problem?

According to some reports referring to averagersmand job satisfaction rates, science and
technology careers are perceived as unattractiZ€[@(2008c) states that incomes are perceived as

“...low relative to the amount of work involved aruktdifficulty of the required studies”.
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However, perception and reality do not appear ttvenge. According to Gaget al. (2004),

“on the whole, the science, engineering and tedgyolvorkforce is adequately, but not
handsomely paid”. The report refers, inter aliaa &tudy by the Engineering Council (2004) in
the United Kingdom stating that “first-time gradesiwith engineering qualifications are
among the best paid of all professions, betterdyllmnthose in law and clinical dentistry.” In
addition, Gaget al. (2004) concludes that “... there is a high levesatisfaction within the
science, engineering and technology career steictGagoet al.(2004) go on to argue that
“much should be made of these facts to countegémeral public’s perception that science,

engineering and technology workers are poorly paid”

However, the issue of salaries is perhaps notaglsias portrayed above. At the 2009 annual
conference of Société Européenne pour la Formdtsringénieurs (European Society for
Engineering Education) with the theme ‘Attractiraupg people to engineering’, Dr Frank Stefan
Becker of Siemens’ department Corporate Communmisatand Government Affairs presented an
alternative perspective. Becker (2009) arguesitlimnot the average salaries of engineers tleathar
problem. Instead, the problem is an engines'sentprospect of earning a huge amount of money
and becoming famous and a hero in society. Be&#19) states that “we live in a media-dominated
‘jackpot society’ in which the apparent succesa &dw — albeit highly unlikely — ‘winners’ motivate
considerably more young people to invest in suattely ticket careers’ than in less thrilling, but

more secure alternatives”.
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Figure 40 The educational background of managers at Siemens
(Source: Becker, 2009)

Becker (2009) also presents a case study of theaddoal background of managers at Siemens
relative to their position in the company hierarchige result, displayed in figure 40, shows that th
higher up the company hierarchy you look, the sendie proportion of managers with a science and

technology university degree. Meanwhile, the opigasitrue for managers with other university
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degrees. Becker (2009) argues that career opptesifor those with science and technology degrees

are thus inferior to career opportunities for thadl other degrees.

I have not been able to find any similar studies,tbe relationship between the educational

background of managers and career opportunitiethat maths-, science- and technology-intensive

corporations appears important to look into.

Who is causing the problem?

The following stakeholders, stakewatchers and keqgers, described in chapter 3, are the main

contributors to the problem, as they all act aglay a key role in communicating job satisfaction:

Small/large private/public corporations/employestaikeholder)
Employers associations (stakewatcher)

Unions (stakewatcher)

University management and faculty (stakeholder)
Employment agencies (stakekeeper)

Statistical agencies (stakekeeper)

Media (stakekeeper)

Recommendations

My recommendations

Corporations | - Communicate salaries and job satisfaction rates
& Employers | - nyestigate the relationship between the

educational background of your managers and
Universities | their career opportunities

45, Factor 3: MST education and curriculum

4.5.1. Education is not seen as meaningful and does not sufficiently address

students’ values and concerns

Problem

What is the problem?

Young people in the western world do not percetigcation in science and technology as meaningful

to them, for reasons previously described in secti@.1. OECD (2008c) states that “motivation

seems to depend on the perception they have [d48idave author’s interpretatiohof the subject’s
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relevance to their own life and society”. In addliti many argue that science and technology educatio

does not sufficiently address student’s valuescamterns.

Who is causing the problem?
The following stakeholders, stakewatchers and keqgers, described in chapter 3, are the main
contributors to the problem, as they all act aglay a key role in the above:

— Small/large private/public corporations/employestsikeholder)

— Universities (stakeholder)

— School (stakekeeper)

Recommendations

Suggestions in the literature

OECD (2008c) states that “... the relevance of séemd technology to students’ concerns should be
a central part of how science is taught and reptedenot an optional extra brought in occasionally
try to boost flagging interest” and refers to adgtof Finnish ninth-grade students conducted by

Lavonenet al.(2005) suggesting:

“Students wish most of all to increase the numibetsits to places of interest and the
use of experts in teaching. Guest speakers andtolal visits provide a starting point
that is more natural than traditional learning mats for becoming acquainted with the
applications of scientific information, and showe @hpplications of science beyond

school.”

Johansson and Mouwitz (2007) emphasises the nésdpport and develop activities to increase
interest in and provide greater insight into thieigarole and significance of mathematics in evayyd

and working life, science and society.”

Schreiner and Sjgberg (2007) suggests:
“If young people are not concerned about furtheional economic growth, but desire an
identity that is coherent with the late-modern puosterial values, then school science

could demonstrate to students that science andatay subjects play a crucial role in

accomplishing exactly these values.”
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Osborne and Dillon (2008) suggests:

“School science has done little to consider homight appeal to the values and ideals of

contemporary youth and their culture. Hence, oemis that what school science

requires is a new vision of why an education iesce matters that is widely shared by

teachers, schools and society.”

My recommendations

Corporations
& Employers

Universities

- Work with schools to provide meaningful life
and career contexts attuned to young people’s
values and concerns, and to provide professional
contacts

Legislators

- Task schools with working with corporations,
employers and universities to incorporate
meaningful life and career contexts attuned to
young people’s values and concerns, and
professional contacts into maths, science and
technology education

- Task schools and education agencies with
developing a new vision of why education in
maths, science and technology matters, and with
ensuring that this vision is widely shared by
teachers, schools and society and is relevant to
young people’s values and concerns

4.5.2. Pedagogical innovation required

Problem
What is the problem?
Rocardet al.(2007), a report from the

European Commission’shHigvel Expert Group on Science

Education Renewal, argues that pedagogical inmmvadirequired, stating that “in most European

countries, science teaching methods

are esserdiadlyctive” and that “a reversal of school's sceenc

from mainly deductive to inquiry-based methods pes the means to increase the interest in

science”. Osborne and Dillon (2008) supports thisctusion, stating:
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“An accumulating body of research shows that thdagegy in school science is one that
is dominated by a conduit metaphor, where knowlesilgeen as a commodity to be
transmitted. For instance, teachers will speakyofig to ‘get across’ ideas or that
students ‘didn’t get it.” In this mode, writing gthool science rarely transcends the
copying of information from the board to the studénotebook. ... Research would
suggest that this limited range of pedagogy isreason why students disengage with

science — particularly girls.”

Who is causing the problem?
The following stakeholders, stakewatchers and keqgers, described in chapter 3, are the main
contributors to the problem, as they play a keg iolthe above:

— School (stakekeeper)

— Education agencies

Recommendations

My recommendations

- Task schools with implementing inquiry-based

Legislators _ :
science education

- Task education agencies with supporting the
implementation of inquiry-based education and
following it up

45.3. Teachers ill-equipped

Problem

What is the problem?

The literature indicates that many teachers asmjiliipped to educate young people in maths, science
and technology. OECD (2008c) states that “... maignee teachers do not come from a science and
technology background and may have received bttleo training in science and technology subjects”
and that “teachers’ initial and further training,\well as their intrinsic motivation to teach, hare
impact on teaching quality, but also on the motoradl factors that influence student attitudes to

science and technology studies”.
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OECD (2008c) goes on to say that:

“... a majority of those studying physical scienoesecondary education and over a
quarter of those studying mathematics are edudstéelachers who do not have any
formal qualification in these subjects. Even quedif experienced teachers may have
insufficient knowledge of developments in such@t-faoving domain. Continuous
training is often lacking or does not focus on tle¢ioal subject content. As a result,
many science and technology teachers may need &dge/lupdating and may not be at
ease with the latest science and technology dewveots. And yet, the latest science and

technology developments are precisely what intenest young people.”

Osborne and Dillon (2008) state that “good qudbiychers, with up-to-date knowledge and skills, are
the foundation of any system of formal science atlan” and that “there is considerable evidence
that recruiting teachers of science of the higljestity in many countries is either problematicjsor

likely to become problematic in the coming decade.”

Also Johansson and Mouwitz (2007) state that “thumtion of and conditions for teachers are the
most important issue”, and emphasise the needdm‘gualified teachers in mathematics on all Isvel

for children, young people and adults”.

Who is causing the problem?
The following stakeholders, stakewatchers and keqgers, described in chapter 3, are the main
contributors to the problem, as they all act aglay a key role in the above:

— Small/large private/public corporations/employestsikeholder)

— Universities (stakeholder)

— Universitieseducating teacherstakekeeper)

— School (stakekeeper)

Recommendations

My recommendations

Corporations | - Work with schools conducting in-service training
of MST teachers and universities educating MST
teachers to ensure inclusion of tuition in new
scientific and technological developments, and in
how MST is relevant to your organisation and
future societal development

& Employers

Universities
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- Task schools with conducting in-service training
of non-MST-educated MST teachers to
substantially raise their proficiency in MST
subjects, or with replacing non-MST-educated
MST teachers with teachers who are MST-
educated

Legislators

- Task schools with working with corporations
and universities to implement frequent in-service
training of MST teachers on new scientific and
technological developments and how MST is
relevant to working life and future societal
development

- Task universities educating MST teachers to
work with corporations and other universities to
ensure inclusion of tuition on new scientific and
technological developments and how MST is
relevant to working life and future societal
development

- Take action to increase interest in MST teacher
education

4.6. Gender

The statistics presented in chapter 2 on choi®d@T education and attitudes to education and career
in MST, as well as the literature previously reveéeln this chapter, have revealed large gender
differences. The gender aspects of current chalemgMST education are critical for societal
development in a broad sense, and many arguet ieamong girls and women that the largest
potential to increase interest in MST education @aréers exists. The gender aspects are in
themselves a subject for a separate thesis. Howneefollowing brief and general discussion based

on the reviewed literature aims to shed at leasiesight on the issue.

4.6.1. A historic perspective

What is feminine and what is masculine, or whatoisially accepted as being ‘for women’ or ‘for
men’ is defined by society and has been shapedlytiess previous generations. Science in its
youth, in the Renaissance period, was the domabothf women and men. As Science grew and was
accepted into the world of Universities, women wgnadually excluded by men who created norms
and official rules for scientific communication thraade it impossible for women to participate.
Political, moral, ethical and emotional represeatet of science, those traditionally perceived as
feminine, were gradually deemed irrelevant andlidvdhere is also a strong connection to the

Catholic tradition of a male-only priesthood exéhgiwomen, particularly from mathematics and its
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associated sciences. Scientific terminology evolvid examples of gender discrimination; nature is
often spoken of as female, while science is spokes male with controlling and manipulative
attributes. Prestigious European Academies of $eiercluded women up until recently (Sjgberg,
2004, Wertheim, 1997, Wertheim, 2006, and Schiewint®89, in Sjgberg, 2004).

4.6.2. Today — five hundred years later!

Science is still clearly the domain of men, andréraoval of women from this domain is even seen as
natural by many, including both men and women (&jgb2004). Students and teachers, like other
women and men, are part of society and share the parceptions of MST and the stereotypical view
of people in MST. Thus, it is perhaps not surpgdimat girls in the industrialised world are less
interested than boys in MST education and car€ranging this in the short term would require
nothing less than a cultural revolution. Not chagt as soon as it is possible would be a catalico

loss for humanity.

46.3. Whatto do?

The gender aspects are transversal and need tedreaitention in evergttempt to increase interest

in MST education and careers. This includes alhefrecommendationwesented in sections 4.2-4.5.

Recommendations
Suggestions in the literature
OECD (2008) indicates that a good place to starn ssience communication, including adapting

pedagogy and school textbooks, e.g. by removingatygped images of MST.

My recommendations
In addition to the transversal gender aspectd pravious recommendations, | recommend the

following as first steps:

Corporations | - Promote female colleagues as role models in all
external communication including employer
branding. A considerable predominance of
women in all external communication over a long
period of time will undoubtedly be necessary in
order to achieve gender balance in the long term.

& Employers

Universities

- Step up efforts to ensure equal opportunities
between women and men in the employee
offering. Consider promoting inequality in favour
of women over a period of time in order to
achieve equality in the long term.
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- Ban gender-stereotypical pedagogy and school

Legislators
textbooks

- Task education agencies with following up this
ban on gender-stereotypical pedagogy and
school textbooks, and with supporting the
implementation of non-gender-stereotypical
pedagogy and school textbooks

4.7. Conclusions

This chapter has presented the main factors béhenproportional decline in choice of MST
education, identified who is at fault and put fordveecommendations on stakeholder action. It has
also highlighted that gender aspects need to ngittention in every attempt to increase intarest
MST education and careers. However, it has not pessible to determine the relative importance of

the recommended actions.

The recommendations from sections 4.3-4.5 have bel@cted in a table on the next page. They need
to be concretised at national and local levels@lweith carefully prepared implementation plans.
Simplistic top-down decisions will not suffice, aatk in many cases not even possible due to
prevailing governance structures. The complex calltifferences between the worlds of schools,
universities, legislators and corporations nedaetthandled with respect but overcome. Innovative
funding streams enabling the commitment of relegtakeholders, stakewatchers and stakekeepers

need to be put in place.
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Corporations & Employers / Universities

Legislators

Image of maths,

Science and technology needs are perceived to be
fulfilled

- Communicate the relevance of your MST to further societal development as well
as how MST fits in with young people’s values and concerns through the internet,

- Encourage and fund communication of the relevance of MST to further societal
development as well as how MST fits in with young people’s values and concerns

science and television, newspapers, radio, in the class room etc. (As an example, the Volvo through the internet, television, newspapers, radio, in the class room etc.
technology Group could communicate the relevance of its products in ensuring vital societal
functions such at the distribution of provisions and the linked importance of
developing sustainable technologies.)
Certain specialisations may be perceived as a N/A N/A
potential threat to society
|mage of MST Jobs not perceived to be meaningful - Communicate why your science and technology careers are valuable, - Task schools with communicating why science and technology careers are

professionals and
careers

worthwhile and rewarding (e.g. through the internet, television, newspapers, radio,
in the class room etc.)

valuable, worthwhile and rewarding in and around the class room

- Task education agencies with following up

Lack of attractive role models

- Provide role models inside and outside school, attuned to young people’s values
and concerns

- Work for the provision of role models in media

- Task schools with integrating provision of role models into science and
technology education
- Task education agencies with following up

Lack of information and understanding of careers

- Work with schools to provide students, teachers, careers advisors and parents
with accurate career information

- Task schools to work with corporations and employers to provide students,
teachers, careers advisors and parents with accurate career information

- Task education agencies with following up

Job market perceived as unstable

- Work with employment agencies and statistical agencies to improve information
about the job market

- Task employment agencies and statistical agencies with working with
corporations and employers to improve information about the job market

Careers perceived as unattractive

- Communicate salaries and job satisfaction rates

- Investigate the relationship between the educational background of your
managers and their career opportunities

N/A

MST education
and curriculum

Education is not seen as meaningful and does not
sufficiently address students’ values and concerns

- Work with schools to provide meaningful life and career contexts attuned to
young people’s values and concerns, and to provide professional contacts

- Task schools with working with corporations, employers and universities to
incorporate meaningful life and career contexts attuned to young people’s values
and concerns, and professional contacts into maths, science and technology
education

- Task schools and education agencies with developing a new vision of why
education in maths, science and technology matters, and with ensuring that this
vision is widely shared by teachers, schools and society and is relevant to young
people’s values and concerns

Pedagogical innovation is required

N/A

- Task schools with implementing inquiry-based science education

- Task education agencies with supporting the implementation of inquiry-based
education and following it up

Teachers are ill-equipped

- Work with schools conducting in-service training of MST teachers and
universities educating MST teachers to ensure inclusion of tuition in new scientific
and technological developments, and in how MST is relevant to your organisation
and future societal development

- Task schools with conducting in-service training of non-MST-educated MST
teachers to substantially raise their proficiency in MST subjects, or with replacing
non-MST-educated MST teachers with teachers who are MST-educated

- Task schools with working with corporations and universities to implement
frequent in-service training of MST teachers in new scientific and technological
developments, and in how MST is relevant to working life and future societal
development (See page 53 for two additional items)
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5. Current attempts to address the problem

This chapter aims to provide a brief overview afrent attempts to address the problem and thereby
the means to align possible subsequent proposalsrporate investment to increase maths, science
and technology with ongoing activities across Earefthe ambition being to optimise the theoretical

rate of return on any such investment. This wildloee based on a literature review.

5.1. Conducted inquiries into current efforts

It is evident from the literature that many thowsnf projects and initiatives targeting an inceshs
interest in maths, science and technology educatoincareers exist across Europe. However, most of
them are of relatively small scale, reaching ouy ¢mlocal youth, and most depend on the
commitment of individual or small groups of entfasss. The latter is true regardless of whetheoor n

the project or initiative is supported by a largeganisation.

5.1.1. Mappings of projects and initiatives

Despite the large number of references to progeudsinitiatives in the literature, no published,
European-wide mappings of the same exist. How&@rardet al. (2007) conducted an analysis of a
selection of European projects and initiatives idging two, Pollen and Sinus-Transfer, as
particularly innovative and promising. (Pollen Wikt presented briefly in section 5.2.) In addititbre
report Technopolis (European Commission, 2007)tifles 56 projects and initiatives across Europe

within the limited scope of science mentoring aciérsce ambassador schemes.

National mappings exist to some extent, but manyireromplete. Undoubtedly, one of the more
extensive published mappings is the MoMoT@dienitoring von_Mdivationskonzepten fir den
Techiknachwuchsjnternet database, run by the German Academyieh8e and Engineering and
covering over one thousand projects and initiatimeSermany (MoMoTech, 2009).
Teknikdelegationen (2009a)yfiken pa naturvetenskap och tekrikSwedish national mapping
conducted by the government-appointed Teknikdelegan (English translation: the Technology
Delegation), is another. In Teknikdelegationen @90222 projects and initiatives are described and
categorised into 59 with students as a primaryetaggoup, 58 where business participates, 7 events
and festivals, 31 competitions, 16 science centr2sther centres and museums and 39 with teachers

as a primary target group.

5.1.2. Cost and effect
In general, projects and initiatives aimed at iasirg interest in maths, science and technology
education and careers are poorly evaluated. Howmaary are, at least to some extent, able to show

positive immediate effects on interest in mathigrsme and technology education and careers. Very

57



few, the Jet-Net project, presented briefly in ®ech.2, being one exception, are able to show that
they have affected interest in the long term oiseglient choice of education or career. The former i
often done by simply asking students to fill iniesgtionnaire describing an activity’s effect onithe
interest immediately or soon after the activitgamducted. The latter is often due to difficulties
determining causality as well as the time-consumiaityire of such an effort, but does not necessarily
mean that they have not had a positive effect. Qif@gects and initiatives evaluate effect by proxy
e.g. by interviewing teachers on their perceptnsffects on interest in maths, science and
technology education and careers. Some do notaeadt all. The relationship between cost and
effect of projects and initiatives is therefordfidiflt to investigate. In fact, no published comgdare

reports on the relationship between cost and efff@e¢ been found.

Similar conclusions are drawn specifically for scie mentoring and science ambassador schemes by
the European Commission (2007), conceding thalatige majority “have failed to put in place a ‘self
evaluation’ process allowing monitoring of the @rpaths chosen by children who have

participated”.

A Swedish reporProjekt utan effektPEnglish translationProjects with no effecy{Vetenskap och
Allménhet, 2007), looks into the evaluation of 28e8ish projects and initiatives, also drawing
conclusions analogous to the above. Although 65%efnalysed Swedish projects were evaluated,
only 23% actually evaluated effects. The remaidifgo simply evaluated operational aspects of

specific activities. None of the evaluations looket the relationship between cost and effect.

Thus, when decisions are made on continuing aninggwoject or initiative, they are often based on
gut feeling of success or, at best, available #temal research on elements that are believedatbtle

success. Decisions are typically not based onfiggnt long term quantitative data.

5.1.3. Society is not learning from previous effort s

It is evident that society is not learning fromypogis efforts; perhaps it does not want to for fefar

the efforts being exposed as unsuccessful. Iniaddib the lack of adequate evaluation, and despite
common targets, projects and initiatives are rarlimg from and communicating with each other.
This is something that is being identified as catiby a growing body of research and number of
policymakers; school/business aspects are, intfaetopic of a recent European Round Table of

Industrialists proposal for a European CoordinaBogly (see 5.5.3). For example:
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OECD (2008c) states that

“The actual impact of the various actions on baihing people’s attitudes and their
choices of studies and careers is poorly evaluatedi communication between the
various stakeholders is often inadequate. Folloveaions need to engage all persons
who are concerned by declining interest in scieAaeetwork of stakeholders (linking
educational resource centres, the business comynaaiénce and technology education
specialists, and student and teacher communiske)ld be established to share

information on best practises between countriestlamdarious communities involved.”

Rocardet al.(2007) state that “Teachers are key players imehewal of science education. Among
other methods, being part of a network allows the@improve the quality of their teaching and
supports their motivation” and that “The articutatibetween national activities and those funded at
the European level must be improved...”. Johanssdrivisuwitz (2007) argue that there is a need to

“support and coordinate all the positive forcesnpoting better mathematics learning and teaching”.

5.2. Typography
Among the multitude of projects and initiatives aghmat increasing interest in maths, science and
technology education and careers, three diffeygres emerge and are described in this typography. A

single project or initiative may very well belorgmore than one type.

5.2.1. Adventure- or experience-oriented

Adventure- or experience-oriented projects andhitives appear to be the most common type,
encompassing both extensive operations such agsotentres open to the public on a daily basis,
and festivals and competitions reoccurring on auahbasis, as well as smaller one-off activitieshsu
as CSI murder investigation afternoons for studemslosive chemistry experiments in the classroom
or science ambassador meetings with students. ddtheach of these deserve a more complex
analysis in themselves, and some serve a purpalss thian increasing interest in maths, science and
technology education and careers, one centralrieaammon to all of them is to inspire, excite and

enthuse young people about certain aspects of nsailesce and technology.

5.2.2. Pedagogical renewal and teacher development

The second type that emerges is pedagogical rermwlgbedagogical renewal through teacher
development. This type encompasses projects equjppachers with the necessary tools and know-
how to move from deductive to inquiry-based scieehecation, science mentoring schemes, tutoring
and coaching of younger students by older studermdscompetence development programmes for

teachers. Again, each of these deserve a more egraphlysis in themselves, and some serve a
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purpose wider than increasing interest in mathense and technology education and careers.
However, one central feature common to all of theihoe innovate or complement current teaching
methods. Two projects of this type have receivethgoh attention in Europe that they are worth

mentioning specificallyPollenandintize

Pollen

Pollen promotes the use of inquiry-based scienaeaibn through the
provision of classroom resources and teacher tgifollen is
composed of 12 national partnele Laboratoire de Didactique des
Sciences Physiqu@s Belgium,Project 2000+in Estonial.a main a la
patein FranceNatlabin GermanyApor Vilmos Katolikus Foiskolan
Hungary,Consorzio Innovazione Formazione Ricerca Educativiéaly,
AMSTEL Instituén the NetherlandsCiéncia Vivain Portugal P.A.U.
Educationin Spain,University of Ljubljanan SloveniaNaturvetenskap
och teknik for allan Sweden anthe Regional Science Learning Centre
from East Midlandsn the United Kingdom (Pollen, 2009).

Intize and XplainY

Intize provides upper secondary school studen®&dieborg, Sweden,
with free private maths tutoring with local univigysstudents acting as
tutors and mentors. In a similar manner, upperrsgexy school students
tutor secondary school students. Intize is pa# étwork of similar
organisations elsewhere in Sweden and in NorwdgdaplainY

(Intize, 2009).

5.2.3.  Linking school subjects to “real” (working) life

The third type that emerges comprises projectdratidtives linking school subjects to “real”
(working) life. Essentially, this encompasses stlaoa business/employer collaboration through
which school subjects are set into life and caceetexts that are relevant and meaningful to stisglen
through which role models are provided for studesntsl through which career information is
provided for students, teachers and careers adviSot projects of this type have received so much
attention in Europe that they are worth mentiorspgcifically:Jet-Netin the Netherlands,
Wissensfabriin GermanyC.Génialin France Science Team kK Denmark Neeringsliv i skoleimn
Norway andVIATENAIn Sweden. Unless otherwise indicated below, tiogepts match the above

generic profile well.
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Jet-Net (Netherlands)

Jet-Net is a Dutch national platform for school &ndiness collaboration
created jointly by the Dutch government, schools lausinesses in the
Netherlands. The platform supports and stimuldtegevelopment of
cooperation programmes between individual schaaodscampanies (Jet-
Net, 2009).

Wissensfabrik (Germany)

Wissensfabrik is a German umbrella organisatiomempassing projects
and initiatives aimed at improving education (mgimiaths, science and
technology) and entrepreneurship. Many projectaborit providing
locally adapted tools that assist teachers in ingdhe targets set up by

the curriculum (Wissensfabrik, 2009).

C.Génial (France)
C.Génial is a French foundation established by AreveS, France
Telecom, Schlumberger, Technip and SNCF (C.Géni@i9r0o

Science Team K ( Denmark))

Science Team K was a Danish collaborative effothnyears 2003-
2007 between schools, businesses, and local goeetrimthe Danish
Municipality of Kalundborg incorporating training teachers,
networking between institutions and support to eewcation equipment
(Dansk Naturvidenskabsformidling, 2009).

Neeringsliv i skolen (Norway)

Neeringsliv i skolen is a Norwegian programme pravidjuest lessons,
company visits, thematic projects, mentorshipssratiowing days in
formalised, legally binding, partnerships betweemo®ls and businesseg.
Activities are based on curriculum requirements a@eds expressed by
teachers. The formal agreements support long temmitment and

continuity (Neeringslivets hovedorganisasjon, 2009).
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MATENA (Sweden)

MATENA is a Swedish programme being developed twerage and
supporteffectivecollaboration between schools and businesses.
MATENA coordinators will act as intermediaries ochl clusters of
individual schools and companies wanting to devéhair collaboration.
Teachers will be offered training programmes on howse business as

a pedagogical tool in and around the classroom.

5.3. National strategies
A number of European countries have either develapere developing national strategies for maths,

science and technology education. The followingfewe prominent examples.

5.3.1. Denmark: National Centre for Science, Techno logy and Medical Education

A Danish government-appointed working group presgproposals for a Danish national strategy on
science, technology and medical education in 2868& result, in November 2008 the Danish
government allocated DKK 65 million over the per@D9-2012 for the establishment of a national

centre for science, technology and medical edutcgtimdervisningsministeriet, 2009).

The centre is currently being set up, and has teesked with (Undervisningsministeriet, 2009):

— supporting the renewal of pedagogy and educatiooratient

— developing in-service training for teachers

— creating better interaction between formal eduaatiod informal learning
environments such as private and public compamasgums and science centres

— contributing to the creation of knowledge shariegworks for formal and informal
educators so that their experience can be disstediimaa structured manner

— engaging in corresponding international knowledugisg networks

— collecting and disseminating experiences from jpra@nd research in science,

technology and medical education

5.3.2. Netherlands: Platform Beta Techniek

The Dutch government’s national strategy for saemed technologypeltaplan Science and
Technologyresulted in the creation of tRatform Béta Techniek 2004. The platform is an
independent foundation funded by the governmerit ®itR 60 million per year. Its target is to
increase the number of MST graduates by 15% by .20tk is carried out according to
performance-innovation agreements with schools pdrticipate voluntarily. If the schools reach their

targets, they receive grants to use as they ch{@atorm Beta Techniek, 2009).

62



To assist schools in reaching their targets, thdgim has a number of support programmes (Platform
Béta Techniek, 2009):

— VTBsupporting pedagogical development and innovatigiimary school

— Universumsupporting pedagogical development and innovatigecondary and

upper secondary school

— Ambitiesupporting pedagogical development and innovatimocational education

— Sprintsupporting pedagogical development and innovatidngher education

— Jet-Netsupporting school and business collaborasispresented in section 5.3.3

The platform also supports teacher developraentteacher exchangestween upper secondary

school and higher education.

5.3.3. Norway
The Norwegian government presented a 4-year natitrzdegy for mathematics, science and
technology educatioiit felles lgft for realfagenén 2006. Since then, annual action plans hava bee

designed, executed and followed up (Kunnskapsdaparitet, 2009).

The main themes of the strategy include (Kunnskapasdementet, 2009):
— creating a national meeting place for science irkimg life and education
— encouraging local cooperation and interaction bemmusiness and education
— increasing tuition time for MST in primary and sadary school
— in-service MST training for teachers and nursetost staff
— establishing a programme for development of goedtpre in teaching MST,

including practical approaches and the use of ICT

Norway has a national centre for recruitment ofireascience and technology students cdfedate
The centre was established by the Norwegian govenhim 1998 and given a reinforced mandate,
linking to the national strategy, in 2007 (Ren2@09).

5.3.4. Sweden: Teknikdelegationen and Matematikdele gationen
The Swedish Government appointed Swedish Technology Delegatiorduly 2008. The delegation
is chaired by Leif Johansson, CEO Volvo Group, @makists of representatives from academia,

industry and employer/employee organisations (Tielelegationen, 2009b).

The delegation is tasked with (Teknikdelegatior&f9b):
— analysing MST and ICT workforce demand
— highlighting and strengthening current effortsrorease interest and participation in

tertiary education in MST and ICT
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— proposing long-term efforts, including how to conjumonitor and evaluate work,
with the aim of increasing interest and participatin tertiary education in MST and
ICT
The Swedish Technology Delegation must presefitdéngs to the Swedish Minister of Higher
Education and Research by April"3@010.

In 2004 ,the Swedish Mathematics Delegatiappointed by the Swedish Government and taskdd wi
proposing an action plan to increase interest chdgvelop mathematics education, submitted four
main proposals valued at SEK 2.5 billion over fpagars (SOU, 2004):

— Support and develop activities to increase intéreahd provide greater insight into
the value, role and significance of mathematiosvieryday and working life, science
and society

— Train qualified teachers in mathematics at all le¥er all children, young people and
adults

— Support and coordinate all the positive forces mibmg better mathematics learning
and teaching

— Clarify and develop aims, goals, content and ass&sisin mathematics for the entire

education system

5.3.5. United Kingdom: STEM Programme and National = STEM Centre

In 2004, the United Kingdom Government publishdda/ear Science and Innovation Framework
“... which aims to make Britain the most attractieedtion in the world for science, research and
development, and innovation, with a view to atiregthe best scientists to meet this goal” (United
Kingdom Department for Education and Skills, 2006)he same year, a Science, Technology,
Engineering and Mathematics (STEM) mapping revidentified over 470 STEM initiatives
supported by the United Kingdom Government. In 2066 STEM Programme Report (United
Kingdom Department for Education and Skills, 20@8} published, putting forward proposals for a
national STEM strategy. The main message of theMsPEbgramme Report was the need to “...
rationalise and improve the delivery of the curygethora of STEM initiatives...”, improving value
for money and being cost neutral. A government-agipd National STEM Director is currently
responsible for implementing the proposals. Amotigoactivities, this has lead to the establishment
of a National STEM Centre, due to open in Septerbé®, responsible for bringing “together the
best teaching resources from the past 25 yearsnghiiem accessible to all schools and colleges —
either online where possible or in person; it @io be a focal point for STEM activity, ensurihgtt

all partners are working together” (Science Leagrentres, 2009).
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5.4. European strategy

Education, particularly primary, secondary and ugaeondary school education, is formally and
principally of national concern within the Europdanion. The European Commission has a very
limited mandate to push educational policy. Newadss, key strategic agreements between EU
member states, such as thebon Agendaaim to drive European competitiveness by movavgatrds

a knowledge economy and emphasising the importaiheducation in general, and MST education in
particular, in achieving this aim. Although the hdé: Agenda is certainly a European strategy with
elements concerning the issue at hand, Europe éackberent long-term strategy to increase interest
in mathematics, science and technology educatidrcareers. Having said that, three key players are
moving in a similar direction, perhaps towards sachrategy: the European Commission, the current

troika France, the Czech Republic and Sweden, tan&tropean Round Table of Industrialists.

5.4.1. European Commission

The Lisbon benchmark on MST targets a 15% increagee total number of graduates in MST from
2000 to 2010. The European Commission’s 2008 pssgreport concludes that the benchmark was
passed in 2004, and that the increase is curramhg than 29% (European Commission, 2008). In
line with conclusions from chapter 3, the Lisbomdfamark on MST is seen by many, including me,
to be insufficient. This view also appears to barstl by the Commission, as it continues to give MST

education priority through:

— Ongoing exchange of national good practice thrauST cluster of member state
experts, run by DG Education and Culture

— Recent focus on MST in the University Business Forln relation to this, the
Commission recently communicated that it would es@how a European
coordinating body and initiatives such as Europgeimoolnet could promote school
and business collaboration (European Commissidd@2@ee in relation to proposals
from the European Round Table of Industrialistsention 5.4.3.

— Activities, including EU calls for proposals, falling up the previously referenced
Rocard report (Rocaret al, 2007), run by DG Education and Culture and DG

Research
5.4.2. EU Presidency: France and Czech Republic
The latest presidencies, France and the Czech Rephdve both to some extent addressed increasing

interest in maths, science and technology education

— France held a presidency conference in Grenobkei@mce education highlighting

many of the challenges discussed in this thesisigtéire Education Nationale, 2008)
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— The Czech Republic held a presidency conferen&edgue on partnerships between
academia and industry. Otajl LiSka, the Czech minister of education, arguned t
school and business collaboration can influencexgqeople to choose maths,

science and technology careers (Czech Presideribg @&uropean Union, 2009).
It remains to be seen whether the third part ottireent EU presidency trio, Sweden, follows lead.

5.4.3. European Round Table of Industrialists

Following research activities and external andrimaediscussions, the European Round Table of
Industrialists brought together high-level repreéagwes from academia, government and business
through a stakeholder engagement eviaspiring the Next Generatigin Brussels on Octobef®
2008. Participants such as José Manuel Barrossiderd of the European Commission, Jorma Ollila,
Chairman of ERT, Nokia and Royal Dutch Shell, arif lohansson, Vice Chairman of ERT and
CEO Volvo Group addressed the issue of increasitagast in MST education and careers
emphasising and providing support in responsedaméed for increased collaboration between

schools and business in order to link school stbjecworking life.

ERT has proposed thataropean Coordinating Bodye established to coordinate and leverage on

school business partnerships across Europe, anthihéody be run by European Schoolnet.
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European Coordinating Body
- a European Round Table of Industrialists and European Schoolnet proposal
The coordinating body would work with national pets to operate
— an observatory of practiceicluding
=  evaluation of current partnerships
= needs analysis to identify gaps in current partipss
= research
* annual synthesis report of relevant published rekea
e interviews
« focus groups
— an online repository of good practice
— coordination and support activitigagluding
= acommunity platform
=  coordination meetings
= school business matching tools
=  special interest groups
=  professional development
— dissemination and stimulation activitiescluding
= amultilingual web portal in 8 languages

=  European level campaigns and conferences

5.5. Conclusions
On the one hand, this chapter has shown that #rera huge@umberof activitiesongoing across
Europe targeting an increased interest in MST déucand careers, though the taahountof
activity, e.g. in terms of investment, is difficult to asseOn the other hand,
— most activities are poorly evaluated in terms aft@nd effect or at too early a stage
to show any results;
— there is a lack of coherence between and coordimafi activities at all levels in
society;
— society is not learning from previous efforasid
— there is evident that a fair amount of rationaitsats needed.
Thus, any corporate investment should be madertngrahip with other stakeholders and local,
national or European coordinating bodies in ordesrisure cost-effectiveness and encourage overall

improvement of the above.

67






6. Corporate options and incentives to respond

Chapter 2 shows that in many countries, the base fhich the Volvo Group is dependent on being
able to acquire talented personnel in MST is slmipkand that in some countries the rate of dedfine
rapid. Chapters 3 and 4 show that private and p@bliporations and employers, university
management and faculty as well as legislatorsterenly true stakeholders with the power, urgency
and legitimacy needed to positively affect the aheciIThis is a fundamental conclusion as it limits
corporate options and expels the notion that tloéirdeis a matter for others, e.g. schools, tolkeso

A second important observation from chapter 4 as the relative importance of the recommended
actions cannot be determined. It can only be asduha the likelihood of successful results incesas
with the quantity and quality of efforts undertak@mapter 5 adds the perspective of other efforts t
tackle the decline. Finally, in this chapter | aif# to assess whether the conclusions of previous
chapters warrant a VVolvo Group corporate respogshblysing corporate options and incentives to

respond from a financial perspective.

6.1. Method

The assessment is achieved by presenting a busiassdased on accepted economic measurements
and investment calculus, as described by the fitexaand referenced where applicable, complemented
by my own assumptions and models. My assumptiodsy@uels aim to be conservative, in the sense
that | have played down the risk of economic lasa aesult of a workforce deficit as well as the
potential positive effect that a corporate respanigght incur. My models are simplistic. Nevertheles

| believe that the results build to a realisticesssnent upon which the Volvo Group can and should

make a decision on whether or not and how to respon

The business case addresses three aspects:
— Economic value of human capital in maths, sciemcetachnology (here: engineers —
see delimitations)
— Expected loss of net income in 2010-2025 as atresthe forecast workforce deficit
— Corporate options set in relation to the maximuwegtment that still provides a

positive return on investment

6.1.1. Delimitations
The business case is delimited to engineers and&weecause of data limitations. However, the
method can be reused in other markets, for othetame categories and/or by other companies,

provided that additional data is made available.
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6.2. Economic value of an engineer

6.2.1. Theory

HEVA

The traditional, but outdated, measurement ofitrential contribution of an employee to a company
used by many governments and businessesés per employe&he measurement is simplistic and
does not take into account a number of complexasseich as the alternative cost of invested dapita
and alternative employment arrangements such asipparemployees and consultants (Fitz-enz,
2000). Fitz-enz (2000) proposes the measurememasuEconomic Value Added’, an expansion of
the widely accepted economic measurement ‘Econbfalige Added’, to improve the validity of

results.

HEVA = ([Net operating profit after tax] — [Cost @hpital]) / [Full time equivalents]

Augustssoret al.(2009) go one step further by suggesting a weightedA taking into account the
relative importance of different employee categorighey achieve this by multiplying HEVA by the
average salary in the employee category being sexdekvided by the average salary in the whole

employee population.

HEVA weighiea= HEVA X ([Average salary in the employee catedwing assessed] /

[Average salary in the whole employee population])

HEVA is problematic in the sense that it is a measient of the contribution @l immaterial assets
not included in the balance sheet, to the net tipgrarofit after tax. Although human capital iscbu
an asset, so, for instance, is brand value, a@sdritpossible to distinguish them from each other.

Nevertheless, | will use HEVA as one of two inpoitsthe economic value of human capital.

Total Contribution Margin

Another way to look at the economic value of huroapital in a large company with a relatively fixed
total cost, such as the Volvo Group, is to lookhattotal contribution margin of an additional
employee.

Total Contribution Margin (TCM) = Total Revenue (I-RTotal Variable Cost (TVC)

This method is accurate if the workforce deficisisall, but becomes less so as the deficit grows.
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6.2.2. Application and results

HEVA

The Volvo Group operates in a cyclical market. idey to achieve a more realistic measurement of
the financial contribution of an employee to the@y over time, | will create a seven-year averdge o
HEVA, applying global figures and neglecting initet. An average taken over a longer period would
include 1998-2001 and thus the unfair effects sfrueturing costs and income from the divestment of
subsidiaries. | will determine the weighting factor an engineer employed in Sweden from the

Swedish figures for 2008, neglecting possible ®itariations over time.

HEVA yeighted, fina= ((HEVA 2002+ ... + HEVA,009 / 7) X ([Average engineer salary in
Sweden, 2008] / [Average salary in the whole eng#gyopulation in Sweden, 2008])

With the exception of the weighting factor, theidigions used in the calculation presented in
appendix 2, section 9.1, correspond to those ugekBbvolvo (2009, p. 143, 145 & 151). The data
behind the weighting factor have been provided ByMolvo Corporate HR, but are not presented due

to confidentiality restrictions.
The weighted HEVA seven-year average arrives at SEK83 per annum.
Total Contribution Margin

The total contribution margin for an average enging SEK 655,600 per annum based on Volvo

Technology’s internal hourly rate, an assumed nurabbillable hours and an assumed average

salary.
Hourly rate SEK 800
Number of billable hours per annum 1,640
Total Revenue (TR) SEK 1,312, 000
Salary per month SEK 40,000
Social costs (35%) per month SEK 14,000
Holiday pay SEK 8,400
Total Variable Cost (TVC) SEK 656,400
Total Contribution Margin (TCM = TR - TVC) SEK 655,600

Conclusion

An engineer’s true economic value is likely to benewhere between the weighted HEVA seven-year

average and the total contribution margin, i.e. $BK,000—SEK 500,000. For the purposes of the
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following business case calculations, it will béteethe average of the two estimates, SEK 343,591

per annum for 2008.

6.3. Expected loss of net income 2010-2025

6.3.1. Model

| will establish the expected loss of net incometifie Volvo Group 2010-2025 on the basis of the
Swedish National Agency for Higher Education’s st on the supply and demand of Bachelor of
Science-level (in Swedish: hogskoleingenjorer) Biagter of Science-level engineers (in Swedish:
civilingenjorer) in Sweden. The two groups will tembined into one group of engineers, as the
Volvo Group is likely to recruit employees from tbiner category if one of them is in deficit. The

forecasts are presented in figures 41-44.
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I will determine the Volvo Group’s nominal sharetbé national engineer deficit by spreading the
national deficit proportionally between current er@gr employers according to the 2008 distribution.
This assumes even growth of current engineer erapday the future. In order to take into account
the effects of the current financial crises andaydical nature of the Volvo Group’s market, the
model will take into account two market downtureach two years long, by setting the Group'’s final
share of the national engineer deficit to zeralieryears 2008, 2009, 2010, 2015, 2016, 2021 and
2022. Finally, the expected loss of net incomettierVolvo Group 2008-2025 will be determined by
multiplying the economic value of an engineer by Yolvo Group'’s final share of the national

engineer deficit.

[Expected loss of net income for the Volvo GrougEsonomic value of an engineer] x
[0 for 2008, 20092010, 2015, 2016, 2021 and 202A]Number of engineers in Sweden
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employed by the Volvo Group in 2008] / [Total numieengineers in Sweden in 2008])

X [National engineer deficit]

Each year is adjusted for inflation.

6.3.2. Results
The model shows that the accumulated expectedfasst income for the Volvo Group 2008-2025
amounts to approximately SEK 1770 million, net pressalue. The annual expected loss of net

income (NPV) is presented in figure 45.
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Figure 45
6.4. Corporate options set in relation to return on investment (ROI)

Four possible options are envisaged and presested bUltimately, apart from the first, each can be
implemented to a different extent, by itself anddantly with others. Rationalising the organisatior
moving it abroad is not seen as a possible opsdaheneed is predefined for this thesis and the
possibility of rationalising or moving abroad, thby removing need, is consequently dismissed.
Employing non-educated personnel and educating thdrause is also not seen as a possible option
because employers are not likely to be able tatsuifficient capacity in the relatively short petio
2010-2025. Nor is importing the required white &hae collar workers an option, as current trends
indicate that the net flow of workers into (+) anuat of (-) Europe will be negative during the next

decades, mostly due to the ongoing massive bo@aviearal Asian economies.

In general, any investment whdfecumulated investment] + [Accumulated net expég@n (loss)

of net income] < [Accumulated gross expected ghiss]) of net incomé} a sound investment.
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6.4.1. Do nothing and rely on others to act

The most obvious and straightforward option is ppghto do nothing at all, hoping that others will
act. The motive would be to eliminate the cosiheestment. This is a high-risk option; if others do
not act, the Volvo Group can expect to lose netnme amounting to approximately SEK 1,770
million (NPV) over the period 2010-2025. If othels act, depending on how and to what extent, the
effect may still be insufficient. Furthermore, atltempanies who act are likely to strengthen their
relative attractiveness as employers, leadingdeeased difficulties for the Volvo Group in rechug

any engineers that are or become available.

6.4.2. Lobby government

The second most obvious and straightforward optida lobby the government to execute the
recommendations in chapter 4 on improving the imEddST, MST professionals and MST careers
as well as improving MST education and curriculdiine cost of investment would be low. This is a

medium-risk option; lobbying the government may Ietsufficient if employers do not do their part.

6.4.3. Strengthen employee offering and employer br ~ anding effort to ensure relative
attractiveness as employer

A third option is to strengthen the employee offgrifor instance by increasing salaries and

improving career-development opportunities, as aglthe employer branding effort to ensure

successful and correct communication of the em@gmjtering. The aim would be to ensure that the

Volvo Group is the most attractive employer andebg able to recruit any engineers that are or

become available.

A detailed analysis of this option is outside thepe of this thesis. However, it is evident that
although the initial cost of investment might be/Jat is likely to rise substantially. Strengthegitne
employee offering by raising salaries once byt#e las 5% would incur huge cost in excess of the
expected loss of net income if nothing is done.sTlhis is a high risk option; competing with other
companies to have the best employee offering amtd¢lst employer branding results in circumstances
when a workforce deficit is growing is likely toaleé to high and increasing costs throughout 2011-
2025.

6.4.4. Partner with other companies in collaboratin g with schools, universities and
other stakeholders, stakewatchers and stakekeepers to secure quality and
quantity of an educated workforce

A forth option is to partner with other companiesollaborating with schools to secure the quality

and quantity of an educated workforce by takingd paactivities that put MST into meaningful life

75



and career contexts, provide role models and peosédteer information in accordance with the

recommendations in chapter 4.

This option requires the Volvo Group to commit eaygle time to regularly recurring activities in and
around school education. Due to long lead timespanential free rider problems, such an investment
is only likely to be sound if a substantial numbé&other companies make an equivalent investment.
This would also allow the Volvo Group’s costs torbmimised as the total cost would be shared by

many.

Model expansion

In order to fully understand the investment requieats (of this option), cash flow differences

(between acting on this option and not acting lxtaald the investments’ expected effects on the

number of students who choose engineering educ¢atidaeper analysis is required. To that point, |

have expanded the model presented in section &l the following assumptions:

— The first step is to determine where/when addifiengineers might be recruited. The
(full) recruitment potential at every stage is ased to be static and equal to that of
the class of 2009, born in 1987 and presentedjurdi46. In 1996, at the start of
Secondary School stage 1 (in Swedish: mellans)athet class had 111,000 students
(the whole population in the age group) in the [igewith the possibility of
becoming engineers. In 2002, at the start of USeeondary School (in Swedish:
gymnasiet), the group in the pipeline had shrunk&®00 students due to the
students’ own structural choices of educationagj@mmes. These 18,000 include the
Upper Secondary School (in Swedish: gymnasiet)raragies ‘Naturvetenskap’ (in
English: Science) and ‘Teknik’ (in English: Techogy). In 2009, at the end of
University, the group in the pipeline had shrunk {800 students, again due to the
students’ own structural choices of educationag@mmes, in this case, including
dropouts. These 7,000 include Bachelor of Scieagetl(in Swedish:
hogskoleingenjorer) and Master of Science-levelrezggs (in Swedish:
civilingenjorer). The (full) recruitment potentiat every stage is thus equal to the
drop in the number of students in the pipelinéhatibtersection following the stage in
guestion. The drop between Secondary School stagd Secondary School stage 2
(in Swedish: hdgstadiet) as a result of emotiohalag, i.e. intended structural
choice, is assumed to be half of that between Sfrgrschool stage 1 and Upper
Secondary School. Students who are part of th (&druitment potential are
hereafter callegotentials
— However, it is not reasonable to believe thapatentialscan be recruited. Recruiting

from Secondary School stage 2 is, based on preeamudusions, likely to be the
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easiest, followed by Secondary School stage 1iaatlyf Upper Secondary School.
Therefore, the realistic maximum recruitment patdig assumed to be 12.5% of the
full recruitment potential at Secondary School etag15% of the full recruitment
potential at Secondary School stage 2 and 10%ediuthrecruitment potential at
Upper Secondary School. The percentages refleessymption that the maximum
recruitment potential is likely to be in the rarigg@0% for all three levels, with
Secondary School stage 2 being the easiest tatréom, Secondary School stage 1
being slightly more difficult to recruit from andpger Secondary School being the
most difficult to recruit from. | base my assumptian research showing that young
people form their attitudes towards science edooatrior to the age of 13-15
(Osborne and Dillon, 2008 and OECD 2008c).

Commitment of employee time, hereafter callegestmentis made during the last
year of Secondary School stage 1 with a 10-yeaydsl effect, during the last year of
Secondary School stage 2 with a 7-year delay ete#nd/or during the last year of
Upper Secondary School with a 4-year delay of &ffec

The workforce deficit is completely eliminated irder to ensure that no free rider
problems emerge. This is achieved in the four saemnéhat will be analysed and
presented where 100%, 50%, 25% or 10% of the duerggineer employers share the
total cost of investment according to their currghmre of the engineer workforce.
The required investment per potential increasesatiy from SEK 0 at a 0% success
rate (the percentage of successful recruitmentsfabile maximum recruitment
potential) up to SEK 11,910 at a 100% successnrasspectively of school stage. It is
set to a level that generates a total return oestmrent (ROI) equal to SEK 0 in the
10% scenario and adjusted for inflation each yBaws, the 25%, 50% and 100%
scenarios generate an increasingly positive regarimvestment.

Annual interest calculated for costing purposeédtsand annual inflation is 3%
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Class of 2009, born 1987
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Figure 46

As a result of the assumptions in the expanded mtideoptimum investment strategy is, in the
following order, (1) to minimise the accumulatedrigforce deficit as swiftly as possible, (2) to isve

in Secondary School stage 2, (3) to invest in Ugearondary School and (4) to invest in Secondary
School Stage 1. The strategy is implemented fofdhescenarios in the extended model calculations

presented in appendix 2, section 9.2, and yield$dhowing scenario results.

Scenario results

The net value present (NVP) of the return on inmesit (ROI) over the period 2010-2025 in the four
scenarios is SEK 836 million in the 100% scen&®BK 743 million in the 50% scenario, SEK 557
million in the 25% scenario and SEK 0 in the 10%nsgio. The net value present (NVP) of the
required investments during 2010-2025 is SEK 93anilin the 100% scenario, SEK 186 million in
the 50% scenario, SEK 372 million in the 25% scenand SEK 929 million in the 10% scenario.
The annual required investments are presentedungfid7. The first investments are made in 2010.
No investments are required after 2018 as the ddlajfects of investment compensate for the

workforce production deficit during the whole peip008-2025.
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Requried investment per annum (NVP)
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Figure 47

The investments result in the net expected gass)lof net income presented in figure 48 and tel ca

flow difference presented in figure 49.

Following any of the four scenarios would resulthie deficit being eliminated by 2021, as shown by
figure 50. The figure also shows that the Volvo @r's gross workforce deficit, i.e. the workforce
deficit if no investment is made, will have reaclig®81 engineers by 2025. If that deficit existed

today, 22% of the Group’s engineer positions in &wewould be vacant.
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Cash flow difference per annum (NPV)
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Figure 49
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Figure 50

The optimal investment strategy, based on currgsuraptions, is shown in figures 51 and 52. As the
required investment per potential is set to a Itval generates a total return on investment (ROI)
equal to SEK 0 in the 10% scenario, this is esaliygquivalent to the maximum required investment
per potential that still generates a non-negatitern on investment (ROI) in the 10% scenario. i€an

be assumed that the investments will have the reztleffects?

On average, according to the model, the class@® Bad 13 potentials during the last year of
Secondary School stage 1 and Secondary School&tagel 18 potentials during the last year of
Upper Secondary School. Thus, a required investpanpotential set to SEK 11,910 equals
approximately SEK 155,000, 194 hours or 12% ofilatime position per class of 30 students at
Secondary School stages 1 and 2 and approximaidy234,000, 268 hours or 16% of a full-time
position per class of 30 students at Upper Secgrisianool. This appears to be more than sufficient t
put MST into meaningful life and career contextevide role models and provide career information
in accordance with the recommendations in chaptirgtlikely that the investment per potential

could be lowered.

The required investment per potential appearsatalite at around half of the initial required

investment per potential once the workforce pradadbacklog is eliminated (see figure 51 years
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2015-2018 for Secondary School stage 2). Thouglo®B&dull-time position per class of 30 students
should still be sufficient, it is likely to be cleso the lower boundary reflecting that the relatup
between investment and effect is, in reality, §ki&l be non-linear.

Required investment per potential
(2009 value)
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Figure 51

Number of potentials to invest in,
if 10% of engineer employers share investment cost
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Figure 52

What happens if the backlog is removed?
It may also be interesting to see what happensetodsults if the backlog is removed, i.e. if thawal

workforce production deficit is set to 0 for 200815 as opposed to what is forecast by the Swedish
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National Agency for Higher Education. The net vgluesent (NVP) of the return on investment
(ROI) in the four scenarios becomes SEK 322 milliothe 100% scenario, SEK 286 million in the
50% scenario, SEK 215 million in the 25% scenanid &EK 0 in the 10% scenario. The required

investment is presented in figure 53.

As shown in figure 54, the required investmentgegential stabilises around SEK 6,000 which equals
approximately SEK 78,000, 98 hours or 6% of a fiafle position per class of 30 students at
Secondary School stage 2. Though this appearsdafbeient to put MST into meaningful life and
career contexts, provide role models and provideszanformation in accordance with the
recommendations in chapter 4, it is likely to besel to the lower boundary, again reflecting that th

relationship between investment and effect iseality, likely to be non-linear.

Required investment per annum (NVP)
if backlog is removed
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Figure 53
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Investment per potential
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Figure 54

Prerequisites

Chapter 5 shows that an external system of codidinand support is necessary to enable and ensure
the effectiveness of school business partnershigdtlition to administrative motives, both teachers
and company employees need support in understahdingusiness can be used as pedagogical tool
in and around the classroom. For the Volvo Groupvireden, this makes cooperation with the
Swedish programme MATENA an absolute prerequisiteafiy in-kind investment in school to

increase interest in MST education and careers.

My model has shown that a backlog in workforce patithn is nhow unavoidable as there is a time
delay in the effect of investment. The Swedish Gowent should consider short-term legislative and
tax incentives to encourage companies’ commitmedtessure that the necessary high initial annual
investments are made to eliminate the backlog &@#ysas possible. Short-term incentives are likely
to be even more important for small and mediumeszzempanies who may not have the capacity to

act in a long-term manner irrespective of any peesiong-term return on investment (ROI).
Other ways of viewing and making such an investment

In addition to the return on investment includedny model, several surplus returns should be

considered, valued and factored into a final denisPerhaps the most obvious is that suppliersavoul
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suffer from a workforce deficit and thus benefirfr it being eliminated. Company commitment is
also likely to result in (Maignaet al,, 1999)
— Competence development of involved co-workersgereral social sense as well as
more specifically in the methods of leadershipmeark, communication etc.
— Improved job satisfaction of involved co-workersmaany want to contribute to
society and societal development.
— Improved brand image including corporate socigboesibility (CSR) aspects.
The company may benefit from organising and enaingaa certain amount of company

commitment as voluntary work.

Conclusion

Although clearly financially viable, this is a madi-risk option. Partnering with other companies in
collaborating with schools, universities and otstakeholders, stakewatchers and stakekeepers to
secure quality and quantity of an educated worlgdonay not be sufficient if the Swedish Government

does not do its part.

6.5. Conclusions
Doing nothing and relying on others to act is ficiatly out of the question. In the short term,
strengthening the employee offering and employandiing effort to ensure the Volvo Group’s
relative attractiveness as an employer will be sg@ey since a backlog in workforce production is
now unavoidable. To avoid a prolonged workforcaaiethe Volvo Group should
— lobby the Swedish Government to execute the recaordat®ns in chapter 4 on
improving the image of MST, MST professionals anTVcareers, and on improving
MST education and curriculurand
— partner with other companies in collaborating vetiools to secure the quality and
guantity of an educated workforce by taking paidtivities that put MST into
meaningful life and career contexts, provide rotaleis and provide career
information.
In theory, the latter should be done in accordavitiethe optimal investment strategy presented in
figures 51 and 52 as soon as a minimum of 10% wéntiengineer employers are prepared to share
the total investment cost. As more companies acewgaged to join, the number of potentials invested
in by the Volvo Group should be reduced accordinglytil the 10% level can be met, the Volvo
Group should promote this type of school businessiprship by participating in small pilots at a
handful of the Group’s main business locationsvie&en. In reality, this level of school business
partnership will take time to establish and is dej@nt on many external factors outside of the
Group’s direct control. Nevertheless, this busirezsse has shown that the effort should be

undertaken.
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The Volvo Group faces similar challenges in Frase Japan. Urgent attempts should be made to

construct the same type of model for them as | lo@ves for Sweden.
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7. Conclusions

The Volvo Group must strengthen its employee daffgand employer branding effort in Sweden to
ensure the Group’s relative attractiveness as googrer, as a backlog in the workforce production of
engineers is now unavoidable. To avoid a prolongexkforce deficit, the Volvo Group should
—  Lobby the Swedish Governméio execute the recommendations in chapter 4 on
improving the image of maths, science and techyo{bt5T), MST professionals and
MST careers as well as improving MST education@rrdculum,and
— partner with other companfeis collaborating with schools to secure the qyaditd
guantity of an educated workforce, by taking pargtivities that put MST into
meaningful life and career contexts, provide rotaleis and provide career
information.
Doing nothing and relying on others to act is ficiatly out of the question as the Volvo Group would
be likely to loose net income amounting to SEK 0,#¥llion (net value present) over the period
2010-2025 in Sweden alone, provided the SwedistohitAgency for Higher Education’s forecast is
accurate. Statistics from Eurostat and OECD indisanilar trends, but are not sufficiently

comprehensive to allow the same detailed levebatlusion.

In theory, school business partnership should ldedmross Sweden in accordance with the optimal
investment strategy presented in chapter 6 asaamminimum of 10% of current engineer
employers are prepared to share the total investomst. As more companies are encouraged to join,
the number of potentials invested in by the Volvo@ should be reduced accordingly. Until the
10% level can be met, the Volvo Group should prenszhool business partnership by participating in
small pilots at a handful of the Group’s main besmlocations in Sweden. In reality, the required
level of school business partnership will take timestablish, and is dependent on many external
factors outside of the Group’s direct control. Neheless, the business case in chapter 6 shows that

the effort should be undertaken.

School business partnership, in Sweden and elsewnh&urope, should be built in cooperation with
local, national or European coordinating bodiesriter to ensure cost effectiveness and encourage
improvement of the fact that most of the huge nunabb@ctivities currently being undertaken in

Sweden and across Europe to promote increasedshiarMST education and careers

! The Swedish Technology Delegation (see sectiodbi8 due to present its findings by April"382010. Volvo
Group CEO Leif Johansson’s position as chairmaheDelegation gives the Volvo Group a unique
opportunity to convey these important messagelseéd®elegation and thus by extension hopefully & th
Swedish Government.

2 The Volvo Group’s existing commitment to the Svebdprogramme MATENA (see section 5.2.3) should be
utilised as far as it is possible.
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— are poorly evaluated in terms of cost and effectdoo early a stage to show any
results
— lack coherence and coordination with other sinaletivities at all levels in society

— do not learn from others’ previous efforts

The Volvo Group faces similar challenges in Frase Japan. Urgent attempts should be made to
construct the same type of business case for ttwsdries as | have done for Sweden.

In fact, although Europe and most of the analyseohties have experienced increases in the absolute
number of graduates from MST tertiary educatiorr ¢re period 1998-2006, negative demographic
trends, a stabilisation of access to tertiary etioicand drops in the proportion of students chagsi
MST are likely to have a negative or, in some cag®y negative impact on absolute numbers in the
years to come. At the same time, and despite tlrertifinancial crisis, demand is likely to increas
creating a workforce deficit in many of the analyseuntries. Negative attitudes to education and
work in science and technology among Europe’s thdugher support this conclusion. The question

is not whether there is a problem, but rather higathe problem is. Unfortunately, due to a lack of

better workforce demand forecasts, a good answerotdoe provided.

The main factors behind the proportional declinehinice of MST education are:
— Image of maths, science and technology
= Science and technology needs are perceived tdfilleéu
= Certain specialisations may be perceived as atttoemciety
— Image of MST professionals and careers
= Jobs not perceived to be meaningful
= Lack of attractive role models
= Lack of information and understanding of careers
= Job market perceived as unstable
= Careers perceived as unattractive
— MST education and curriculum
» Education is not seen as meaningful and does fffitisntly address
student’s values and concerns
» Pedagogical innovation is required
» Teachers are ill-equipped

Significant transversal gender aspects exist ih ethese factors.
The issue is complex and engages many stakehalfleasious categories. However, only the

following can be categorised as “real” or defirdtistakeholders:

— Private and public corporations and employers
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— University management and faculty

— Legislators

— Science centres, museums and exhibitions
Schools are not “real” or definitive stakeholdevkjch is a critical conclusion as it expels theiomot
that the problems are for them alone to resolve.réason is that, although there are exceptioas, th
general picture is that schools see their rolereggring and equipping their students for prosperou

lives as demacratic citizens rather than providingployers with personnel.

Thus, it is up to European private and public ceaipons and employers, universities and legislators
to act on recommendations on how to tackle theofadisted above, concretising them at national and
local levels along with carefully prepared implettaion plans. In doing so, they need to give the
transversal gender aspects special attention. Bimogbp-down decisions will not suffice, and ame
many cases not even possible due to prevailingrganee structures. The complex cultural
differences between the worlds of schools, unitiessilegislators and corporations need to be

handled with respect, but also need to be overc&mape’s young depend on it.
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8. APPENDIX 1: Country profiles

8.1. Belgium

8.1.1. Supply

Demography

Belgium can expect a 12% decrease in the totallptpn of 18-year-olds from 1990 to 2020, as
illustrated by figure 55. The actual change frorB08 2008 was an 8% decrease, and the projected
change from 2008 to 2020 is a 4% decrease. Tharlinend over the period 1990-2025 is, however,

insignificant (<3%).

The primary trend for the development indicatodemography (D-I) is the linear trend over the
period 1990/1993-2025/2030, which generates thenprary indicator value 0 for Belgium. The
secondary trend (D-Il) is the projected change f&005/2008 to 2020. This does not affect the

analysis, and sets the final development indicatodemography for Belgium to O.

Total 18-year-old population on 1 January each year
Belgium

145
140 1y
135 \
130 \

125

Projection
R ——

Thousands

120

Figure 55 (Data source: Eurostat, 2009a; Eurostat, 2009b)

Educational attainment
The final development indicator on educationaliatteent for Belgium is set to 1. (See 2.3.2

Educational attainment for a general analysis)

Choice of MST education
Upper secondary school
No additional data has been found. (See secti@g Rata sources and 2.3.3. Choice of MST

education)
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Tertiary education
Belgium experienced a 7.0% increase in the numbgraaluates from mathematics, science and
technology tertiary education (ISCED 5 & 6) fromB8%o 2006, as illustrated by figure 56.

Number of graduates from mathematics,
science and technology tertiary
education (ISCED 5 & 6) in Belgium
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Figure 56 (Data source: Eurostat, 2009f)

As demography and educational attainment havedirieeen accounted for, it is more interesting to
look at choice of MST education in relation to tbtal student population. Figure 57 shows a 1.1
percentage unit or 5.8% decrease in the relatigeestf graduates from mathematics, science and
technology tertiary education (ISCED 5 & 6) amohg total population of tertiary graduates in
Belgium from 1998 to 2006.

Relative share of graduates from mathematics,
science and technology tertiary education
(ISCED 5 & 6) among the total population of

tertiary graduates in Belgium
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Figure 57 (Data source: Eurostat, 2009f)
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Figure 58 shows a 2.0 percentage unit or 9.5% dserm the relative share of students enrolled in
mathematics, science, computing, engineering, naatwfiing and construction tertiary education
(ISCED 5 & 6) among the total population of tergigtudents in Belgium from 1998 to 2006.

Relative share of students enrolled in mathematics,
science, computing, engineering, manufacturing and
construction tertiary education (ISCED 5 & 6)
among the total population of tertiary students
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Figure 58 (Data source: Eurostat, 2009f)

The primary trend for the development indicatorchnice of MST education (M-I) is the combined
average of the changes in the percentage of gesltraim mathematics, science and technology
tertiary education and the percentage of studemtdled in mathematics, science, computing,
engineering manufacturing and construction tertéycation, which generates the preliminary
indicator value -2 for Belgium. The secondary tré¢kidil) is not applicable, which sets the final

development indicator on choice of MST educatiarBelgium to -2.

Supply development indicator

The assigned development indicators for Belgiunilargtrated in figure 59 together with the
combined indicator for Belgium constructed accagdim section 2.2.4. Belgium is facing a somewhat
negative trend in the supply of human resourc@&4SiT. This is due to a very negative trend in choice

of MST education, partly counterbalanced by a pasirend in educational attainment.
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Supply development indicator: Belgium
Indicating trends in the supply of human resources in MST

Extremely positive 3
Very positive 2
Positive 1
Insignificant 0
Negative -1

Very negative -2

Extremely negative -3

Figure 59

8.1.2. Demand
Age pyramid (See 2.4 for a general analysis)
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Figure 60 (Source: U.S. Census Bureau, 2009)
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8.2. Finland

8.2.1. Supply

Demography

Finland can expect a 5% decrease in the total ptipalof 18-year-olds from 1990 to 2020, as
illustrated by figure 61. The actual change froB@ % 2008 was a 7% increase, and the projected
change from 2008 to 2020 is an 11% decrease. mearlirend over the period 1990-2025 is negative
(~5%).

The primary trend for the development indicatordemography (D-I) is the linear trend over the
period 1990/1993-2025/2030, which generates theamnary indicator value -1 for Finland. The
secondary trend (D-II) is the projected change f&5/2008 to 2020. This does not affect the

analysis, and sets the final development indicatodemography for Finland to -1.

Total 18-year-old population on 1 January each year
Finland
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Figure 61 (Data source: Eurostat, 2009a; Eurostat, 2009b)

Educational attainment
The final development indicator on educationaliatteent for Finland is set to 1. (See 2.3.2

Educational attainment for a general analysis)

Choice of MST education
Upper secondary school
No additional data has been found. (See secti@? Rata sources and 2.3.3. Choice of MST

education)
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Tertiary education
Finland experienced a 16.7% increase in the numibgraduates from mathematics, science and
technology tertiary education (ISCED 5 & 6) fromB8%o 2006, as illustrated by figure 62.

Number of graduates from mathe matics,
science and technology tertiary
education (ISCED 5 & 6) in Finland
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Figure 62 (Data source: Eurostat, 2009f)

As demography and educational attainment havedireeen accounted for, it is more interesting to
look at choice of MST education in relation to th&al student population. Figure 63 shows a 3.3
percentage unit or 12.6% increase in the relatnagesof graduates from mathematics, science and
technology tertiary education (ISCED 5 & 6) amohg total population of tertiary graduates in
Finland from 1998 to 2006.

Percentage of graduates from mathematics,
science and technology tertiary education
(ISCED 5 & 6) to the total number of
tertiary graduatesin Finland
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Figure 63 (Data source: Eurostat, 2009f)
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Figure 64 shows a 3.0 percentage unit or 8.7% aserén the relative share of students enrolled in
mathematics, science, computing, engineering, naatwfiing and construction tertiary education
(ISCED 5 & 6) among the total population of tergigtudents in Finland from 1998 to 2006.

Percentage of students enrolled in mathematics,
science, computing, engineering, manufacturing and
construction tertiary education (ISCED 5 & 6)
to the total number of tertiary students
in Anland
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Figure 64 (Data source: Eurostat, 2009f)

The primary trend for the development indicatorchnice of MST education (M-I) is the combined
average of the changes in the percentage of geslrain mathematics, science and technology
tertiary education and the percentage of studemtdled in mathematics, science, computing,
engineering manufacturing and construction terteatycation, which generates the preliminary
indicator value 2 for Finland. The secondary tr@ell) is not applicable, which sets the final

development indicator on choice of MST educatiarFioland to 2.

Supply development indicator

The assigned development indicators for Finlandllaistrated in figure 65 together with the
combined indicator for Finland constructed accaydimsection 2.2.4. Finland is facing a positive
trend in the supply of human resources in MST. lost important contributing factor is a very

positive trend in choice of MST education.
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Supply development indicator: Finland

Indicating trends in the supply of human resources

Extremely positive 3
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Positive 1

Insignificant 0
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Very negative -2

Extremely negative -3

Figure 65

8.2.2. Demand
Age pyramid (See 2.4 for a general analysis)
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Figure 66 (Source: U.S. Census Bureau, 2009)
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8.3. France

8.3.1. Supply

Demography

France can expect an 11% decrease in the totalgimpuof 18-year-olds from 1990 to 2020, as
illustrated by figure 67. The actual change froA@ % 2008 was a 12% decrease, and the projected
change from 2008 to 2020 is a 1% increase. Tharitnend over the period 1990-2025 is negative
(~5%).

The primary trend for the development indicatordemography (D-I) is the linear trend over the
period 1990/1993-2025/2030, which generates th@mnary indicator value -1 for France. The
secondary trend (D-II) is the projected change f&5/2008 to 2020. This does not affect the

analysis, and sets the final development indicatodemography for France to -1.
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Figure 67 (Data source: Eurostat, 2009a; Eurostat, 2009b)

Educational attainment
The final development indicator on educationaliatteent for France is set to 1. (See 2.3.2

Educational attainment for a general analysis)

Choice of MST education
Upper secondary school
No additional data has been found. (See sectiéhg Rata sources and 2.3.3. Choice of MST

education)
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Tertiary education
France experienced an 11,5% increase in the nuofilgeaduates from mathematics, science and
technology tertiary education (ISCED 5 & 6) fromB8%o 2006, as illustrated by figure 68.

Number of graduates from mathematics,
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Figure 68 (Data source: Eurostat, 2009f)

As demography and educational attainment havedirieeen accounted for, it is more interesting to
look at choice of MST education in relation to tbtal student population. Figure 69 shows a 4.9
percentage unit or 16.0% decrease in the relatiseesof graduates from mathematics, science and
technology tertiary education (ISCED 5 & 6) amohg total population of tertiary graduates in
France from 1998 to 2006.

Percentage of graduates from mathematics,
science and technology tertiary education
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tertiary graduatesin France
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Figure 69 (Data source: Eurostat, 2009f)
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The primary trend for the development indicatorchnice of MST education (M-I) is the combined
average of the changes in the percentage of geslfraim mathematics, science and technology
tertiary education and the percentage of studemtdled in mathematics, science, computing,
engineering manufacturing and construction tertetycation, which generates the preliminary
indicator value -3 for France. The secondary ti@ndl) is not applicable, which sets the final
development indicator on choice of MST educatiarAi@nce to -3.

Supply development indicator

The assigned development indicators for Francdlasgrated in figure 70 together with the combined
indicator for France constructed according to sec#.2.4. France is facing a negative trend in the
supply of human resources in MST. The most impoértantributing factor is an extremely negative

trend in choice of MST education.

Supply development indicator: France
Indicating trends in the supply of human resources in MST
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Figure 70
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8.3.2. Demand
Age pyramid (See 2.4 for a general analysis)
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Figure 71 (Source: U.S. Census Bureau, 2009)
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8.4. Germany

8.4.1. Supply

Demography

Germany can expect a 26% decrease in the totalgtapuof 18-year-olds from 1990 to 2020, as
illustrated by figure 72. The actual change froA@ % 2008 was a 6% decrease, and the projected
change from 2008 to 2020 is a 21% decrease. Tearltinend over the period 1990-2025 is extremely
negative (~20%).

The primary trend for the development indicatordemography (D-I) is the linear trend over the
period 1990/1993-2025/2030, which generates theamnary indicator value -3 for Germany. The
secondary trend (D-II) is the projected change f&5/2008 to 2020. This does not affect the

analysis, and sets the final development indicatodemography for Germany to -3.

Total 18-year-old population on 1 January each year
Germany

1 Projection
——

Thousands

Figure 72 (Data source: Eurostat, 2009a; Eurostat, 2009b)

Educational attainment
The final development indicator on educationaliattent for Germany is setto 1. (See 2.3.2

Educational attainment for a general analysis)

Choice of MST education
Upper secondary school
No additional data has been found. (See sectiéhg Rata sources and 2.3.3. Choice of MST

education)
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Tertiary education
Germany experienced a 13.0% increase in the nuaflggaduates from mathematics, science and

technology tertiary education (ISCED 5 & 6) fromB8%o 2006, as illustrated by figure 73.

Number of graduates from mathe matics,
science and technology tertiary
education (ISCED 5 & 6) in Germany
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Figure 73 (Data source: Eurostat, 2009f)

As demography and educational attainment havedireeen accounted for, it is more interesting to
look at choice of MST education in relation to tb&l student population. Figure 74 shows a 3.5
percentage unit or 12.2% decrease in the relatiseesof graduates from mathematics, science and
technology tertiary education (ISCED 5 & 6) amohg total population of tertiary graduates in
Germany from 1998 to 2006.

Percentage of graduates from mathematics,
science and technology tertiary education
(ISCED 5 & 6) to the total number of
tertiary graduates in Germany

35,0%

30,0%

[/
25,0% X 19

20,0% ‘ ‘ ‘ ‘ ‘ ‘ ‘
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Figure 74 (Data source: Eurostat, 2009f)
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Figure 75 shows a 2.4 percentage unit or 8.4% aserén the relative share of students enrolled in
mathematics, science, computing, engineering, naatwfing and construction tertiary education
(ISCED 5 & 6) among the total population of teiyigtudents in Germany from 1998 to 2006.

Percentage of students enrolled in mathematics,
science, computing, engineering, manufacturing and
construction tertiary education (ISCED 5 & 6)
to the total number of tertiary students
in Germany
35,0%

31,0%

/
30,0%

28,6%

25,0% -

20,0% ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
1998 1999 2000 2001 2002 2003 2004 2005 2006

Figure 75 (Data source: Eurostat, 2009f)

The primary trend for the development indicatorchnice of MST education (M-I) is the combined
average of the changes in the percentage of geslrain mathematics, science and technology
tertiary education and the percentage of studemtdled in mathematics, science, computing,
engineering manufacturing and construction tertetycation, which generates the preliminary
indicator value -1 for Germany. The secondary tr@dl) is not applicable, which sets the final

development indicator on choice of MST educatianGermany to -1.

Supply development indicator

The assigned development indicators for Germanillastrated in figure 76 together with the
combined indicator for Germany constructed accagrttinsection 2.2.4. Germany is facing a negative
trend in the supply of human resources in MST. fhlost important contributing factor is an

extremely negative trend in demography.
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Supply development indicator: Germany
Indicating trends in the supply of human resources in MST

Extremely positive 3

Very positive 2 -
Educational
attainment
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Insignificant 0 -
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) of MST Combined
Very negative -2 A .
indicator
Extremely negative -3

Demography

Figure 76

8.4.2. Demand
Age pyramid (See 2.4 for a general analysis)

Male Germany — 2009 Female
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Figure 77 (Source: U.S. Census Bureau, 2009)
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8.5. Ireland

8.5.1. Supply

Demography

Ireland can expect a 2% increase in the total @t of 18-year-olds from 1990 to 2020, as
illustrated by figure 78. The actual change froA@ % 2008 was a 12% decrease, and the projected
change from 2008 to 2020 is a 17% increase. Tleaiitrend over the period 1990-2025 is positive
(~5%).

The primary trend for the development indicatordemography (D-I) is the linear trend over the
period 1990/1993-2025/2030, which generates thewnary indicator value 2 for Ireland. The
secondary trend (D-I) is the projected change f&205/2008 to 2020. The large increase affects the

analysis by +1, and sets the final developmentatdir on demography for Ireland to 2.

Total 18-year-old population on 1 January each year
Ireland

80

1 X .
1 Projection
—_—

Thousands

Figure 78 (Data source: Eurostat, 2009a; Eurostat, 2009b)

Educational attainment
The final development indicator on educationaliatteent for Ireland is set to 1. (See 2.3.2

Educational attainment for a general analysis)

Choice of MST education
Upper secondary school
No additional data has been found. (See sectiéhg Rata sources and 2.3.3. Choice of MST

education)

107



Tertiary education
Ireland experienced a 17.7% increase in the numbgraduates from mathematics, science and
technology tertiary education (ISCED 5 & 6) fromB8%o 2006, as illustrated by figure 79.

Number of graduates from mathematics,
science and technology tertiary
education (ISCED 5 & 6) in Ireland
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Figure 79 (Data source: Eurostat, 2009f)

As demography and educational attainment havedirieeen accounted for, it is more interesting to
look at choice of MST education in relation to tbtal student population. Figure 80 shows a 6.2
percentage unit or 19.3% decrease in the relatiseesof graduates from mathematics, science and
technology tertiary education (ISCED 5 & 6) amohg total population of tertiary graduates in
Ireland from 1998 to 2006.

Percentage of graduates from mathematics,
science and technology tertiary education
(ISCED 5 & 6) to the total number of
tertiary graduatesin Ireland
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Figure 80 (Data source: Eurostat, 2009f)

108



Figure 81 shows a 8.2 percentage unit or 23.9%edserin the relative share of students enrolled in
mathematics, science, computing, engineering, naatwfing and construction tertiary education
(ISCED 5 & 6) among the total population of teyiatudents in Ireland from 1998 to 2006.

Percentage of students enrolled in mathematics,
science, computing, engineering, manufacturing and
construction tertiary education (ISCED 5 & 6)
to the total number of tertiary students
in Ireland
40,0%

35,00 | S43%

30,0%

X

26,1%

25,0%
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Figure 81 (Data source: Eurostat, 2009f)

The primary trend for the development indicatorchnice of MST education (M-I) is the combined
average of the changes in the percentage of gesltraim mathematics, science and technology
tertiary education and the percentage of studemtdled in mathematics, science, computing,
engineering manufacturing and construction tertéycation, which generates the preliminary
indicator value -3 for Ireland. The secondary tré¥dl) is not applicable, which sets the final

development indicator on choice of MST educatianifeland to -3.

Supply development indicator

The assigned development indicators for Irelandlstrated in figure 82 together with the comhine
indicator for Ireland constructed according to mecP.2.4. Ireland is not facing any significargrtd

in the supply of human resources in MST. However,dombined indicator hides an extremely
negative trend in choice of MST education, which haen counterbalanced by a very positive trend

in demography and a positive trend in educatiotialranent.
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Supply development indicator: Ireland
Indicating trends in the supply of human resources in MST
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Figure 82
8.5.2. Demand
Age pyramid (See 2.4 for a general analysis)
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Figure 83 (Source: U.S. Census Bureau, 2009)
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8.6. Italy

8.6.1. Supply

Demography

Italy can expect a 35% decrease in the total pdipulaf 18-year-olds from 1990 to 2020; as
illustrated by figure 84. The actual change froA@ % 2008 was a 34% decrease, and the projected
change from 2008 to 2020 is a 3% decrease. Tharltrend over the period 1990-2025 is extremely
negative (~35%).

The primary trend for the development indicatordemography (D-I) is the linear trend over the
period 1990/1993-2025/2030, which generates themnary indicator value -3 for Italy. The
secondary trend (D-II) is the projected change f&205/2008 to 2020. The stabilisation affects the

analysis by +1, and sets the final developmentatdir on demography for Italy to -2.

Total 18-year-old population on 1 January each year
Italy

Projection

Thousands

Figure 84 (Data source: Eurostat, 2009a; Eurostat, 2009b)

Educational attainment
The final development indicator on educationaliattent for Italy is set to 2. (See 2.3.2 Educationa

attainment for a general analysis)

Choice of MST education

Upper secondary school

No additional data has been found. (See sectiéhg Rata sources and 2.3.3. Choice of MST
education)

See section 3.2.3. No additional data has beerdfoun
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Tertiary education

Italy experienced a 1.5 percentage unit or 6.2%edse in the relative share of graduates from
mathematics, science and technology tertiary esduc@SCED 5 & 6) among the total population of
tertiary graduates from 1998 to 2006, as illustrémg figure 85.

Percentage of graduates from mathematics,
science and technology tertiary education
(ISCED 5 & 6) to the total number of
tertiary graduatesin Italy
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Figure 85 (Data source: Eurostat, 2009f)

Figure 86 shows a 3.6 percentage unit or 13.2%edserin the relative share of students enrolled in
mathematics, science, computing, engineering, naatwfiing and construction tertiary education
(ISCED 5 & 6) among the total population of terfigtudents in Italy from 1998 to 2006.

Percentage of students enrolled in mathematics,
science, computing, engineering, manufacturing and
construction tertiary education (ISCED 5 & 6)
to the total number of tertiary students
in ltaly
30,0%
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Figure 86 (Data source: Eurostat, 2009f)
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The primary trend for the development indicatorcbnice of MST education (M-l) is the combined
average of the changes in the percentage of gesltraim mathematics, science and technology
tertiary education and the percentage of studemtdled in mathematics, science, computing,
engineering manufacturing and construction tertéycation, which generates the preliminary
indicator value -2 for Italy. The secondary treMti() is not applicable, which sets the final

development indicator on choice of MST educatianitiy to -2.

Supply development indicator

The assigned development indicators for Italy Bustrated in figure 87 together with the combined
indicator for Italy constructed according to seat®?2.4. Italy is facing a negative trend in thpy

of human resources in MST. Very negative trendseimography and choice of MST education are
both contributing factors which are somewhat cotnaianced by a very positive trend in educational
attainment.

Supply development indicator: Italy
Indicating trends in the supply of human resources in MST

Extremely positive 3

Educational
attainment
Very positive 2
Positive 14
Insignificant 0 -
Negative -1 4
Combined
indicator
Very negative -2 -
Demography Choice
of MST
Extremely negative -3
Figure 87
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8.6.2. Demand

Age pyramid (See 2.4 for a general analysis)

Male Female

I I I I I
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Fopulation (in millions)

Figure 88 (Source: U.S. Census Bureau, 2009)
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8.7. Netherlands

8.7.1. Supply

Demography

The Netherlands can expect a 15% decrease intdidgtpulation of 18-year-olds from 1990 to 2020,
as illustrated by figure 89. The actual change fi®90 to 2008 was a 17% decrease, and the
projected change from 2008 to 2020 is a 2% increlse linear trend over the period 1990-2025 is,

however, insignificant (<3%).

The primary trend for the development indicatordemography (D-I) is the linear trend over the
period 1990/1993-2025/2030, which generates thampnary indicator value 0 for the Netherlands.
The secondary trend (D-Il) is the projected changim 2005/2008 to 2020. This does not affect the

analysis, and sets the final development indicatodemography for the Netherlands to 0.

Total 18-year-old population on 1 January each year
Netherlands
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Figure 89 (Data source: Eurostat, 2009a; Eurostat, 2009b)

Educational attainment
The final development indicator on educationaliatteent for the Netherlands is setto 1. (See 2.3.2

Educational attainment for a general analysis)

Choice of MST education
Upper secondary school
No additional data has been found. (See sectiéhg Rata sources and 2.3.3. Choice of MST

education)
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Tertiary education
The Netherlands experienced a 29.4% increase inuimber of graduates from mathematics, science
and technology tertiary education (ISCED 5 & 6)nfir@998 to 2006, as illustrated by figure 90.

Number of graduates from mathematics,
science and technology tertiary
education (ISCED 5 & 6) in Netherlands

18

[y

Thousands

16

14 4 13,6

12

1998 1999 2000 2001 2002 2003 2004 2005 2006
Figure 90 (Data source: Eurostat, 2009f)

As demography and educational attainment havedireeen accounted for, it is more interesting to
look at choice of MST education in relation to tb&l student population. Figure 91 shows a 1.9
percentage unit or 11.2% decrease in the relatiseesof graduates from mathematics, science and
technology tertiary education (ISCED 5 & 6) amohg total population of tertiary graduates in the
Netherlands from 1998 to 2006.

Percentage of graduates from mathematics,
science and technology tertiary education
(ISCED 5 & 6) to the total number of
tertiary graduates in Netherlands

25,0%
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Figure 91 (Data source: Eurostat, 2009f)
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Figure 92 shows a 2.2 percentage unit or 12.8%edserin the relative share of students enrolled in
mathematics, science, computing, engineering, naatwfing and construction tertiary education
(ISCED 5 & 6) among the total population of teyigtudents in the Netherlands from 1998 to 2006.

Percentage of students enrolled in mathematics,
science, computing, engineering, manufacturing and
construction tertiary education (ISCED 5 & 6)
to the total number of tertiary students
in Netherlands
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Figure 92 (Data source: Eurostat, 2009f)

The primary trend for the development indicatorchnice of MST education (M-I) is the combined
average of the changes in the percentage of gesltraim mathematics, science and technology
tertiary education and the percentage of studemtdled in mathematics, science, computing,
engineering manufacturing and construction tertéycation, which generates the preliminary
indicator value -2 for the Netherlands. The seconttend (M-I1) is not applicable, which sets the

final development indicator on choice of MST ediarafor the Netherlands to O.

Supply development indicator

The assigned development indicators for the Nedhed are illustrated in figure 93 together with the
combined indicator for the Netherlands construeterbrding to section 2.2.4. The Netherlands is
facing a somewhat negative trend in the supplyuofidn resources in MST. This is due to a very
negative trend in choice of MST education, partyrtterbalanced by a positive trend in educational

attainment.
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Supply development indicator: Netherlands
in MST

Indicating trends in the supply of human resources
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Figure 93

8.7.2. Demand
Age pyramid (See 2.4 for a general analysis)
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Figure 94 (Source: U.S. Census Bureau, 2009)
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8.8. Poland

8.8.1. Supply

Demography

Poland can expect a 33% decrease in the total giqulof 18-year-olds from 1990 to 2020, as
illustrated by figure 95. The actual change froB@ % 2008 was a 3% increase, and the projected
change from 2008 to 2020 is a 35% decrease. Tearltinend over the period 1990-2025 is extremely
negative (~50%).

The primary trend for the development indicatordemography (D-I) is the linear trend over the
period 1990/1993-2025/2030, which generates thamnary indicator value -3 for Poland. The
secondary trend (D-II) is the projected change f&5/2008 to 2020. This does not affect the

analysis, and sets the final development indicatodemography for Poland to -3.

Total 18-year-old population on 1 January each year
Poland
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Figure 95 (Data source: Eurostat, 2009a; Eurostat, 2009b)

Educational attainment
The final development indicator on educationaliatteent for Poland is set to 2. (See 2.3.2

Educational attainment for a general analysis)

Choice of MST education
Upper secondary school
No additional data has been found. (See sectiéhg Rata sources and 2.3.3. Choice of MST

education)
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Tertiary education
Poland experienced a 208.3% increase in the nuaflggaduates from mathematics, science and
technology tertiary education (ISCED 5 & 6) fromB8%o 2006, as illustrated by figure 96.

Number of graduates from mathematics,
science and technology tertiary
education (ISCED 5 & 6) in Poland
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Figure 96 (Data source: Eurostat, 2009f)

As demography and educational attainment havedirieeen accounted for, it is more interesting to
look at choice of MST education in relation to tbtal student population. Figure 97 shows a 1.8
percentage unit or 11.9% increase in the relatiagesof graduates from mathematics, science and
technology tertiary education (ISCED 5 & 6) amohg total population of tertiary graduates in
Poland from 1998 to 2006.

Percentage of graduates from mathematics,
science and technology tertiary education
(ISCED 5 & 6) to the total number of
tertiary graduatesin Poland

25,0%

20,0%

16,9%

N 15,1%
15,0% | S—

10,0%

1998 1999 2000 2001 2002 2003 2004 2005 2006

Figure 97 (Data source: Eurostat, 2009f)
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Figure 98 shows a 1.3 percentage unit or 6.2% aserén the relative share of students enrolled in
mathematics, science, computing, engineering, naatwfiing and construction tertiary education
(ISCED 5 & 6) among the total population of terfigtudents in Poland from 1998 to 2006.

Percentage of students enrolled in mathematics,
science, computing, engineering, manufacturing and
construction tertiary education (ISCED 5 & 6)
to the total number of tertiary students
in Poland
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Figure 98 (Data source: Eurostat, 2009f)

The primary trend for the development indicatorchnice of MST education (M-I) is the combined
average of the changes in the percentage of gesltraim mathematics, science and technology
tertiary education and the percentage of studemtdled in mathematics, science, computing,
engineering manufacturing and construction tertéycation, which generates the preliminary
indicator value 2 for Poland. The secondary trévdl] is not applicable, which sets the final

development indicator on choice of MST educatiarMoland to 2.

Supply development indicator

The assigned development indicators for Polandlastrated in figure 99 together with the combined
indicator for Poland constructed according to secH.2.4. Poland is facing a somewhat positivedtren
in the supply of human resources in MST. This ie tluvery positive trends in educational attainment

and choice of MST, counterbalanced by an extremegjative trend in demography.
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8.8.2.

Supply development indicator: Poland
Indicating trends in the supply of human resources
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Figure 100(Source: U.S. Census Bureau, 2009)
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8.9. Sweden

8.9.1. Supply

Demography

Sweden can expect a 13% decrease in the totalgapubf 18-year-olds from 1990 to 2020, as
illustrated by figure 101. The actual change fr@d8@ to 2008 was an 8% increase, and the projected
change from 2008 to 2020 is a 20% decrease. Tharlinend over the period 1990-2025 is, however,

insignificant (<3%).

The primary trend for the development indicatordemography (D-I) is the linear trend over the
period 1990/1993-2025/2030, which generates thamnary indicator value 0 for Sweden. The
secondary trend (D-II) is the projected change f&205/2008 to 2020. The very large decrease
affects the analysis by -2, and sets the final lbgweent indicator on demography for Sweden to -2.
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Figure 101(Data source: Eurostat, 2009a; Eurostat, 2009b)

Educational attainment
The final development indicator on educationaliatteent for Sweden is set to 1. (See 2.3.2

Educational attainment for a general analysis)

Choice of MST education

Upper secondary school

Sweden has provided additional data on applicatmasadmissions to science and technology
preparatory upper secondary school education dd98¢-2008. The data is presented in figures 102-
105 and exposes extremely negative trends, in atesoumbers as well as in relation to the total

student population. Figure 105 shows a 7.5 pergentait or 35.3% decrease in the relative share of
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applicants to science and technology preparatogpgugecondary school education among the total
number of upper secondary school applicants in 8wé&wdm 2000 to 2008.

Number of applicants to
science and technology preparatory
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Figure 102(Data source: Skolverket, 2006a-j; Skolverket, 2(@Kkblverket, 2008; Skolverket, 2009)
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Figure 103(Data source: Skolverket, 2006a-j; Skolverket, 2(kblverket, 2008; Skolverket, 2009)
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Change in number of applicants and admitted to
science and technology preparatory
upper secondary school education (ISCED 3) in Swede n
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Figure 104 (Data source: Skolverket, 2006a-j; Skolverket, 2(kblverket, 2008; Skolverket, 2009)
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Figure 105(Data source: Skolverket, 2006a-j; Skolverket, 2(kblverket, 2008; Skolverket, 2009)
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Tertiary education
Sweden experienced a 78.9% increase in the nunigeaduates from mathematics, science and
technology tertiary education (ISCED 5 & 6) fromB8%o 2006, as illustrated by figure 106.

Number of graduates from mathematics,
science and technology tertiary
education (ISCED 5 & 6) in Sweden
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Figure 106(Data source: Eurostat, 2009f)

As demography and educational attainment havedirieeen accounted for, it is more interesting to
look at choice of MST education in relation to tb&al student population. Figure 107 shows a 0.2
percentage unit or 0.8% decrease in the relatigeestf graduates from mathematics, science and
technology tertiary education (ISCED 5 & 6) amohg total population of tertiary graduates in
Sweden from 1998 to 2006.

Percentage of graduates from mathematics,
science and technology tertiary education
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Figure 107 (Data source: Eurostat, 2009f)
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Figure 108 shows a 4.3 percentage unit or 14.2%eédsee in the relative share of students enrolled in
mathematics, science, computing, engineering, naatwfing and construction tertiary education
(ISCED 5 & 6) among the total population of tergigtudents in Sweden from 1998 to 2006.

Percentage of students enrolled in mathematics,
science, computing, engineering, manufacturing and
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to the total number of tertiary students
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Figure 108(Data source: Eurostat, 2009f)

Sweden has also provided additional data on apjalicato tertiary engineering education in Sweden
during 2001-2009. The data is presented in figf¥5111, and exposes negative trends in absolute
numbers and extremely negative trends in relagu@s. Figure 111 shows a 6.2 percentage unit or
38.4% decrease in the relative share of applidartestiary engineering education among the total

number tertiary education applicants in Sweden f20@1 to 2009.
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Figure 109 (Data source: Hogskoleverket, 2009b)
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Figure 110(Data source: Hogskoleverket, 2009b)
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Percentage of applicants to tertiary engineering ed ucation
(ISCED 5A) to the total number of tertiary applican  ts in Sweden
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Figure 111 (Data source: Hogskoleverket, 2009b)

The primary trend for the development indicatorchnice of MST education (M-I) is the combined
average of the changes in the percentage of gesltrain mathematics, science and technology
tertiary education and the percentage of studemtdled in mathematics, science, computing,
engineering manufacturing and construction tertetycation, which generates the preliminary
indicator value -1 for Sweden. The additional datavided by Sweden on applications to science- and
technology-related education at the upper secorataytertiary levels have been analysed as
secondary trends (M-Il). These affect the analpgis2 and set the final development indicator on

choice of MST education for Sweden to -3.

Supply development indicator

The assigned development indicators for Swedeillaserated in figure 112 together with the
combined indicator for Sweden constructed accortbrgection 2.2.4. Sweden is facing a very
negative trend in the supply of human resourcé&43ii. The main contributing factor is an extremely
negative trend in choice of MST education, althoaglery negative trend in demography is not far
behind.
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Supply development indicator: Sweden
Indicating trends in the supply of human resources in MST

Extremely positive 3

Very positive 2

Educational
attainment

Positive 14

Insignificant 0 -

Negative -1

Very negative -2 A

Demography Combined

indicator

Extremely negative -3

Figure 112

8.9.2. Demand
Age pyramid (See 2.4 for a general analysis)

Male Suweden — 2009 Female

I | | I I
325 268 195 138 B3 a a 63 138 195 268 32
Fopulation (in thousands]

Figure 113(Source: U.S. Census Bureau, 2009)
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8.10.  United Kingdom

8.10.1. Supply

Demography

The United Kingdom can expect a 19% decrease itotaépopulation of 18-year-olds from 1990 to
2020, as illustrated by figure 114. The actual geafnom 1990 to 2008 was a 5% decrease, and the
projected change from 2008 to 2020 is a 15% deer&dee linear trend over the period 1990-2025 is

insignificant (<3%).

The primary trend for the development indicatordemography (D-I) is the linear trend over the
period 1990/1993-2025/2030, which generates thampnary indicator value 0 for the United
Kingdom. The secondary trend (D-1l) is the projecthange from 2005/2008 to 2020. The large
decrease affects the analysis by -1, and seténdledevelopment indicator on demography for the
United Kingdom to -1.

Total 18-year-old population on 1 January each year
United Kingdom
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Figure 114(Data source: Eurostat, 2009a; Eurostat, 2009b)

Educational attainment
The final development indicator on educationaliatteent for the United Kingdom is set to 1. (See

2.3.2 Educational attainment for a general anglysis

Choice of MST education
Upper secondary school
No additional data has been found. (See sectiég Rata sources and 2.3.3. Choice of MST

education)
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Tertiary education
The United Kingdom experienced a 13.8% increaske@mumber of graduates from mathematics,

science and technology tertiary education from 1838006, as illustrated by figure 115.

Number of graduates from mathe matics,
science and technology tertiary
education (ISCED 5 & 6) in United Kingdom
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Figure 115(Data source: Eurostat, 2009f)

As demography and educational attainment havedireeen accounted for, it is more interesting to
look at choice of MST education in relation to tb&al student population. Figure 116 shows a 4.2
percentage unit or 16.0% decrease in the relatiseesof graduates from mathematics, science and
technology tertiary education (ISCED 5 & 6) amohg total population of tertiary graduates in the
United Kingdom from 1998 to 2006.

Percentage of graduates from mathematics,
science and technology tertiary education
(ISCED 5 & 6) to the total number of
tertiary graduates in United Kingdom
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Figure 116(Data source: Eurostat, 2009f)
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Figure 117 shows a 4.9 percentage unit or 17.6%eédse in the relative share of students enrolled in
mathematics, science, computing, engineering, naatwfing and construction tertiary education
(ISCED 5 & 6) among the total population of teniatudents in the United Kingdom from 1998 to
2006.

Percentage of students enrolled in mathematics,
science, computing, engineering, manufacturing and
construction tertiary education (ISCED 5 & 6)
to the total number of tertiary students
in United Kingdom
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Figure 117(Data source: Eurostat, 2009f)

The primary trend for the development indicatorchnice of MST education (M-I) is the combined
average of the changes in the percentage of geslrain mathematics, science and technology
tertiary education and the percentage of studemtdled in mathematics, science, computing,
engineering manufacturing and construction tertéycation, which generates the preliminary
indicator value -3 for the United Kingdom. The sedary trend (M-Il) is not applicable, which sets

the final development indicator on choice of MSTieation for the United Kingdom to -3.

Supply development indicator

The assigned development indicators for the Uritiedgdom are illustrated in figure 118 together
with the combined indicator for the United Kingdotonstructed according to section 2.2.4. The
United Kingdom is facing a negative trend in thpy of human resources in MST. The main

contributing factor is an extremely negative tramdhoice of MST education.
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Supply development indicator: United Kingdom
Indicating trends in the supply of human resources in MST

Extremely positive 3

Very positive 2

Educational
attainment

Positive 14

Insignificant 0 -

Negative -1
Demography
Combined

Very negative -2 T
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Figure 118

8.10.2. Demand
Age pyramid (See 2.4 for a general analysis)

Male United Kingdom — 2009 Female

I | [ I I
3 2.4 1.8 1.2 .B'E a
Fopulation (in millions)

Figure 119(Source: U.S. Census Bureau, 2009)
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8.11. China

8.11.1. Supply

Demography

China can expect a 29% decrease in the total piopulaf 15- to 19-year-olds from 1990 to 2020, as
illustrated by figure 120. The actual change frd@#8@.to 2005 was a 2% increase, and the projected
change from 2005 to 2020 is a 30% decrease. Tearlinend over the period 1990-2030 is very
negative (~25%).

Total 15- to 19-year-old population
China
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Figure 120(Data source: United Nations Population Divisiod)Q)

Supply development indicator
There is not enough information available to cangta supply development indicator.
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8.11.2. Demand
Age pyramid (See 2.4 for a general analysis)

Male China — 2009

Female

[ [ [ [
65 52 39 26 13 2}

Population {in millions)

Figure 121(Source: U.S. Census Bureau, 2009)
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8.12. Japan

8.12.1. Supply

Demography

Japan can expect a 44% decrease in the total giooudd 15- to 19-year-olds from 1990 to 2020, as
illustrated by figure 122. The actual change fr@d8@ to 2005 was a 35% decrease, and the projected
change from 2005 to 2020 is a 14% decrease. Tearltinend over the period 1990-2030 is extremely
negative (~55%).

The primary trend for the development indicatordemography (D-I) is the linear trend over the
period 1990/1993-2025/2030, which generates thewinary indicator value -3 for Japan. The
secondary trend (D-II) is the projected change f&5/2008 to 2020. This does not affect the

analysis, and sets the final development indicatodemography for Japan to -3.

Total 15- to 19-year-old population
Japan
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Projection
e
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1990 1995 2000 2005 2010 2015 2020 2025 2030

Millions

Figure 122 (Data source: United Nations Population Divisiod02)

Educational attainment
The final development indicator on educationaliatteent for Japan is set to 2. (See 2.3.2 Educdtiona

attainment for a general analysis)

Choice of MST education
Upper secondary school
No additional data has been found. (See sectiéhg Rata sources and 2.3.3. Choice of MST

education)
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Tertiary education
Japan experienced a 3.8% decrease in the numpexdates from mathematics, science and
technology tertiary education (ISCED 5 & 6) from®8%o 2006, as illustrated by figure 123.

Number of graduates from mathematics,
science and technology tertiary
education (ISCED 5 & 6) in Japan
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Figure 123(Data source: Eurostat, 2009f)

As demography and educational attainment havedirieeen accounted for, it is more interesting to
look at choice of MST education in relation to tb&al student population. Figure 124 shows a 2.7
percentage unit or 10.8% decrease in the relatiseesof graduates from mathematics, science and
technology tertiary education (ISCED 5 & 6) amohg total population of tertiary graduates in Japan
from 1998 to 2006.

Percentage of graduates from mathematics,
science and technology tertiary education
(ISCED 5 & 6) to the total number of
tertiary graduates in Japan
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Figure 124 (Data source: Eurostat, 2009f)
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Figure 125 shows a 2.7 percentage unit or 11.5%¢eédse in the relative share of students enrolled in
mathematics, science, computing, engineering, naatwfing and construction tertiary education
(ISCED 5 & 6) among the total population of teiatudents in Japan from 1998 to 2006.

Percentage of students enrolled in mathematics,
science, computing, engineering, manufacturing and
construction tertiary education (ISCED 5 & 6)
to the total number of tertiary students
in Japan
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Figure 125(Data source: Eurostat, 2009f)

The primary trend for the development indicatorchnice of MST education (M-I) is the combined
average of the changes in the percentage of gesltraim mathematics, science and technology
tertiary education and the percentage of studemtdled in mathematics, science, computing,
engineering manufacturing and construction tertéycation, which generates the preliminary
indicator value -2 for Japan. The secondary trédl) is not applicable, which sets the final

development indicator on choice of MST educatianJfpan to -2.

Supply development indicator

The assigned development indicators for Japarlasgrated in figure 126 together with the combined
indicator for Japan constructed according to se@i@.4. Japan is facing a very negative trentien t
supply of human resources in MST. The most impoitantributing factor is an extremely negative

trend in demography, although a very negative tierahoice of MST education is not far behind.
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8.12.2.

Supply development indicator: Japan
Indicating trends in the supply of human resources

in MST
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Figure 126

Age pyramid (See 2.4 for a general analysis)
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Figure 127(Source: U.S. Census Bureau, 2009)
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8.13.  United States of America

8.13.1. Supply

Demography

The United States of America can expect a 25% &saén the total population of 15- to 19-year-olds
from 1990 to 2020, as illustrated by figure 128eHuttual change from 1990 to 2005 was a 21%
increase, and the projected change from 2005 t6 B02 3% increase. The linear trend over the
period 1990-2030 is very positive (~30%).

The primary trend for the development indicatordemography (D-I) is the linear trend over the
period 1990/1993-2025/2030, which generates themnary indicator value 3 for the United States

of America. The secondary trend (D-II) is the potgel change from 2005/2008 to 2020. This does not
affect the analysis, and sets the final developrmgtitator on demography for the United States of

America to 3.
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Figure 128(Data source: United Nations Population Divisiod02)

Educational attainment
The final development indicator on educationaliatteent for the United States of America is set.to 1

(See 2.3.2 Educational attainment for a generdy/sisa

Choice of MST education
Upper secondary school
No additional data has been found. (See sectiéhg Rata sources and 2.3.3. Choice of MST

education)
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Tertiary education
The United States of America experienced a 21.9%eéase in the number of graduates from

mathematics, science and technology tertiary ecuc&ibom 1998 to 2006 (see figure 129).

Number of graduates from mathe matics,
science and technology tertiary
education (ISCED 5 & 6) in United States
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Figure 129(Data source: Eurostat, 2009f)

As demography and educational attainment havedireeen accounted for, it is more interesting to
look at choice of MST education in relation to tb&al student population. Figure 130 shows a 0.9
percentage unit or 5.3% decrease in the relatigeeshf graduates from mathematics, science and
technology tertiary education (ISCED 5 & 6) amohg total population of tertiary graduates in the
United States from 1998 to 2006.

Percentage of graduates from mathematics,
science and technology tertiary education
(ISCED 5 & 6) to the total number of
tertiary graduates in United States
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Figure 130(Data source: Eurostat, 2009f)
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The primary trend for the development indicatorcbnice of MST education (M-l) is the combined
average of the changes in the percentage of geslfraim mathematics, science and technology
tertiary education and the percentage of studemtdled in mathematics, science, computing,
engineering manufacturing and construction tertetycation, which generates the preliminary
indicator value -1 for the United States of Ameri€he secondary trend (M-11) is not applicable,
which sets the final development indicator on ce@tEMST education for the United States of
America to -1.

Supply development indicator

The assigned development indicators for the Uritiedes of America are illustrated in figure 131
together with the combined indicator for the Uniftdtes of America constructed according to section
2.2.4. The United States of America is facing atp@strend in the supply of human resources in

MST. The main contributing factor is an extremedbgitive trend in demography.

Supply development indicator: United States

Indicating trends in the supply of human resources in MST
Extremely positve 3 . Jemography
Very positive 2 Combined
Educational indicator
attainment
Positive 1 4
Insignificant 0 4
Negative -1 4
Choice
of MST
Very negative -2
Extremely negative -3
Figure 131
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8.13.2. Demand
Age pyramid (See 2.4 for a general analysis)

Male United States — 2009

Female

I I I I
15 12 9 6 3 ]
Population {in millions)

Figure 132(Source: U.S. Census Bureau, 2009)
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9.
9.1.

APPENDIX 2:
HEVA

Operating income
Tax (30%)

Calculations

2002
2837 000 000 kr
-851 100 000 kr

2003
2504 000 000 kr
-751 200 000 kr

2004
14 679 000 000 kr
-4 403 700 000 kr

2005
18 153 000 000 kr
-5 445 900 000 kr

2006
18 713 000 000 kr
-5 613 900 000 kr

2007
20 583 000 000 kr
-6 174 900 000 kr

2008
14 454 000 000 kr
-4 336 200 000 kr

Net operating income after tax

1985 900 000 kr

1752 800 000 kr

10 275 300 000 kr

12 707 100 000 kr

13 099 100 000 kr

14 408 100 000 kr

10 117 800 000 kr

Interest-bearing receivables

Liquid funds

Shareholders' equity

Provision for post employment benefits
Interest-bearing liabilities

-8 495 000 000 kr
-24 154 000 000 kr
78 525 000 000 kr
16 218 000 000 kr
22 494 000 000 kr

-9 413 000 000 kr
-28 102 000 000 kr
72 636 000 000 kr
15 264 000 000 kr
24 677 000 000 kr

-12 127 000 000 kr
-34 628 000 000 kr
70 155 000 000 kr
14 677 000 000 kr
13 968 000 000 kr

-7 691 000 000 kr
-36 047 000 000 kr
78 760 000 000 kr
11 966 000 000 kr
13 097 000 000 kr

-13 214 000 000 kr
-29 907 000 000 kr
87 188 000 000 kr
8 661 000 000 kr
9 779 000 000 kr

-13 701 000 000 kr
-30 026 000 000 kr
75 129 000 000 kr

9 746 000 000 kr
38 286 000 000 kr

-6 056 000 000 kr
-22 575 000 000 kr
75 046 000 000 kr
11 677 000 000 kr
46 749 000 000 kr

Cost of capital (9%)

7 612 920 000 kr

6 755 580 000 kr

4 684 050 000 kr

5 407 650 000 kr

5 625 630 000 kr

7 149 060 000 kr

9 435 690 000 kr

Full time equivalents (incl. temps.: +10% on average) 78276 83314 89188 90046 91509 111870 111518
HEVA (NPV) -71 887 kr -60 047 kr 62 691 kr 81 064 kr 81 669 kr 64 888 kr 6117 kr
HEVA 7-year average 23 499 kr
Weight 1,343995942
Weighted HEVA 7-year average 31583 kr
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9.2. Extended model

SWEDEN 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Annual production deficit 4143 4295 4691 4597 4496 4202 3859 3622 3437 3350 3307 3389 3382 3327 3532 3395 3733 3856
Accumulated gross deficit 4143 8438 13129 17726 22222 26424 30283 33905 37342 40692 43999 47388 50770 54097 57629 61024 64757 68613

share Volvo Group 0 [ 0 493 0 0 2 8 0 [ 120 128
Gross total cost NPV 1551613076 kr 2086200731 ki 4390579562k 5601594 601 kr__ 6635823 100 kr__ 7456 268 204 kr 8074804321 k8542044 514kr__ 8891031283 kr__ 0155336818 k9354462 176k 9520398 424 kr__ 0638393083 kr___ 0704 683 564 kr__ 9760222 664 kr__ 9775305 128k 0802279885 kr__ 0814 268 962 kr
re Volvo Group Okr Okr 704550 770 ke 123864 754 k139 179057 k150 724 881 kr Ok Ok 170894 179kr___ 174611068kr___ 177 708446kr 179910 942 kr Ok Ok 182466553kr 182070065 kr 183 193 668 kr
Investment, 10 year delay NPV okr Okr  539038266kr 403944 014 kr Ok Okr Ok Ok okr Okr Ok Okr okr ok Okr Okr okr Ok
no of people recruited 0 0 5813 4610 [ [ [ 0 [ 0 [ 0 0 0 0 0 0 0
Investment, 7 year delay NPV okr Okr  539038266kr  509366434kr 481327915k 454832801kr  429796133kr  205659944kr 186801141k 194002369k 189451577 kr Okr okr okr okr Okr okr ok
no of people recruited 0 0 6975 3532 3733 0 [} 0 [ 0 [ 0
Investment, 4 year delay NPV okr Okr  127514428kr  120495286kr 113862518k 107504856 kr 101672203 kr 96 075 568 kr 90 787 005 kr 85789 555 kr Okr Okr okr Okr Okr 0kr Okr Okr
no of people recruited 0 0 1100 1100 1100 1100 1100 1100 0 110 [ 0 [ 0 [ 0 [ 0
Total t r 1205590960 k1033805734 kr 505190433k 562427657 ki __ 53146833 kr 301735512k 277588 146k 279881024k 189 451 577 kr r « r r 4
Ivo Group, 100% take responsibility v r 22503 648 kr 19297 093 kr 11109 868 kr 10498 315 kr 920 426 kr 632217 kr 181480 kr 224296 kr 3536 317 kr r « r r 3
0 Group, 50% take responsibility 3 « 45007 296 kr 38594 185 kr 22219735 ke 20996 631 kr 19 840 853 kr 71264 434 kr 10 362 961 kr 10 448 592 kr 7072 634 kr q r r r r
0 Group, 25% take responsibility r r 90014 592 kr 77 188 370 kr 44439 471 ke 41993 261 kr 39681706 kr 22 528 868 kr 20725 922 kr 20897 185 kr 14145 267 kr r « r « r 4
/0 Group, 10% take responsi v «__ 225036480kr___ 192070926 kr 111098677 ki 104983 153 kr 99204 264 kr 56 322 169 kr 51814804 kr 52 242 962 kr 35363 168 kr G « r « «
Accumulated net deficit 4143 8438 13129 17726 22222 26424 29183 31705 34042 20317 24549 19863 9358 0 [ 0 [ 0
share Volvo Groug 0 0 0 331 415 493 545 0 0 547 458 371 175 0 0 0 0 0
Net cost due to deficit NPV 1551613076 kr 2986200731 kr 4390579562k 56015694 601 kr 6635623 100 kr 7456 258 204 kr 7781495 046k 7988616 895kr 8105310025 k6596 063342 k5219270 710 k3090539 248 kr 1776 467 663 kr Ok Okr Okr Okr Ok
share Volvo Group Ok Okr Okr__ 104550770kr 123864 754kr 139179057 kr 145249 949 kr Okr Ok 123122505 kr 97 423 285 kr 74 487 694 kr 33159674 kr Okr Okr Okr Okr Okr
Nt total cost NPV, 1551613076 kr 2086200731 ki 5596 170622k _ 6635400335 kr__ 7231013532 kr 8018685951 k_ 8312063382k _ 8290352407 kr__ 8382898 170 kr__ 6875 045 266 kr__ 5408 722 286 kr 3090 539 248 kr 1776 467 663 kr « 3 r T q
Share Volvo Group, 100% take responsibility 3 T 22503648k 123856863k 134974 622ki___ 149677 372kr__ 155 170 376 kr 5632 217 kr 181480 k128 346892 700 950 607 kr 74 487 694 kr 759 674 kr T 3 3 T T
share Volvo Group, 50% take responsibility 3 r 45007 206 k143 153 965k 146 084 489 kr___160 175687 kr__165 090 802 kr 71 264 434 kr 10362961 k133571188 7104 495 918 kr 74 487 694 kr 750 674 kr T 3 T T 3
share Volvo Group, 25% take responsibility 3 r G001A 500 k161748 140kr 168304 225 kr 181172318 kr 184 931 665 kr 22 528 868 kr 20725922 k144019 760 711 568 552 kr 74 487 694 kr 759 674 kr T 3 3 3 a
Share Volvo Group, 10% take responsibility 3 T 225036480kr___ 207530606k 234963431 ki 244 162210 kr___ 244 454 213 kr 56 322 169 kr 51814804k 175365558 732 786 453 kr 74 487 694 kr 759 674 kr T T T T T
Cash flow difference (Gross total cost - Net total cost) NPt 3 12055690960 kr 1033805734 kr 505100430k 562427657 ki 238 150 062kr 252592107 kr 508133 113kr 2279391562k 30945739890 kr 5520850 176 kr 7861025410k 9704683564k 0769222654 kr 0775305 128 kr 9802279885 kr 9814 268 962 kr
Share Volvo Group, 100% take responsibility 3 «___27503648kr____19207003kr___11100868kr___-10498316kr G 5632 217 kr 5 181 480 kr 42547 288 kr 651466 kr___103 220 751 kr 751268 kr r 182466653 kr___ 182070066 k183 193668 kr
share Volvo Group, 50% take responsibility v T 45007 206kr___ 38504185k 22219 735kt 596 631 kr T 11264434kr____10362961kr 37322 991 kr 115 149kr___103 220 751 kr 751268 kr r r__ 182466553kr___ 182070065 kr___ 183 193 668 kr
share Volvo Group, 25% take responsil 3 00014502k 771883/0kr __44439471ki 41003261k 34206 773k 22528 868 k___-20 725 022 kr 26 874 399 kr 042516 kr___103220 751 kr 751 268 kr « 182466653 kr « ke
share Volvo Group, 10% take responsibility i i -225 036 480 kr -192 970 926 kr -111 098 677 kr -104 983 153 kr -93 729 332 kr -56 322 169 kr -51814 804 kr -4 471 379 kr 824 615 kr 103 220 i 751 268 kr r i 182 466 553 kr 182 970 065 kr 183 193 668 kr

Interest per annum 9%

Infiation per annum 3%

Economic value of an engineer 343 501 kr 353899 kr 364 516 kr 375 452 kr 386 715 kr 308317 ke 410266 kr 422574 ke 435251 kr 448309 kr 461758 kr 475611k 489879 kr 504 576 kr 519713k 535304 kr 551363 kr 567904 kr
Engineers (2008 estimate) 305099

- share Volvo Group (2008) 5695
- share Volvo Group (2008) (%) 2%

Nominal investment per potential 11910 kr 12267 kr 12636 kr 13015k 13405 kr 13807 kr 14221k 14648 kr 15087 kr 15540 kr 16 006 kr 16 486 kr 16 981 kr 17491 kr 18 015 kr 18 556 kr 19 112 kr 19686 kr
Investment in Secondary School, 10 year delay
Full potential 46500 46500 46500 46500 46500 46500 46500 46500 46500 46500 46500 46500 46500 46500 46500 46500

realistic maximum potential 12,5% 12,5% 12,5% 12,5% 12.5% 12,5% 12,5% 12,5% 12.5% 12,5% 12,5% 12,5% 12.5% 12,5% 12,5% 12,5%
Investment per potential 12636 kr 10321 kr Okr Okr Okr Okr Okr Okr Okr Okr Okr Okr Okr Okr Okr Ok

Success rate s percentage of full potential 125% 99% 00% 00% 00% 00% 00% 00% 00% 0.0% 00% 00% 00% 00% 00% 0.0%
Success rate as percentage of maximum potential Nominal 2008 100,0% 79.3% 0.0% 00% 00% 00% 00% 00% 00% 0.0% 00% 00% 00% 0.0% 00% 0.0%
Investment per recruit 95 262 kr 101084 kr 104117 kr -k -k -k -k -k - ke -k -k -k -k -k -k -k -k
Investment per recruit (future value at effect) 225 566 kr 239303 kr 246 482 kr -k -k -k -k - ke - ke - ke - ke - ke - ke - ke - ke - ke - ke
investment in Secondary School, 7 year delay
Full potential 46500 46500 46500 46500 46500 46500 46500 46500 46500 46500 46500 46500 46500 46500 46500 46500

realistic maximum potential 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0% 15,0%
Investment per potential 12636 kr 13015 kr 13405 kr 13807 kr 14221 kr 7417 kr 7 344 kr 8317 kr 8849 kr Okr Okr Okr Okr Okr Okr 0 kr|

Success rate as percentage of full potential 15.0% 15.0% 15.0% 15.0% 15.0% 7.6% 7.3% 80% 83% 00% 00% 00% 00% 00% 00% 0.0%
Success rate as percentage of maximum potential Nominal 2008 100.0% 100,0% 100,0% 100,0% 100.0% 506% 48,7% 53,5% 553% 00% 00% 00% 00% 0.0% 00% 0.0%
Investment per recruit 79 401 kr 84237 kr 86 764 kr 89367 kr 92048 kr 94809 kr 97 654 kr 100 583 kr 103 601 kr 106 709 kr -k -k -k -k -k -k -k

per recruit (future value at effect) 145 149 kr 153 988 kr 158 608 kr 163 366 kr 168 267 kr 173 315 ke 178 514 kr 183 870 kr 189 386 kr 195 068 kr -k - ke - ke -k - ke -k - ke

Investment in Upper Secondary School, 4 year delay
Full potential 11000 11000 11000 11000 11000 11000 11000 11000 11000 11000 11000 11000 11000 11000 11000 11000)

realistic maximum potential 10.0% 100% 10,0% 100% 10.0% 100% 10,0% 100% 10.0% 100% 10.0% 10.0% 10.0% 10,0% 10,0% 10,0%
Investment per potential 12636 kr 13015 kr 13405 kr 13807 kr 14221 kr 14648 kr 15087 kr 15540 kr Okr Okr Okr Okr Okr Okr Okr Okr|

Success rate as percentage of full potential 10.0% 10,0% 10,0% 10,0% 10.0% 100% 10,0% 100% 00% 0.0% 00% 00% 00% 00% 00% 0.0%
Success rate as percentage of maximum potential Nominal 2008 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 0.0% 00% 0,0% 00% 00% 0.0% 00% 0.0%
Investment per recruit 119 102 kr 126 355 kr 130 146 kr 134 050 kr 138072 kr 142 214 kr 146 480 kr 150 875 kr 155 401 kr -k -k -k -k -k -k -k -k
Investment per recruit (future value at effect) 168 122 kr 178 361 kr 183712 kr 189223 kr 194 900 kr 200 747 ke 206 769 kr 212972k 219361 kr -k -k -k -k -k - -k -
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