












The current situation6.5.1 
In the course of our evidence gathering we learned of 
research and other activities in areas such as visualisation, 
human-systems interfaces and supply chain logistics that 
could be applied much more widely in service settings. 
We also learned of a number of university-based research 
initiatives that are uniquely service-related or which have 
dedicated services components.

Many of the examples we came across are bespoke interfaces 
between academia and services organisations, which are 
intrinsically multi-disciplinary and draw on academic input 
from various departments and, in some cases, different 
institutions. There is often a signiÞ cant leadership role and/or 
Þ nancial contribution from one or more services organisations 
(see Box 6.4).

The existence of these initiatives is a welcome sign that parts 
of the academic community are organising themselves to 
address service-related issues. Also welcome is the active 
involvement of services organisations in the development of 
research agendas and curricula and the support lent to these 
various initiatives by research funders such as the Research 
Councils. The investments that Research Councils have made 
and are intending to make in research relevant to the services 
sector (for example, via the RCUK Digital Economy 
Programme33 or ESRC’s Retail Industry Business Engagement 
Network34) are set out in their comprehensive collective 
submission to the Royal Society’s call for evidence. In these 
and other initiatives the UK has some valuable building 
blocks—the foundations of a nascent services research 
community in academia. These individual initiatives have the 
potential to contribute to a more coherent view of services 
and to the advancement of services research agendas.

But with the exception of the TSB’s Innovation Platforms and 
elements of the Research Councils’ cross-cutting themes, the 
support from funding bodies appears to be largely piecemeal. 

33 The Digital Economy Programme is an RCUK cross-research council 
programme, designed to support the transformational potential of ICT 
across business, society and government. The programme will invest £46M 
in research in 2008–09, and up to £34M in training. See: http://www.epsrc.
ac.uk/ResearchFunding/Programmes/DE/Introduction.htm

34 See: http://www.esrcsocietytoday.ac.uk/ESRCInfoCentre/research/
CapacityBuildingClusters/RetailCBC.aspx?ts=1

In our view, this support could be more effective if combined 
or strategically aligned to clearly identiÞ ed challenges. 
The scale of the ambition should match the size of the 
opportunity. Current efforts, though welcome, do not reß ect 
the comparative advantage enjoyed by the UK (in terms of 
the abundance of relevant, excellent science), the proportion 
of the workforce currently working in services or the 
economic advantages to be gained from developing world 
leading innovative services (see Section 5.1).

Greater scale and convergence 6.5.2 
is required

At present the academic services research community is 
fragmented and largely uncoordinated. Greater convergence 
and scale is required—the building of ‘critical mass’—to 
accelerate the development of service-based responses to 
many of the intractable problems faced by modern societies, 
economies and business. For example:

a) Developing low carbon energy systems.

b) Healthcare (see Box 6.5 for a speciÞ c example about the 
development of a one hundred year health record).

c) The stability of interdependent Þ nancial systems 
(see Chapter 3).

We believe that it is necessary to:

Establish UK and international research communities in • 
services innovation (a stronger UK research community 
is probably a necessary precursor);

Develop collaborative international research agendas in • 
services-related Þ elds;

Ensure that opportunities to exploit STEM in services are • 
properly recognised;

Align research and market opportunities;• 

Ensure parity of esteem between services-related research • 
and academic research in other areas;

Develop multi-disciplinary capabilities.• 

We set out below an approach to help achieve these aims. 
The success of these measures will also depend on the 
development of appropriate skills (see Section 6.6) and 
improved engagement between services and the academic 
community (see Section 6.7 for more detailed comments on 
knowledge exchange).

Grand Challenges in services6.5.3 
Here, we outline a structured approach to the development 
of research agendas based on a ‘Grand Challenge’ model. 
We believe this kind of approach would provide the 
necessary stimulus and framework for large-scale research 
efforts and at the same time attract the talent and ideas 
needed to underpin growing research communities. Over 
time, we would expect that the establishment of high-proÞ le 
research priorities in the form of a series of Grand Challenge 
programmes (similar to some existing TSB Innovation 
Platforms and cross-cutting Research Council themes) would 
contribute to increased esteem for services-related research 
more widely (see Section 6.4).

Box 6.4 The MAN Group and Oxford University
In September 2007 the Oxford-Man Institute of 
Quantitative Finance was established as an 
interdisciplinary research centre in the University of 
Oxford. Man Group is a global provider of alternative 
investment products for private and institutional investors. 
It provided three forms of support; a grant of £10.5m to 
cover the Þ rst Þ ve years’ core costs, £3.3m to permanently 
endow a chair and (perhaps most importantly) the Man 
Group’s own research laboratory co-located with the 
Institute to provide practitioner insights. Some 70% of the 
Institute’s faculty and research students are members of 
the Mathematical, Physical and Life Sciences Division of 
the University—ie STEM inputs are central to the new 
Institute’s ability to produce new insights and innovation. 
The Institute conducts curiosity-driven research and 
approximately one third of the research laboratory 
members regularly publish articles in academic journals.
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The example of the development of a one hundred year health 
record (see Box 6.5) shows how the identifi cation of a specifi c 
challenge could stimulate the alignment of technologies, 
technical competences and disparate research agendas.

Grand Challenges have the advantage of concentrating 
funding on intractable but real problems and attracting parallel 
investments from other public and private sources—which 
will be a necessary pre-condition for the development of a 
coherent services research community in the UK.

The suggested approach is not dissimilar to the aspirational, 
challenge-based model used by the United States Defense 
Advanced Research Projects Agency (and to a lesser extent 
within the UK’s Ministry of Defence). In both cases, these 
mechanisms are closely linked to public procurement and 
fi nancial support for demonstrator projects to help accelerate 
the identifi cation and development of solutions. As has been 
well documented elsewhere (CBI/QinetiQ 2006; Georghiou 
2007; HM Treasury 2007), such strategic procurement is a 
powerful tool that could be used to establish routes to market 
for innovative products and services.

The UK Research Councils and the Technology Strategy Board 
(TSB) already administer large-scale, challenge-oriented 
programmes (see Box 6.6), several of which have explicit 
service-related elements to them. There are advantages in 
using these existing models as frameworks for the 
identifi cation and establishment of further service-related 
Grand Challenges. However, concerns have been raised about 
the modest extent to which service organisations have 

engaged in the formulation of the existing themes and 
their subsequent operation. In addition, TSB initiatives are 
not widely known by or participated in by services fi rms 
(see Section 6.7). We bear this in mind in developing our 
recommendations below.

We believe that these established models may represent a 
suitable framework for the development of service-related 
Grand Challenges and we recommend two courses of action 
that should be pursued in parallel.

Recommendation 15
Research Councils and the TSB should expand their portfolios 
to encompass new service-related Challenges. In doing so 

Box 6.5 Developing Grand Challenges—the ‘one 
hundred year health record’
Grand Challenges could be formulated on the basis of a 
question, for example ‘what would it take to do develop a 
one hundred year health record?’ Posing the question 
entails the specifi cation of some conditions: for example, 
the record must be accessible worldwide, must be 
applicable in different health systems and be ‘smart’ 
enough to span a patient’s lifetime while avoiding 
technological obsolescence.

In this case, the solution is only partly technological. It 
would entail the development of a functioning framework 
comprising new interoperable standards and protocols to 
enable the record to be accessed and utilised anywhere in 
the world.

Amongst other challenges, this would require at least 
multi-level security (for various classes of readers); data 
storage standards and media; medical semantics for 
interpreting data; provenance and personal identity 
services to check who is allowed to access and modify 
records; language translation; integrity services to 
guarantee a high level of accuracy; reliability and 
replication services to guarantee availability; imaging 
interchange standards for X-rays, ultrasounds, MRI scans, 
PET scans, etc.; pathology lab standards and semantics; 
and drug standards and semantics.

Similarly, it would require the alignment of legal and 
regulatory frameworks, not to mention the alignment 
of incentives for different research communities and 
suppliers.

Box 6.6 Existing challenge-orientated research 
programmes
(a) Technology Strategy Board Innovation Platforms
The TSB Innovation Platforms, initiated in 2005, draw 
together business, government and research perspectives 
and resources to generate innovative solutions to 
challenges facing the UK. They aim to accelerate the 
speed of technology development in key areas, from 
fundamental research through to exploitation and create 
potential export markets for UK business. Six specifi c 
areas have been targeted by the TSB:

Intelligent transport systems and services;• 

Low impact buildings;• 

Assisted living;• 

Network security;• 

Low carbon vehicles;• 

Detection and identifi cation of infectious agents.• 

Each of the Innovation Platforms are at different stages of 
development, with the network security and low carbon 
vehicles platforms being at a more advanced stage than 
the others. Research in each of these areas is expected to 
mature over time at an accelerating rate, as knowledge is 
built up and technologies refi ned. These platforms are 
delivered in association with the Research Councils, 
Regional Development Agencies and others in a number 
of ways including roadmapping and prioritisation, 
networks and fl exible funding models.

(b) RCUK Cross Council Themes
These are designed to address the major research 
challenges over the next 10 to 20 years using novel, 
multi-disciplinary approaches across the different 
research councils. Six priority areas have been identifi ed, 
which are:

Energy;• 

Living with environmental change;• 

Global uncertainties; security for all in a changing • 
world;

Ageing: lifelong health and well being;• 

Digital economy;• 

Nanoscience through engineering to application.• 

56  I  July 2009  I  Hidden Wealth The Royal Society



they should examine whether new approaches (other than 
cross-Council themes and Innovation Platforms) are more 
appropriate to meet these challenges and, if so, develop 
options for alternative approaches.

Recommendation 16
The Research Councils and the TSB should evaluate existing 
programmes to ascertain whether they adequately address 
opportunities in services, whether existing programmes could 
be enhanced by additional service-related elements, and 
whether they are benefi tting from suffi cient input and 
engagement from service organisations. Similarly, the 
Research Councils and TSB should ensure that future 
programmes adequately support emerging service industries 
and consider the role that service-based responses will play 
in meeting major economic and social challenges. This is 
particularly important given the apparent decline in services 
organisations collaborating with the public research base 
and an increased perception of barriers to collaboration 
(see Section 2.5).

To initiate the identifi cation of new Grand Challenges and 
research agendas the TSB and the Research Councils should 
commission a series of workshops to bring together leading 
international researchers from disparate, relevant fi elds and 
key research users and service developers. The objective 
should be to identify common pre-competitive issues and to 
develop technology and service roadmaps that might form 
the bases of large-scale research agendas. The Royal Society 
would be pleased to work with the TSB and Research 
Councils to take forward this recommendation. These steps 
should enable service developers, service users, research 
communities and research funders to combine to create an 
ecosystem of service-related research and other outputs 
that are currently a long way from the market (for example, 
diagnostic tools and analytic model building capabilities in 
areas such as epidemiological modelling of the spread of 
infections and the development of response scenarios).

The active collaboration of the key parties will also be vital to 
identify emerging problems which could inhibit or slow down 
the development of innovative services—issues such as the 
impact of data integrity, data security and human trust in 
services and the machinery of systems (the infrastructure 
itself). The latter was explored with specifi c reference to the 
impact of ICT on healthcare in a previous Royal Society study 
(Royal Society 2006b).

To succeed, service-related Grand Challenges will also 
require—and thereby provide a stimulus for—the development 
and close alignment of numerous cross-cutting theoretical 
and intellectual competences in areas such as:

Analysing, quantifying and managing risk;• 

Managing uncertainty in modelling and simulation;• 

Grid computing;• 

Quantitative data analysis, data security, standardisation • 
or validation of data sets (eg where fi rms are meshing 
together data sets from different sources);

Service design (see Box 4.3);• 

Queuing theories;• 

Dynamics in human-systems interaction.• 

Recommendation 17
It is essential that Grand Challenges include provision to 
develop and align these or similar competences. To do so 
would add value across the range of Grand Challenges by 
sharing knowledge and expertise and reducing costs. Options 
would include the physical co-location of resources and 
expertise in centres of excellence or the establishment of 
virtual centres or networks (perhaps using the Knowledge 
Transfer Network model).

Align research and market opportunities6.5.4 
STEM has spawned entirely new global services (eg Google, 
Amazon) and is a crucial enabler of many others. As 
discussed in Chapter 5, service industries and supply chains 
in areas such as healthcare, education, environmental 
sustainability, energy, construction, transport and logistics are 
developing on an increasingly international scale, and markets 
themselves are increasingly globalised. As such, they 
represent signifi cant market opportunities for innovative 
UK fi rms operating in these areas but also threats given 
the reduced entry price to many markets which STEM has 
enabled. This combination of opportunity and threat should 
be recognised in research priorities, public policy, education 
and training programmes.

The TSB’s Innovation Platforms and the Research Councils’ 
cross-cutting themes have been, to varying degrees, business-
facing. It is essential that any Grand Challenges in services 
areas have similar regard to market opportunities and application. 
If correctly conceived and orchestrated, Grand Challenges 
such as the ‘one hundred year health record’, outlined in 
Box 6.5, could help to accelerate business entry into new 
and emerging markets. This brings to the fore the need for 
active engagement by services in these and other knowledge 
exchange activities (discussed in more detail at Section 6.7).

At the strategic level this requires the intimate involvement 
of service organisations in setting the overall direction and 
themes of challenge programmes and in identifying specifi c 
research and education priorities. At the operational level this 
means that service Grand Challenge programmes should be 
inherently collaborative, fi nancially attractive and must be 
easily accessible to fi rms. Indeed, the programmes should, 
where appropriate, be demand-led. In terms of outputs, 
Grand Challenge programmes should be focused on 
developing tools and suites of solutions for industry as well as 
on graduate or postgraduate training and collaborative 
research programmes.

Problem-solving is clearly important to many services, but we 
have also observed that services are becoming more strategic 
in their innovation activities as competitive advantages are 
sought over longer timescales. Innovation models are 
diversifying to encompass problem-solving (tactical innovation) 
and longer-term considerations (strategic innovation)—for 
example with regard to issues of environmental sustainability 
or whole life cycle approaches to services (eg Rolls-Royce, 
Section 1.3.1). In other sectors too, service fi rms are engaged 
in fundamental research. For example, the Oxford Man 
Institute (see Box 6.4) strives to be ‘academically outstanding, 
developing into the leading centre in our fi eld’. To this end, 
the Institute conducts curiosity driven research for the public 
domain and Man Group has co-located its corporate research 
laboratory with the Institute. By contrast, a leading provider 
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of advice to the insurance industry argued that there is 
‘a negligible amount of research in academia’ in their specifi c 
fi eld of interest or expertise, necessitating the conduct of 
in-house research by a team of more than fi fty doctorate-level 
scientists (although other organisations in the insurance 
industry do make extensive use of relevant academic research). 
It is important, then, that the research components of Grand 
Challenge programmes retain the scope to address fundamental 
research of importance to services and that their existence and 
programmes are made very well known to the target audiences.

Develop a truly multi-disciplinary 6.6 
capability

Summary
Services organisations place a high value on STEM-• 
trained employees but employers identifi ed problems 
with workforce skills, highlighting particular diffi culties 
in fi nding employees with good ‘multi-disciplinary’ 
skills—which are essential in most modern service 
organisations. There was also some dissatisfaction 
with university leavers’ ‘soft skills’, such as team-
working and communication;

Three distinct skill sets are valued by employers: ‘deep • 
disciplinary’ knowledge of a particular STEM discipline 
and associated analytical skills (‘I-shaped’ people); 
an overview of a range of subjects, without deep 
expertise in any particular one (‘jacks of all trades’ or 
‘hyphen-shaped’ people); and deep knowledge of one 
discipline, combined with some knowledge of other 
subjects (STEM and non-STEM), as well as associated 
professional skills and tools such as ICT, business 
awareness, and analytical skills (‘T-shaped’ people);

The evidence we received suggests that universities • 
are generally doing a good job at producing I-shaped 
graduates. Courses such as service science, 
management and engineering (SSME) are developing 
which will produce hyphen-shaped graduates. 
But there is little current capability for training 
T-shaped people (with the exception of a small 
number of postgraduate programmes);

Anticipated developments in services and the • 
importance attached to T-shaped people by the many 
organisations responding to our inquiry means it is 
essential that Higher Education Institutions give this 
serious consideration. We make a number of 
recommendations as to how this could be taken 
forward, and how existing training could be improved 
to recognise better the skills required in the likely 
working environments of most STEM graduates.

Skills for innovation6.6.1 
Rapidly changing markets, the adoption and diffusion of new 
technologies and practices and the pressure of competition 
place ever-increasing demands on businesses, including 
rapidly changing skills requirements. Evidence shows 
that fi rms depend primarily on workforce skills to gain a 
competitive advantage and improve business performance—
the CBI has said ‘our surveys show that employers value 

workforce and management skills as being the most 
important factors in gaining competitive advantage’ 
(CBI 2005). Many innovative services rely on the regular 
intake of good quality STEM graduates to refresh their 
innovation capabilities (see, for example, Box 6.7).

Accepting that the primary role of universities is to educate 
and not simply to equip students with skills for employment, 
there is still an important role for universities to play in 
meeting skills challenges, particularly as eighty-two percent 
of core STEM fi rst degree graduates going into full-time 
employment in 2006/07 entered services organisations 
(see Section 2.3).   

Our evidence showed that universities also have a role to play 
in the development of workforce STEM skills and that some 
major employers understand that situation. For example, BT 
established the BT Centre for Major Projects Management 
at Oxford University’s Saïd Business School specifi cally to 
“address the shortage of suitably qualifi ed and experienced 
personnel in the area of programme management”. Moreover, 
BT is helping to promote a new MSc in Major Project 

35 http://www.google.com/intl/en/corporate/execs.html

Box 6.7 Google
Google is the apotheosis of how innovation in STEM can 
transform a few people into a world-leading services 
company. Google evolved from a research project by 
Larry Page, a PhD student in the Computer Science 
department at Stanford University. Page’s dissertation 
explored the mathematical properties of the web, treating 
its link structure as a huge graph and the number and 
nature of links to a particular page as an indicator of its 
importance. From this, Page and Sergey Brin (another 
Stanford PhD student who joined the project later on) 
evolved a page ranking algorithm and a search engine 
based on the rankings, forming a company based on the 
technology in 1998 in a garage in Silicon Valley. From 
these small beginnings, the company has since grown to 
over 10,000 employees worldwide.35

While Google originated in California and has its 
headquarters there, it employs over 600 staff in the UK, 
including over 100 software engineers who develop a 
range of products, including next-generation mobile 
applications, information-retrieval algorithms, large-scale 
cluster computing, systems software and several 
innovative search products. It is very clear that STEM 
skills—exemplifi ed by those of the two founders and the 
CEO—are central to Google’s innovation and the services 
they now provide to hundreds of millions of customers. 
In addition to the software engineers, many analysis and 
sales staff have a mathematical or other quantitative 
background. Thus STEM expertise is critically important 
to Google. In its evidence to this inquiry it stated:

‘The main challenge is to ensure that there is a good 
supply of people with STEM skill sets as they are key to 
the development of the fi rm. STEM expertise is endemic 
within Google and while the fi rm can never be sure where 
the next innovation or product is going to come from, it 
needs a good supply of university graduates with new 
ideas and concepts.’
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Management throughout their value chain, ie to suppliers, 
collaborators, clients etc. In this instance, BT is using a 
university partner to help develop an ‘ecosystem’ approach 
to the development of STEM knowledge and skills throughout 
the value chain. Several other universities and research 
centres told us that they are providing continuing professional 
development or workplace learning to service employers. In 
at least one case, the research centre is providing a modular 
course which leads to professional certifi cation.

The continuing development of workforce STEM skills is likely 
to grow in importance as demographic changes over the next 
decade will mean a decrease in the number of 18 and 19 
year-old home students entering UK universities (UUK 2008). 
Unless they recruit from overseas, fi rms will be less able to 
rely on graduate and post-graduate recruitment to refresh 
their STEM capabilities and will increasingly need to up-skill 
and retrain the incumbent workforce.

STEM skills and service innovation6.6.2 
A 2006 Royal Society report into the supply of and demand 
for STEM skills (Royal Society 2006a) observed that recruiters 
of STEM graduates have traditionally looked for technical 
knowledge and intellectual capability in those that they 
employ, but that there has been an increased emphasis in 
recent years on combining subject expertise with good 
interpersonal skills, practical employment experience and 
commercial understanding.

Our current study bears out this observation in relation to 
many service sector employers. The application of deep 
disciplinary knowledge (for example, environmental science, 
geology, medicine, chemistry, meteorology etc) remains 
important, especially to providers of specialist technical 
expertise and services, eg risk intermediaries providing 
services to insurers, or engineering design specialists 
(see Box 6.8 for an example from Arup).

Box 6.8 Arup
Arup is a British-based engineering services company with 10,000 employees world-wide, about 6,500 of them being based 
in the UK. The company is chiefl y concerned with the engineering design of buildings and structures.

Architects and clients push building innovation in seeking iconic buildings which often extend the use of materials in novel 
ways and/or which demand step-changes in sustainability. The role of design engineers is to meet these requirements safely, 
effi ciently and effectively. To achieve this, Arup has extended a scientifi c approach to construction design and monitoring 
called the ‘observational method’. Using this approach designers build on existing standards and design codes and previous 
monitoring results by using incremental improvements and observing outcomes as they occur. If the monitoring data are 
consistent with predictions then work continues. If the monitoring data is outside the design predictions then predefi ned 
contingency plans are triggered.

The science of design involves three-dimensional modelling, and the inputs to this include geology, hydrogeology and geophysics, 
with Finite Element Analysis being widely used, for example to anticipate how sub-structures and soil conditions interact.

Half of all Arup staff have STEM qualifi cations, with a quarter having MSc or PhD degrees; several CASE and EngD 
studentships are supported at any one time. Company profi ts are reinvested in the form of bonuses to staff and in buying 
time to complete pure research. Arup has moved progressively from devising their own software to using commercial tools; 
the cost of development of these is spread over many more users.

The National Stadium, Beijing, used initially for the 2008 Olympic Games. Reproduced by courtesy of Arup.
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Also deemed important are well-honed problem solving skills 
and the ability to undertake rigorous logical analysis (a skill 
gained from exposure to and familiarity with the deductive 
process).

But for many fi rms, the main contribution of STEM is the 
deployment of generic skills in numerate analysis, mathematical 
and computer modelling, database design and management 
and data mining etc (see Section 2.3). This is particularly the 
case for fi rms engaged in process or service improvement, 
where the innovation process may be incremental and 
therefore not very visible (for example in improvements to 
existing computer software). Similar observations were made 
in our report ‘A Degree of Concern’ (Royal Society 2006a) 
which showed that STEM graduates who elect to pursue 
non-STEM careers often benefi t from the high level of 
analytical, mathematical and modelling skills that they 
gained on such courses.

Areas of concern6.6.3 
There is some dissatisfaction with the quality and quantity 
of STEM skills available to employers in services (see 
Section 2.3). In some cases the concerns are about the lack 
of ‘soft skills’ such as ability to work effectively in teams 
and presentation skills. These concerns are not restricted 
to services employers, nor do they apply only to STEM 
graduates and can be addressed in standard undergraduate 
courses or career development.

Of greater concern were numerous reports of shortages of 
specialists in certain disciplines (eg engineering) or absences 
of graduate courses in areas such as market analytics. In 
some cases this is leading fi rms to recruit graduates educated 
overseas. This has been commonplace in highly globalised 
services like fi nancial services, but is now extending to other 
employers.

However, we have been most struck by the importance 
attached to multi-disciplinary skills and, in particular, by the 
strength of criticisms from business (but also academia) 
of silo thinking and activity in UK universities. A virtually 
unanimous set of comments from the business community 
was that they valued high quality domain-specifi c skills 
possessed by graduates of UK universities but were often 
disappointed in the so-called ‘complementary skills’ they 
possessed.

In their evidence to us, the Research Councils’ reported 
hearing the same message from service sector employers—
that ‘T-shaped people’ are in short supply (ie people who 
have deep domain knowledge and understanding but also 
have a breadth of skills and knowledge outside this domain). 
We consider below what ‘T-shaped people’ mean in the 
context of the service sector.

One current example is provided by dunnhumby (see Box 2.5 
on page 17). The fi rm employs 850 staff, some 150 of whom 
are graduate analysts working with the SAS statistics package, 
and a few are PhD statisticians. The company needs not only 
profi ciency in maths and statistics, but also an interest in 
understanding people’s behaviour, an ability to communicate 
well and business acumen. They have found it essential to 
have staff who look for insights, rather than simple statistical 
summaries. dunnhumby draw their staff from various 
countries, especially from universities with courses in 

marketing analytics (in which the company considers the UK 
to be weak).

It is clear from our discussions with academics and business 
people that integration of knowledge and skills across STEM 
subjects and with other disciplines poses problems within 
academia. It is widely recognised that UK universities are not, 
on the whole, organised to provide an effective multi-
disciplinary capability.

The UK was claimed to have no equivalents to the MIT 
Media Labs, Stanford MediaX, the Brookings Institute or 
the German Fraunhofer Institutes. Notwithstanding the 
welcome development of new multi-disciplinary entities like 
the Hartree Centre, the University of Warwick’s International 
Digital Lab and various major research programmes with 
participation by several Research Councils and researchers 
from many disciplines (see Section 6.5), we very take seriously 
the claim that the UK is lagging behind its international 
competitors in this regard. In the Royal Society report on 
postgraduate training and research we highlighted the need 
for diversity and fl exibility of approach to education to match 
the increasing complexity of the workplace (Royal Society 
2008a). We also note the increasing global competition for 
the best students and the major investments that other 
countries have made in their HE systems. The review of the 
skills required by the services sectors (see Recommendation 
18) should include a consideration of the provision of multi-
disciplinary research centres and any lessons that can be 
learned from the approaches taken to HE overseas.

In conclusion, there is a clear requirement for a genuinely 
new approach to multi-disciplinary education which is more 
focused on the characteristics of services and service systems. 
This need is only going to grow in future (see Chapter 5). 
There is, as yet, no consensus about the set(s) of skills 
required, hence our recommendation of a review of the 
needs of employers below (see Recommendation 18) and an 
expectation that several different responses will be appropriate.

Developing a response6.6.4 
In ‘A Higher Degree of Concern’ (Royal Society 2008a) the 
Royal Society highlighted the importance of employer 
involvement in education, to help ensure that graduates 
possess the skills and attributes that are required in the 
working environment. To this end, the Society called for 
increases in collaborative approaches to teaching and learning 
to ensure that businesses and other employers are engaged 
in curriculum development, course design and delivery. 

Given the diversity of the services sector and rapid 
developments in it, we take it as axiomatic that the HE sector 
embraces a diversity of approaches to meeting skills needs 
for innovation in services—and that these are balanced with 
the other demands on the sector.

Some fi rms, like academia, still operate in silo-based 
approaches with teams from different disciplines working 
separately under the same programme umbrella. For these 
fi rms, traditional domain-specifi c specialists may continue to 
be appropriate—albeit with appropriate training in ‘soft skills’.

Some employers do require graduates with an overview of a 
range of different subjects. In this context, we welcome the 
introduction of new courses such as Service Science, 
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Manufacturing and Engineering (SSME), while noting from 
previous attempts in other disciplines the likely diffi culties 
that may arise (see Section 6.6.6).

Perhaps more diffi cult is how to address the lack of T-shaped 
people. It should be stressed that the concept of the ‘T-shaped 
person’ refers not simply to the equipping of STEM graduates 
with ‘soft skills’—it requires the incorporation of domain 
knowledge and attributes from other disciplines and some 
‘professional skills and tools’ such as IT competence, business 
awareness and generic analytical skills. It therefore requires a 
different response. We believe it is inevitable that the demand 
for these types of graduates will increase in the future.

Clearly, there is no single set of multi-disciplinary skills that 
will serve the full range of service innovators. However, 
developments in services models and innovation practices 
(see Chapter 5) do provide some indications about the types 
of knowledge and the mix of skills that will be needed to 
understand and create value from service systems in the 
future.

As services become ever more personalised and 
interconnected (see Chapter 5), the resulting systems 
will become increasingly complex, unpredictable and non-
deterministic. Designing and implementing innovations within 
such systems will require people (or teams of people) who 
combine certain aspects of STEM expertise with other types 
of skills and knowledge gained from disciplines such as 
economics, history, geography, management or law. Of 
particular importance will be the ability to take account of the 
‘human dimensions’ in complex systems (see Chapter 3), 
eg people who have the mathematical skills and competence 
with sophisticated tools to model complex systems involving 
millions of users but who also have some knowledge of social 
sciences and human behaviour in different cultures.

Given the pervasive nature of ICT, now and in the future, and 
the clear need for excellent analytical and problem solving 
skills and abilities (both in the service sector and elsewhere), 
these must be core components of all undergraduate courses.

How might this be delivered?6.6.5 
As outlined above, we expect the skills needs of the service 
sectors to be delivered in a diversity of ways.

The proposed Grand Challenges (see Section 6.5) can make 
an important contribution by stimulating the establishment 
of research agendas, prompting the formation of research 
teams and identifying cross-cutting topics such as dynamics 
in human-systems interaction. These are very likely to be 
research-led, with any training almost certainly focused at the 
PhD and masters levels. However, we would expect that the 
resultant research would inform the teaching agenda and 
thereby stimulate and inform undergraduate STEM courses.

We welcome the development of services-oriented STEM 
courses at postgraduate level, such as the MSc in Financial 
Computing at University College, London and the MSc in 
Service Design, Management and Innovation (starting in 
September 2009) at Manchester Business School’s new Centre 
for Service Research. There are already several such examples 
which successfully combine disciplines (STEM and non-STEM 
alike) or which attract graduates from diverse academic 
backgrounds. In many cases these courses have been designed 
with a high degree of employer involvement. Similarly, we note 

that some professional doctorates such as the Engineering 
Doctorate (EngD) are well regarded in this sense.

Similarly, PhDs conducted as CASE awards with service 
fi rms (see knowledge exchange in Section 6.7) or linked 
to the Grand Challenges can also provide postgraduate 
employees with the multi-disciplinary background favoured 
by employers.

However, it is doubtful that the various demands of service 
employers for new interdisciplinary skills will be met by 
post-graduate programmes alone as the numbers of people 
passing through these courses will remain very small.

We strongly support the continuation of core-STEM degrees 
at undergraduate level. The deep STEM knowledge gained 
from traditional three-year undergraduate degrees will 
continue to be valued by a wide variety of employers, from 
services and other sectors. However, we must explore 
options for modifi cations to the way that traditional STEM 
undergraduate degrees are taught, for example including 
some modules from outside the core discipline (eg 
economics, quantitative social sciences, database and search 
technologies). A 3rd or 4th year multi-disciplinary programme 
could offer the chance to motivate, excite and initiate interest 
in related topics, which characterises multi-disciplinary 
T- shaped graduates. A possible move towards 4-year 
courses, stimulated by the Bologna process (but constrained 
by cost to students and government alike), would facilitate 
the development of multi-disciplinary elements to traditional 
STEM courses.

Some interim steps to make STEM disciplines more relevant 
can be taken now by STEM degree providers. For example the 
use of case studies or speakers from the service sector can 
provide a wider context for the techniques or knowledge being 
taught. Work placements or fi nal year projects undertaken 
jointly with service sector fi rms can be particularly effective. 
As highlighted above, the Grand Challenge programmes and 
related initiatives could serve to expose STEM graduates to 
the challenges and opportunities of innovation in the service 
sectors. While we recognise the logistical diffi culties, 
partnerships between STEM and non-STEM departments 
to make introductory lectures available to each other’s 
undergraduates could also be benefi cial.

A systems-based approach to 6.6.6 
understanding services

One solution may lie in the wider adoption of systems-based 
approaches to understanding services. A more systematic 
approach to studying services should result in better design, 
management and understanding of services and, at the 
same time, provide a suitable context in which to integrate 
disciplines such as social sciences, management science, 
economics and STEM. These sorts of educational 
programmes may particularly benefi t fi rms who do not 
require graduates with deep knowledge in one of the 
existing disciplines.

However, we note that when this has been attempted in the 
past, as with systems science and complexity theory—both 
of which have existed for several decades and have been 
widely applied in scientifi c, engineering and social science 
contexts—the tendency has been for people to organise 
themselves into disciplinary silos, with the result that the 
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desired new interdisciplinary approaches have struggled to 
impose themselves.

The emerging Service Science, Manufacturing and 
Engineering (SSME) or ‘Service Science’ concept is also 
intended to join up a broad range of disciplines, but is 
specifi cally concerned with ensuring that graduates are better 
equipped for the workplace. Service Science may ultimately 
help the development of multi-disciplinary capabilities but 
in this regard SSME programmes seem to have been slow 
to emerge and only partially successful to date.

A more profi table approach to redesigning academic curricula 
and delivery (at least as far as services are concerned) may be 
to focus in on service design, which seeks to understand the 
delivery of services from a user perspective and to develop 
better solutions (see Box 4.3 on page 40).Developments 
such as the Masters course in Service Design, Management 
and Innovation offered by the University of Manchester 
Centre for Service Research might provide good models for 
new courses, and should be closely monitored by degree 
providers and Funding Councils.

Conclusions6.6.7 
Services are intrinsically multi-disciplinary, requiring the 
integration of many different skills (STEM and non-STEM 
alike). Indeed, innovation is often spurred by the coming 
together of individuals and knowledge at the margins and 
intersections of disciplines and skill sets.

There is a clear requirement for a new approach to multi-
disciplinary education which is more focused on the 
characteristics of services and service systems and that 
the need is only going to grow in future (see Chapter 5).

We envisage that the vast majority of undergraduate STEM 
courses will remain domain-specifi c and that these graduates 
will remain attractive to employers in services for their 
potential contributions to the innovation process. However 
we believe it is necessary to ensure that steps are taken 
to make education and training more appropriate to the 
needs of the service environments where the large majority 
of STEM graduates fi nd employment. This is important to 
maintaining the competitiveness of UK HE sector.

However, we caution against an approach which reduces the 
issue to a prescribed list of skills as there is no specifi c or 
unchanging skill set for innovation—in services or 
manufacturing. In short, services (like other sectors) need a 
mixture of STEM skills—people with good core disciplinary 
skills and knowledge but also those with multi-disciplinary 
expertise and fl exible and enquiring mind.

We therefore emphasise the importance of diversity in skills and 
knowledge but stress that core scientifi c competences remain 
important in many innovation environments, and therefore 
encourage continued support for core STEM degrees.

The lessons of the past are that the creation of a single new 
subject or discipline is unlikely to be the only answer. Rather, 
it seems necessary to nurture a range of approaches which 
draw together key components from different disciplines and 
which utilise various means to cross-fertilise knowledge and 
skills—secondments, work placements and other forms of 
knowledge exchange and the confi guration of genuinely 
interdisciplinary research teams, for example.

More structured and detailed engagement with employers is 
required to determine the exact nature of the problems and 
the actions which might best resolve them. We believe that 
this would be an appropriate time to undertake a large-scale 
systematic exploration of STEM skills needs in key sectors led 
by relevant Sector Skills Councils and overseen by the UK 
Commission for Employment and Skills (UKCES). This would 
build on a more general recommendation by NESTA for the 
UKCES to analyse the extent and quality of ‘innovation-ready’ 
skills in the UK (NESTA 2008b).

Recommendation 18
We recommend that UKCES, in consultation with key 
stakeholders including service sector employers and 
professional and statutory bodies should identify any 
overarching concerns and unmet needs and address their 
observations to the Higher Education Funding Councils, 
Research Councils, Technology Strategy Board and HE 
providers. Based on the results of these explorations these 
bodies should support the modifi cation of existing STEM 
courses, the development of new academic courses and 
post-graduate training modules.

In the meantime, until the results of this review are known, 
we believe universities and services sector fi rms could take 
some actions to improve the situation.

Recommendation 19
Given that 82% of STEM graduates go into the service 
sectors, we recommend that providers of STEM courses 
take immediate steps to ensure that their graduates are 
better equipped to deal with the challenges they will face. 
Specifi cally, they should:

Ensure that ICT and analytical skills remain core to STEM • 
courses;

Use case studies and speakers from the services sectors • 
to illustrate the context in which graduates may use their 
degree;

Enable STEM graduates to take relevant modules and • 
lectures from other STEM and non-STEM disciplines.

Recommendation 20
In order to improve the training of STEM graduates, we 
recommend that more service sector fi rms should:

Provide work placements for undergraduates;• 

Seek opportunities to engage with STEM course • 
providers, both undergraduate and postgraduate, to 
inform the development of curricula and to explore their 
participation in courses.

Increase the scale of knowledge exchange6.7 

Summary
The ‘outward-looking’ approach that services • 
organisations take to innovation presents signifi cant 
opportunities for engagement with the STEM supply 
chain. Yet services organisations appear to be poorly 
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The tendency of services to be more ‘outward-looking’ than 
manufacturing fi rms in their approaches to innovation (see 
Box 1.3 and Section 1.3) presents signifi cant opportunities 
for the key actors in the STEM supply chain to engage in 
knowledge exchange (KE) activities with services. Knowledge 
exchange instruments based on collaboration, networking 
and placements allow the circulation of talented individuals 
between communities, expose organisations to new ways of 
thinking and working and enable the constant refreshment of 
knowledge and ideas.

Although there are some well established KE mechanisms 
in operation between the research and business communities, 
relatively few such mechanisms operate specifi cally in 
the space between the research base and the services 
sectors—including public services.36 This is unsurprising 
given the lack of appreciation of STEM contributions to 
services identifi ed earlier (see Section 6.3).

We believe that an exercise promoting higher levels of 
knowledge exchange between the research base and services 
organisations would be benefi cial. The success of these 
measures will depend in part on parallel efforts to build 
esteem for service-related work in academia and changes to 
ensure that incentives for collaboration are pitched at the right 
level (see Section 6.4.1).

The wider adoption of ‘open’ innovation approaches means 
that opportunities to collaborate are only likely to increase. 
But, even with the measures outlined here, HEIs will only 
capitalise if they can develop a better understanding of service 

36 We have noted and will watch with interest one particular example—
ESRC’s public sector Placement Fellowship Scheme which encourages 
and supports social science researchers to spend time within government 
departments and public sector agencies.

innovation models and use this knowledge to make more 
informed choices about their knowledge exchange strategies.

The current situation6.7.1 
Policy messages from the Department for Business, 
Innovation and Skills, the Research Councils and HM Treasury 
about engaging user communities and creating ‘economic 
impact’ appear to be having an effect on the UK HE sector—
the HEIs which responded to our call for evidence were eager 
to demonstrate that they are engaging employers, forging 
new relationships, operating in new ways and, in doing so, 
supporting innovation. The large number of written 
submissions received from universities is indicative of the 
importance that respondents attach to demonstrating that 
they are actively engaging service organisations (and 
business more generally).

However, the balance of evidence received during our 
study has led us to conclude that service companies are, 
on the whole, not well connected or networked with the 
academic STEM community. We do not necessarily view 
this as a problem—universities and academics should 
not be expected to play a leading role in services innovation. 
Nevertheless, there are compelling reasons to believe 
that both parties would benefi t from higher levels of 
engagement.

Indeed, various organisations made clear to us their desire for 
closer working relationships and better knowledge exchange 
and many others demonstrated the benefi ts that fl ow from 
such collaborations. For example, a law and order agency told 
us that they would benefi t from greater access to the sorts of 
technical skills and knowledge in data mining, modelling and 
profi ling that have helped Tesco to better understand their 
customers. One major investment bank told us that there are 
projects and problems which are common to the sector, but 
which require extensive collaboration between competitors 
and external experts (for example, the creation of defi ned 
standards for models of derivatives.)

More fundamentally, we believe that graduate education and 
training and academic research would benefi t from greater 
exposure to the ideas, expertise, people and cutting-edge 
research which exist in business.

KE mechanisms can link service organisations 6.7.2 
to external STEM capabilities

As shown earlier (see Section 6.4), most innovative services 
organisations have few or no direct links with the publicly 
funded research base. For some fi rms, however, KE 
mechanisms play an important role in linking service 
organisations to external STEM capabilities. We encountered 
several examples that illustrate the impacts of government 
support for business-university collaboration in services, 
most notably Knowledge Transfer Partnerships (KTPs) and 
the Higher Education Innovation Fund (HEIF). CASE 
studentships37 and other forms of placement were also 
cited as useful mechanisms in some submissions.

37 Collaborative Awards in Science and Engineering; these are doctoral 
training grants for graduates to undertake research on a subject selected 
and supervised jointly by academic and industrial partners.

connected with the research base, and there is little 
awareness within services of formal knowledge 
exchange mechanisms. Links with the research base, 
so far as they exist, are often informal, frequently via 
alumni;

Services organisations and the research base would • 
benefi t from higher levels of knowledge exchange, 
and both parties expressed an interest in closer 
working relationships;

The approach to knowledge exchange taken by some • 
universities fails to take into account the nature of 
services innovation or services business models. 
Some services fi nd that these approaches impede 
rather than promote knowledge exchange;

While informal links can often be benefi cial, there • 
would be advantages to exploring mechanisms to 
support the exchange of senior staff between 
academia and business;

We make recommendations for ways to increase • 
awareness of formal knowledge exchange 
mechanisms in the services sectors, and urge 
university Knowledge Exchange Offi ces to adapt their 
activities to better suit services business models and 
innovation practices.
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Many ‘type 1’ organisations38 participate in STEM-based 
networks and collaborations and are well equipped to identify 
and utilise relevant STEM expertise from the research base 
and other sources. By contrast, the evidence suggests that in 
service sectors where STEM is not a core part of the business 
(ie the vast majority of service organisations) collaborative 
networking is much less common39 and schemes such as 
KTPs, KTNs and the European Framework Programme for 
Technological Research and Development are little known.

The role of the Technology Strategy Board6.7.3 
The resourcing made available to the Technology Strategy 
Board and the seven Research Councils amounts to more 
than £3bn annually (with the much greater share going to the 
Research Councils). Given this, we wonder why what they are 
doing is not more widely known: most of the senior business 
people that we spoke to in the services sector knew little or 
nothing about the work of these bodies (see above). We are 
also not sure how the success of their activities with the 
services sector will be measured and generic lessons 
drawn out.

Knowledge Transfer Networks (KTNs) can provide 
opportunities for ‘consortia’ of SMEs to engage one another 
and the public research base. A short review of the areas 
covered by the 24 KTNs show that many (more than half, 
in our view) are expressly relevant to services. There are, 
for example, networks in Resource Effi ciency, Intelligent 
Transport Systems, Industrial Mathematics and Digital 
Communications. We strongly welcome the recent addition 
of a KTN for Financial Services.

As discussed earlier (see Recommendation 17) KTNs could 
play a role in developing and supporting the technical and 
theoretical competences needed to underpin new Grand 
Challenges in services.

We welcome the growth in the number of KTPs in services 
(which now exceed those in manufacturing—see Section 2.5) 
but note that they are still proportionally low given the size of 
the services sector. We believe that in implementing Lord 
Sainsbury’s recommendation to double the number of KTPs 
(Lord Sainsbury of Turville 2008, Recommendation 4.5) the 
TSB must endeavour to ensure that the distribution of KTPs 
more closely matches the balance of the economy.

We also note that, while there seem to be good numbers 
of KTP associates from engineering and technology 
backgrounds entering services, numbers of KTPs in services 
involving other STEM graduates appear very low. It is not 
clear to us whether this refl ects a lack of demand or a lack 
of engagement with sponsoring STEM departments.

Recommendation 21
We recommend that the TSB and Research Councils evaluate 
the applicability of their knowledge exchange schemes to the 

38 Organisations where STEM is the core business and whose revenues are 
based on their ability to deliver STEM expertise, outputs and solutions (eg 
Contract Research Organisations). In these organisations, the customer/
client is essentially buying STEM expertise (see Section 1.2).

39 There are notable exceptions in the fi nancial services sector, especially 
insurance. Indeed, there are a number of industry-led STEM-based 
knowledge sharing networks operating in these sectors, such as the 
Lighthill Risk Network and the Willis Research Network.

services sectors and develop and publish strategies for their 
active promotion in these sectors—especially to ‘type 2’40 
organisations.

Recommendation 22
In particular, the Technology Strategy Board should review 
the Knowledge Transfer Partnerships (KTP) programme for its 
accessibility to services and to KTP associates with STEM 
backgrounds. Subject to the outcome of this evaluation, the 
TSB and BIS should consider ways to stimulate and meet 
demand in services and develop and implement a strategy 
for doing so.

Recommendation 23
In developing and structuring the KTNs, the TSB should 
emphasise cross-cutting technical and theoretical 
competences which are required and valued across sectors.

The role of knowledge exchange specialists6.7.4 
At the university level, links with industry and public sector 
organisations are often facilitated by dedicated knowledge 
exchange professionals. Knowledge exchange offi ces and 
offi cers (KEOs) occupy an increasingly important space in 
business/university relations. There were 7,400 full-time 
equivalent KE staff in UK universities in 2007 (HEFCE 2008) 
compared to 1,529 in 2001 (HEFCE 2003). This growth in 
numbers is largely the result of the Government’s efforts to 
build KE capacity in the UK Higher Education sector—to 
date the Government has dedicated over £900m41 to the 
development of KE capacity in universities via the Higher 
Education Innovation Fund (HEIF), initiated in 2002.

Several contributors expressed strong concerns about KEO’s 
operational models, saying that they are ill-suited to service 
innovation models and business practices. (For example, 
traditional exploitation models emphasise intellectual property 
(IP) and licensing, whereas services often rely on devising 
new business models—often with little IP protection or 
immediate fi nancial gain). These views appear to be 
supported by evidence which shows that an increasing 
proportion of service organisations who collaborate with 
HEIs consider dedicated knowledge exchange specialists 
(often referred to as Technology Transfer Offi cers) as barriers 
to effective collaboration (see Section 2.5.1).

Given how little is known about service innovation models 
more widely (see Section 6.2) it is perhaps not surprising 
that university-driven KE processes are not well adapted to 
services innovation. However, in view of the considerable 
sums of money which have been invested in building 
universities’ KE resources and the potentially pivotal role KEOs 
play in building business-university relationships, it is vitally 
important that KEOs gain and apply a better understanding 
of the various emerging innovation models which pertain in 
services. This knowledge should help universities to make 

40 Organisations where STEM is a useful or essential tool/methodology 
that is used to meet other business objectives/services (eg insurance, 
retailing goods and services, and fi nancial trading). In Type 2 organisations, 
the customer is buying a service with certain attributes/features but is 
not concerned with how STEM is incorporated into the service (see 
Section 1.2)

41 See http://www.hefce.ac.uk/econsoc/buscom/heif/heif.asp
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more informed decisions about their knowledge exchange 
strategies and to carefully select entry points in service value 
chains. In turn, this should help the development of more 
profi table relationships between services and academics.

Recommendation 24
The fi ndings from the expanded body of research into services 
innovation (see Recommendation 10) should be promoted to 
knowledge exchange professionals whose role is to facilitate 
industry-university links.

Recommendation 25
The Institute for Knowledge Transfer should work closely with 
service sector fi rms or their representatives, including those in 
fi nancial services, retail and the public sector, to develop 
knowledge and guidance for knowledge exchange 
professionals in universities.

Improving access to expertise6.7.5 
The evidence gathered from the semi-structured interviews 
conducted for this project includes several accounts of fi rms 
who encountered very signifi cant diffi culties in identifying and 
accessing academic expertise.

As described earlier (see Section 6.4.1) links with the research 
base are very often informal. Though deemed valuable (often 
more so than formal links), these sorts of relationships do 
have some clear limitations. For example, links made and 
maintained through alumni can, in practice, be limited to 
contact between employees and their former supervisors or 
cohort, which means that technical knowledge dates quite 
rapidly and that the best expertise may not be identifi ed. 
Knowledge needs to be refreshed constantly to ensure that 
fi rms are familiar with the ‘state of the art’ and emerging 
trends and developments—this is vital if fi rms are to develop 
and harness good ideas for exploitation in the market.

While more informal links can often be benefi cial, fi rms also 
need to consider whether there is a need for more formal, 
wider networks built on links to ‘cutting edge’ technical 

knowledge and research, which could include engagement 
with academics—especially those at more senior levels. 
These could complement, rather than replace, informal 
networks or links.

Recommendation 26
We recommend that the Research Councils, Funding 
Councils and universities explore opportunities to foster and 
support the exchange of more senior academic and research 
staff into business and vice versa, perhaps by fellowship 
schemes or other means. This could draw on industry 
fellowship schemes that tend to focus at junior levels.

We received much evidence where the fl ow of knowledge 
was as much from commercial organisations to universities 
as the other way. Interpretations of the Knowledge Transfer 
concept (and the concept of Technology Transfer) appear in 
many cases to be built upon the relatively simple linear model 
of innovation proceeding from ‘blue skies’ and applied 
research in universities to commercial exploitation. The reality 
is demonstrably more complex than that. It should not be 
assumed that the benefi ts of collaboration and networking 
fl ow in one direction only, with services acting as passive 
recipients of outputs from the research base. High levels of 
knowledge, expertise and original research which characterise 
the STEM in services supply chains have potential to add 
value to academic activities (including the shaping of curricula 
and graduate training) and collaborations between the two 
communities.

Recommendation 27
We recommend that Government departments, the various 
funding bodies and representatives of the HE sector all adopt 
the term Knowledge Exchange in preference to Technology 
Transfer or Knowledge Transfer, to better refl ect the nature of 
the processes. At the operational level, we urge universities 
to review their knowledge exchange strategies to ensure and 
acknowledge that they are capturing the benefi ts of business 
input and perspectives on activities such as curriculum 
development and the direction and content of research 
programmes.
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Introduction7.1 

The service sector in the UK has grown signifi cantly over 
recent decades and it now accounts for around three quarters 
of jobs and GDP. Services include some of the highest 
performing sectors of recent years—fi nancial services, 
business support services, retail and the creative industries 
among them.

Innovation is an important driver of economic growth, 
particularly in high wage ‘knowledge economies’, so 
innovation in services is particularly important for the UK. 
As demonstrated in preceding chapters STEM is deeply 
embedded in the UK service sectors and its impact on service 
innovation processes is extensive and widely diffused—
though not always easily visible to those outside the process.

With appropriate policies in place STEM will play an important 
role in the development of services in the future. 

In this chapter we present a summary of the conclusions and 
recommendations of the report, grouped thematically. We 
have focused our recommendations on those areas where 
public policy can create additional value from Government 
investments in STEM.

Build and support services research 7.1.1 
communities and agendas

STEM will play multiple roles in enabling, stimulating and 
supporting service-based responses to many of the major 
social, economic and environmental challenges we face. 
Greater engagement between services and academia is 
necessary to ensure that the potential of STEM is fully realised 
in areas such as health, energy, environment, information and 
knowledge systems, all of which represent considerable 
opportunities for the UK.

A number of interfaces already exist between academia and 
service organisations, drawing on academic expertise from 
different departments and frequently receiving funding and 
leadership from services organisations.

However, support for such efforts appears to be largely 
piecemeal, with the exception of TSB Innovation Platforms 
and elements of the Research Councils’ cross-cutting themes. 
The scale of current efforts does not match the size of the 
opportunity to advance service-based solutions to globally 
signifi cant challenges or refl ect the UK’s strengths in research 
and business, which could help the UK to take leading 
positions in new and emerging markets. 

Greater convergence is required in order to: 

Establish international research communities in services • 
innovation;

Develop collaborative international research agendas in • 
services-related fi elds;

Ensure that opportunities to exploit STEM in services are • 
properly recognised;

Align research and market opportunities;• 

Ensure parity of esteem between services-related research • 
and other forms of academic research.

Recommendations:
Research Councils and the Technology Strategy Board (TSB) 
should expand their portfolios to encompass new service-
related Grand Challenges. In doing so they should examine 
whether new approaches (other than cross-Council themes 
and Innovation Platforms) are more appropriate to meet these 
challenges and, if so, develop options for alternative 
approaches. (Recommendation 15)

The Research Councils and the TSB should evaluate existing 
programmes to ascertain whether they adequately address 
opportunities in services, whether existing programmes 
could be enhanced by additional service-related elements, 
and whether they are benefi tting from suffi cient input 
and engagement from service organisations. Similarly, 
the Research Councils and TSB should ensure that future 
programmes adequately support emerging service industries 
and consider the role that service-based responses will play 
in meeting major economic and social challenges. This is 
particularly important given the apparent decline in services 
organisations collaborating with the public research base 
and an increased perception of barriers to collaboration. 
(Recommendation 16)

It is essential that Grand Challenges include provision to 
develop and align cross-cutting theoretical and intellectual 
competences in areas such as managing uncertainty in 
modelling and simulation, service design, quantitative data 
analysis, data security, standardisation or validation of data 
sets and dynamics in human-systems interaction. To do so 
would add value across the range of Grand Challenges by 
sharing knowledge and expertise and reducing costs. Options 
would include the physical co-location of resources and 
expertise in centres of excellence or the establishment of 
virtual centres or networks (perhaps using the Knowledge 
Transfer Network model). (Recommendation 17)

Develop a truly multi-disciplinary capability7.1.2 
Services organisations place a high value on STEM-trained 
employees but employers have identifi ed problems with 
workforce skills, highlighting particular diffi culties in fi nding 
employees with good ‘multi-disciplinary’ skills—which are 
essential in most modern service organisations. 

The evidence we received suggests that universities are 
generally doing a good job at producing graduates with 
‘deep disciplinary’ knowledge and associated analytical 
skills. Courses such as Service Science, Management and 
Engineering are developing which will produce graduates 
with an overview of a range of services-related subjects. 
But with the exception of a small number of postgraduate 
programmes, there is little current capability for training 
‘T-shaped people’—those with deep knowledge of one 
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discipline, combined with some knowledge of other subjects 
(STEM and non-STEM), and associated professional skills and 
tools such as ICT, business awareness, and analytical skills.

Anticipated developments in services and the importance 
attached to T-shaped people by the many organisations 
responding to our inquiry means it is essential that Higher 
Education Institutions give this serious consideration. More 
structured and detailed engagement between educators and 
service organisations is required to determine the exact nature 
of employers’ needs and the actions which might best 
address them. 

Recommendations:
We recommend that the UK Commission for Employment and 
Skills, in consultation with key stakeholders including service 
sector employers and professional and statutory bodies should 
identify any overarching concerns and unmet needs and 
address their observations to the Higher Education Funding 
Councils, Research Councils, Technology Strategy Board and 
HE providers. Based on the results of these explorations these 
bodies should support the modifi cation of existing STEM 
courses, the development of new academic courses and 
post-graduate training modules. (Recommendation 18)

Given that 82% of STEM graduates go into the service 
sectors, we recommend that providers of STEM courses 
take immediate steps to ensure that their graduates are 
better equipped to deal with the challenges they will face. 
Specifi cally, they should:

Ensure that ICT and analytical skills remain core to • 
STEM courses;

Use case studies and speakers from the services sectors • 
to illustrate the context in which graduates may use 
their degree;

Enable STEM graduates to take relevant modules and • 
lectures from other STEM and non-STEM disciplines 
(Recommendation 19).

In order to improve the training of STEM graduates, 
we recommend that more service sector fi rms should:

Provide work placements for undergraduates;• 

Seek opportunities to engage with STEM course providers, • 
both undergraduate and postgraduate, to inform the 
development of curricula and to explore their participation 
in courses. (Recommendation 20).

Increase the scale of knowledge exchange7.1.3 
The ‘outward-looking’ approach that services organisations 
take to innovation presents signifi cant opportunities for 
engagement with the STEM supply chain. Yet services 
organisations appear to be poorly connected with the 
research base, and there is little awareness within the services 
sector of formal knowledge exchange mechanisms (including 
those delivered by the TSB). Links with the research base, 
so far as they exist, are often informal or indirect.

Effective engagement is made diffi cult by the existence of 
a number of barriers, including mismatch of expectations, 
differing cultural norms, poor understanding of services 

innovation processes in academia, low esteem for services-
related research and poor alignment of objectives between 
businesses and academia. Government has put in place 
measures to encourage business-university collaboration, 
but we are concerned by the results of two major surveys 
which showed an apparent decline in services organisations 
collaborating with the public research base and increased 
perception of barriers to collaboration.

There is much potential for improvement here: various 
organisations made clear to us their desire for closer working 
relationships and many others demonstrated the benefi ts that 
fl ow from such collaborations. 

The approach to knowledge exchange taken by some 
universities fails to take into account the nature of services 
innovation or services business models. Some services fi nd 
that these approaches impede rather than promote 
knowledge exchange.

While informal links can often be benefi cial, we believe that 
there would be advantages to exploring mechanisms to 
support the exchange of senior staff between academia and 
business.

Recommendations:
We recommend that the TSB and Research Councils evaluate 
the applicability of their knowledge exchange schemes to the 
services sectors and develop and publish strategies for their 
active promotion in these sectors—especially to organisations 
in which STEM may be a useful tool for developing and 
delivering services (eg providing insurance, retailing goods 
and services, or fi nancial trading) without being a core output 
of the business. (Recommendation 21)

In particular, the TSB should review the Knowledge Transfer 
Partnerships (KTP) programme for its accessibility to services 
and to KTP associates with STEM backgrounds. Subject to the 
outcome of this evaluation, the TSB and the Department for 
Business, Innovation and Skills (BIS) should consider ways 
to stimulate and meet demand in services and develop and 
implement a strategy for doing so. (Recommendation 22)

In developing and structuring the KTNs, the TSB should 
emphasise cross-cutting technical and theoretical competences 
which are required and valued across sectors. 
(Recommendation 23)

Findings from the expanded body of research into services 
innovation (see Recommendation 10) should be promoted to 
knowledge exchange professionals whose role is to facilitate 
industry-university links. (Recommendation 24)

The Institute for Knowledge Transfer should work closely with 
service sector fi rms or their representatives, including those in 
fi nancial services, retail and the public sector, to develop 
knowledge and guidance for knowledge exchange 
professionals in universities. (Recommendation 25)

We recommend that the Research Councils, Funding Councils 
and universities explore opportunities to foster and support the 
exchange of more senior academic and research staff into 
business and vice versa, perhaps by fellowship schemes or 
other means. This could draw on industry fellowship schemes 
that tend to focus at junior levels. (Recommendation 26)

68  I  July 2009  I  Hidden Wealth The Royal Society



We recommend that Government departments, the various 
funding bodies and representatives of the HE sector all adopt 
the term Knowledge Exchange in preference to Technology 
Transfer or Knowledge Transfer, to better refl ect the nature of 
the processes. At the operational level, we urge universities to 
review their knowledge exchange strategies to ensure and 
acknowledge that they are capturing the benefi ts of business 
input and perspectives on activities such as curriculum 
development and the direction and content of research 
programmes. (Recommendation 27)

We agree with the view expressed by many contributors, 
including the Research Councils, that the Research 
Assessment Exercise did little to encourage engagement 
between universities and top class STEM innovators in 
services, and may even have discouraged academics from 
collaborating with service innovators. We strongly recommend 
to the Higher Education Funding Councils that the new 
Research Evaluation Framework should not replicate this 
unfortunate situation. (Recommendation 14)

Improve understanding of service innovation 7.1.4 
models and the role of STEM 

Services innovation, and particularly the role of STEM, 
has been a notable ‘blind spot’ for science and innovation 
policymakers. Unless policymakers develop an improved 
understanding of increasingly distributed, ‘open’ innovation 
processes in services it is unlikely that innovation policy will 
be able to support innovation practice.

A better appreciation of innovation processes (and appropriate 
policy interventions) requires a broad understanding of the 
relationships between service organisations, various actors 
in the STEM supply chain, other non-STEM inputs, service 
users and customers.

Poor understanding of innovation models and practices is 
compounded by the relative lack of academic and case study 
material and suitable statistical information available for 
analysis. As a result there are signifi cant knowledge gaps 
and associated challenges for policymakers, innovation 
practitioners and potential collaborators in the STEM 
supply chain.

For example, it is diffi cult to understand the structure of the 
services sector because the boundary between it and other 
sectors is increasingly blurred. The offi cial statistics on 
services are largely based on defi nitions last substantially 
revised in 1992. Though a new (2007) scheme is being 
implemented, it will not be used across all offi cial statistics 
until at least 2011 and, even then, we have been told it will 
still not depict the emerging services.

Given the economic importance of these sectors these 
knowledge gaps need to be addressed as a matter of urgency. 

Recommendations:
We urge the Offi ce for National Statistics—and, if necessary, 
HM Treasury—to take the steps necessary to address the 
inadequate coverage of the service sectors by offi cial statistics. 
We note that the imperative from the fi nancial crisis has led to 
a substantial programme of international work on improving 
indicators and statistics which might predict future crises. 

In so far as this work results in any further changes to standard 
industrial classifi cations, we would wish to see that these also 
address the needs expressed in the evidence to us. 
(Recommendation 9)

Research funders must develop the body of academic work 
concerning services innovation. The recently established 
Innovation Research Centre, together with the Economic 
and Social Research Council, should take a lead in the 
development of knowledge of service innovation models 
by commissioning and undertaking new research and 
analysing and synthesising existing literature and data. 
(Recommendation 10)

We recommend that the Department for Business, Innovation 
and Skills (BIS) should not rely on the UK Innovation Survey 
alone to assess the extent and state of links between the 
academic STEM community and the services sectors. 
Specifi cally, we endorse and repeat a recommendation fi rst 
made by the Council for Science and Technology in 2003 
(CST 2003) that Government should undertake a large-scale 
review of service value chains to understand where the 
key intersections with the research base occur. This will 
provide a more detailed picture to complement (or balance) 
the picture painted by the UK Innovation Survey. 
(Recommendation 11)

Given the apparent signifi cance of STEM capabilities 
which are embedded internally or in service supply 
chains, a large-scale review of service value chains (see 
Recommendation 11) should be used to explore ways 
that ’embedded STEM’ capabilities can be leveraged and 
their contribution to innovation processes enhanced. The 
Royal Society would be happy to advise BIS based on the 
information and experience gathered in the course of this 
study. (Recommendation 12)

BIS and the Research Councils must use the information 
garnered from the studies outlined above to ensure that future 
science and innovation policies move beyond the linear model 
of innovation. Policies must better recognise the complex 
innovation ecosystem that applies to services and the 
signifi cance of ‘embedded STEM’. This should help redress 
the balance of science and innovation policy, which has 
tended to focus very largely on the university system, with 
metrics that do not capture much of the important informal 
inputs or characteristics of innovation which differ from those 
in manufacturing. (Recommendation 13)

Case studies7.2 
Given the economic importance of the banking and public 
sectors in the UK and the signifi cance of innovation in these 
settings, we have looked in detail at the distinctive role of 
STEM in these domains.

Innovation in the banking sector 7.2.1 
The UK has enjoyed a huge competitive advantage in fi nancial 
services over an extended period, bringing substantial 
advantages to the UK economy. Developments in ICT and 
fi nancial modelling have fostered particularly rapid innovation, 
enabled by STEM-trained staff, notably computer scientists 
and mathematicians.
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However, vast imbalances in capital funds between countries, 
mispricing of risk and the collapse of the US sub-prime 
mortgage market triggered a global banking crisis in autumn 
2007 which led to a sudden, massive and ongoing reduction 
in credit availability with dire consequences for governments, 
taxpayers, consumers, companies and banks world-wide. 
This fi nancial crisis has led in turn to a near-global recession 
in ‘the real economy’.

There are a wide range of opinions on the causes of the 
crisis, but some commentators have attributed at least some 
blame to the inappropriate use of mathematical tools, whose 
properties and consequences were not properly understood 
by those responsible for managing their exploitation. It is clear 
that many and various fl aws in the banking sector culminated, 
ultimately, in systemic failure. Aside from a cavalier approach 
to risk, these include the reliance on apparently complex 
(but in some cases actually simplistic) tools and fi nancial 
products, low levels of understanding and oversight by senior 
management and the inappropriate regulatory and geopolitical 
frameworks which underpinned global fi nancial systems.

Recommendations:
BIS, working with the TSB and the Research Councils, 
should seek to create one or more world-leading and 
independent centres of modelling and risk assessment 
relevant to banking (and other fi nancial services), drawing 
on all relevant sections of the research base. The success of 
such an endeavour would be maximised by mandating and 
formalising the engagement between the centre(s) and the 
Financial Services Authority (FSA). The FSA and HM Treasury 
should ensure this engagement comes about and is effective. 
(Recommendation 1)

The Research Councils should engage at a high level with the 
Bank of England and the Financial Services Authority to 
explore ways in which the research base can contribute to 
more effective modelling of systemic risk in fi nancial services, 
perhaps through consideration of complex adaptive systems. 
This may well necessitate a global research effort. 
(Recommendation 2)

The FSA and the Financial Services Skills Council (FSSC), 
supported by the City of London Corporation and relevant 
professional and statutory bodies, should institute and 
mandate competency levels in understanding of mathematical 
modelling and risk in complex systems. They should draw 
heavily upon the research base in this design but should 
also ensure that any license to manage should require 
demonstrable competence in this area achieved through 
formal training, irrespective of whether this management is 
at Board or lower levels. (Recommendation 3)

The Higher Education Funding Councils, in conjunction with 
the FSSC, should commission a review of the contents of 
fi nancial engineering and related courses in the UK, examining 
their curricula, discussing with the relevant authorities what 
would be appropriate curriculum elements and commending 
the fi ndings to the leadership in HEIs and accreditation bodies. 
(Recommendation 4)

Innovation in the public sector7.2.2 
Recognition of the importance of innovation in government 
has grown in recent years. Some public agencies have 

recognised the role of STEM in delivering high quality public 
services and have successfully engaged the STEM supply 
chain in their innovation processes. But these examples are 
the exception to the rule—initiatives to foster innovation 
within Government have mostly ignored STEM. There is a 
pressing need to expand good practice across the public 
sector and take advantage of STEM inputs.

Some of those who contributed to the study complained 
about constraints on innovation in the private sector resulting 
from public sector innovation, and specifi cally the practices of 
certain government Trading Funds in regard to licensing and 
charging for public sector information. Government has made 
some changes to the business model of one Trading Fund in 
Budget 2009 but we believe more can benefi cially be done.

The CBI suggested that there may be scope for giving 
academic researchers suitably confi dential access to large 
private sector databases. We think this could be helpful to 
businesses, researchers and government alike.

Recommendations:
In view of the importance of the public sector to the national 
enterprise and national productivity and competitiveness, we 
strongly recommend more detailed work on how STEM can 
be exploited more successfully to foster public sector 
innovation. This needs to be through a team drawn from 
central and local government and from the research base. 
This recommendation is primarily addressed to the Cabinet 
Offi ce—which has a continuing role through its strategy for 
‘excellence and fairness in public services’—and to BIS. 
(Recommendation 5)

We urge BIS to discuss with the Funding Councils how to 
emulate the success of the Higher Education Innovation Fund 
with partners from the public services and the research base. 
(Recommendation 6)

We note the Government’s publication of changes to the 
Ordnance Survey (OS) business model and welcome the 
intention of making OS information more readily available. 
But we urge the Shareholder Executive and HM Treasury to 
move towards a situation where there is one model for the 
supply of government information, thereby simplifying matters 
for commercial organisations and facilitating innovation. 
(Recommendation 7)

We recommend to the UK Research Councils that they should 
explore with the CBI and other relevant representative bodies 
the scope for freeing commercial data for academic and other 
research. (Recommendation 8)

Developing a policy response7.3 
The fi nancial crisis of the past two years, and the ensuing 
global recession, has brought the debate about the structural 
mix of the UK economy sharply into focus. It seems certain 
that the balance between sectors will change, but services 
will continue to dominate economic activity for the 
foreseeable future.

Moreover, the increasingly globalised nature of service 
industries and supply chains, the development of service-
based responses to many of the major social, economic and 
environmental challenges facing society and the advent of ever 
more personalised and ubiquitous services represent both 
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opportunities and challenges for UK organisations, 
government and policymakers.

The absence of a coherent policy for the promotion of 
innovation in services threatens to undermine the ability of fi rms 
based in the UK to develop and maintain leading positions in 
highly competitive and globalised service industries.

We believe that the implementation of these 
recommendations would enable the UK Government 
to maximise the economic potential of these sectors 
and to create additional value from investments in STEM. 
The Royal Society looks forward to playing an active role 
in the further development of the UK’s science and 
innovation strategy.
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ABI Annual Business Inquiry: a statutory annual survey of employment information from businesses 
and other organisations in most industry sectors of the UK economy

absorptive capacity the ability of an organisation to value, assimilate and apply new knowledge

AEK acquisition of external knowledge—a type of ‘innovation activity’ recorded by the UK Innovation 
Survey

AIM Advanced Institute of Management Research

AIM IPGC survey of 
EPSRC collaborators

A questionnaire sent to all industrial collaborators on EPSRC collaborative projects since 1999, 
asking about the nature and frequency of collaborators’ interactions with HEIs, and drivers and 
perceived barriers to collaboration. There were surveys in 2004 (conducted by SPRU) and 2008 
(conducted by AIM). The 2008 survey was sent to 3431 individuals at 3119 organisations, and 
had a 20% response rate. Organisations in the ‘business services’ sector (SIC(92) 72, 73, 74.1-3) 
made up 37% of respondents to the 2008 survey, with the majority of remaining organisations in 
the manufacturing sector.

AMES acquisition of advanced machinery, equipment and software—a type of ‘innovation activity’ 
recorded by the UK Innovation Survey

APC Air Pollution Control

API Application Programming Interface

ATM Automated Teller Machine (cash machine)

BAA British Airports Authority

BERR Department for Business, Enterprise & Regulatory Reform (disbanded in June 2009, and 
functions transferred to BIS)

BIS Department for Business, Innovation and Skills

CASE studentships Collaborative Awards in Science and Engineering: doctoral training grants for graduates to 
undertake research on a subject selected and supervised jointly by academic and industrial 
partners

CBI formerly the Confederation of British Industry, the main lobbying organisation for UK business

CEO Chief Executive Offi cer

CIO Chief Information Offi cer

COPD Chronic Obstructive Pulmonary Disease

core STEM a category defi ned for the purposes of this report as biological, physical, computing and 
mathematical sciences, and engineering and technology; medicine and dentistry, subjects allied 
to medicine, veterinary science, and agriculture and related subjects are excluded

CRM Catastrophe Risk Modelling

CST Council for Science and Technology

DCM Demand Chain Management

DCMS Department for Culture Media and Sport

DfT Department for Transport

DIUS Department for Innovation, Universities and Skills (disbanded in June 2009, and functions 
transferred to BIS)

DTI Department of Trade and Industry (disbanded in 2007, and functions transferred to BERR 
and DIUS)

EngD studentships a PhD studentship leading to the award of an Engineering Doctorate Degree, during which the 
student conducts some research in an industrial context

EPSRC Engineering and Physical Sciences Research Council

ESRC Economic and Social Research Council

FSA Financial Services Authority

Annex 1 Glossary
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Funding Councils the Higher Education Funding Councils in England (HEFCE), Wales and Scotland, responsible for 
distributing public money for teaching and research to universities and colleges. In Northern 
Ireland this role is performed by the Department for Learning and Employment, which we include 
when using the phrase ‘Funding Councils’

GDP Gross Domestic Product—a measure of total economic activity

GIS Geographical Information Systems: an information system that links together difference types of 
information link to a certain geographic area

GPS Global Positioning System

grid computing using several interconnected computers, sometimes distantly located from each other, 
simultaneously to solve a single problem

GVA Gross Value Added: the contribution to the economy of each individual producer, industry or 
sector in the United Kingdom (or GDP minus taxes plus subsidies on products)

HEFCE Higher Education Funding Council for England, responsible for distributing public money for 
teaching and research to universities and colleges in England

HEIF Higher Education Innovation Fund: a funding mechanism administered by HEFCE designed to 
support knowledge exchange activities between HEIs and other organisations

HEIs Higher Education Institutions

HESA Higher Education Statistics Agency

IDeA Improvement and Development Agency for local government

IoS Index of Services: a statistic published by the ONS showing monthly changes in value added by 
22 of 27 service sectors in the UK

IP Intellectual property

IPGC Innovation and Productivity Grand Challenge: one of four ‘Grand Challenge’ consortia funded by 
the EPSRC’s ‘Innovation Manufacturing’ programme

IPPC the International Plant Protection Convention: an international treaty to prevent the spread and 
introduction of pests of plants and plant products

ISIC International Standard Industrial Classifi cation of All Economic Activity (see SIC)

IT/ICT Information Technology/Information and Communications Technology

IvT Innovation Technology: a ‘digital toolkit’ comprising eScience, simulation, modelling and virtual 
prototyping software

KE(O) Knowledge Exchange (Offi ce)

KIBS Knowledge Intensive Business Services—SIC(92) 64.2, 65 to 67, 72 to 73, 74.1 to 74.4

KTN Knowledge Transfer Network

KTP Knowledge Transfer Partnership

LINK the main interbank ATM network in the UK

LSBU London South Bank University

LTCM Long Term Capital Management, a US hedge fund which failed in the late 1990s

MRI Magnetic Resonance Imaging

NACE Classifi cation of Economic Activities in the European Community

NAO National Audit Offi ce

NATII National Transport Information Incubator

NESTA National Endowment for Science, Technology and the Arts

NHS National Health Service

NIC the NHS’s National Innovation Centre

OECD Organisation for Economic Co-operation and Development

ONS Offi ce for National Statistics

OS Ordnance Survey
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OSI Offi ce of Science and Innovation

PET Positron emission tomography

R&D Research and Development

RAE Research Assessment Exercise

RCUK Research Councils UK: a partnership of the UK’s seven Research Councils

RFID Radio-Frequency Identifi cation: a tag attached to an object allowing it to be identifi ed and tracked 
from a distance using radio waves

RNLI Royal National Lifeboats Institution

services Sections G to Q of the Standard Industrial Classifi cation (SIC) 1992

SIC Standard Industrial Classifi cation, a system used by the Offi ce for National Statistics to classify 
organisations according to the type of economic activity they engage in

SIPR Scottish Institute for Policing Research

SMEs Small and Medium Enterprises; defi ned in the UK as companies with fewer than 250 employees, 
a turnover of not more than £25.9 million and a balance sheet total of not more than £12.9 million

SNA System of National Accounts

SPPI Services Producer Price Index

SPRU Science Policy Research Unit at the University of Sussex

SSME Service Science, Management and Engineering: a term used to describe an interdisciplinary 
approach to studying, designing and implementing services systems, and associated university 
courses

STEM Science, Technology, Engineering and Mathematics

TfL Transport for London

Trading Funds Trading funds were introduced by the UK Government under the Trading Funds Act 1973 as a 
‘means of fi nancing trading operations of a government department’. There are over 20 UK 
Trading Funds and these are required to operate within a framework that includes supplementing, 
or fully funding, their operations from receipts of goods and services including licensing of data 
under delegated Crown copyright. Some of these Trading Funds also levy statutory charges. The 
business models and environments within which Trading Funds operate vary greatly. A continuum 
exists from those where data charges levied are a very small percentage of their recognised 
income to those that fully subsist from licensing their data

TSB Technology Strategy Board

UKCES UK Commission for Employment and Skills

UK Innovation Survey The UK contribution to the Europe-wide Community Innovation Survey. The survey is sent to 
enterprises with ten or more employees in manufacturing and services sectors, and asks about 
organisations’ innovation activity over the preceding three years. The survey was originally 
conducted every four years, but since 2005 has taken place every two years. The 2007 survey 
was sent to 28,000 UK enterprises, and had a 53% response rate

VAR Value-at-risk
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Annex 3  Treatment of the services sector 
and innovation by the Offi ce for 
National Statistics

How services and innovation are measured by offi cial 
statistics is critical in assessing how best to understand them 
and also what policy levers might usefully be employed to 
foster innovation based on STEM. This detailed note was 
kindly provided by Mr Tony Clayton, Divisional Director, 
Economic Analysis, in the Offi ce for National Statistics (ONS): 
it illustrates the complexity of decision rules employed under 
international statistical standards.

Defi ning service fi rms
The agreed international System of National Accounts (SNA) 
defi nes the process.

One SIC code is associated to each unit recorded in statistical 
business registers (which, at the lowest level means a 
geographic or local unit), according to its principal economic 
activity. The principal activity is the activity which contributes 
most to the value added of the unit.

Under the rules on outsourcing, units which outsource all of 
their manufacturing and do not own the material inputs used 
in the manufacturing process will not be classifi ed in 
manufacturing but in services. An example of the results of 
this rule is that Apple is classifi ed by the US statistical system 
as a wholesaler of imported goods. Normally the units which 
supply them will be classifi ed in manufacturing.

The description that businesses provide of their activities will 
not always indicate whether, under the outsourcing rules, they 
are classifi able in services rather than manufacture but such 
businesses can be identifi ed using, within appropriate 
thresholds, ratios for variables collected by the Annual 
Business Inquiry (ABI):

Purchases/sales;• 

Purchases of goods for resale + sub-contracting/• 
purchases;

Sub-contracting/sales;• 

Turnover/employment (which needs different thresholds • 
per industry).

Each reporting unit (which is the unit of homogeneous activity 
on which fi rms choose to report) is then classifi ed on the 
basis of aggregating its local units by value added. If value 
added cannot be determined, substitutes such as gross 
output (sales) or employment are used.

The manufacturing/service split of the whole economy is 
defi ned in terms of industries as aggregated from fi rms, 
classifi ed in this way.

Treatment of outsourcing/offshoring
Rules for determining how outsourcing is treated at fi rm 
level depend on who owns the inputs and outputs to 
the process.

Case 1)  A principal who owns the main material inputs 
sub-contracts the complete manufacturing 
production process of products to another unit.

Codifi cation rules: The principal who owns the main 
material inputs (eg textiles and buttons for the production 
of apparel, wood and metal accessories for the manufacture 
of furniture) and thereby owns the fi nal outputs, but who 
has done the production by contractors, is classifi ed in 
NACE Section C (Manufacturing), in the class that 
corresponds to the full production process. The contractor 
is classifi ed with units producing the same goods for their 
own account.

Case 2)  A principal who doesn’t own the material inputs 
sub-contracts the complete manufacturing of 
products to another unit.

Codifi cation rules: The principal who completely outsources 
the transformation process and doesn’t own the material 
inputs is classifi ed in accordance with the value added 
principle. The contractor is classifi ed with units producing 
the same goods for their own account.

Rules for coding are included in the SIC 2007, which is on 
the ONS website (ONS 2008).

The rules are the same whether the outsourcing is undertaken 
in the UK (domestic outsourcing) or outside the UK 
(offshoring/importing). The ABI, through which the sales 
and value added data is gathered, does not distinguish 
between imported and domestically purchased goods—our 
information on these comes from administrative sources. 
However, it does collect data on imported and exported 
services, which has allowed the ONS to do useful work on 
patterns and trends of offshored services.

Turning survey data into estimates of 1.1 
manufacturing/services output

ONS produces short term (monthly and quarterly) and 
longer term (annual) estimates of economic output. The 
annual estimates of overall GDP are benchmarked to the 
ABI, which covers over 60,000 manufacturing and service 
fi rms. They also bring together a range of survey detail on 
purchases and sales by fi rms, on investment and 
consumption, which help to build a detailed picture of the 
structure of the economy. These are used to construct 
supply—use tables which show relationships between 
industries, how much output from each of 123 industries 
defi ned goes to each of the others, how much into 
investment, and how much into consumption.

The approach to short term output data is, in principle, 
the same for services and manufacturing—defl ated 
turnover is taken to be the preferred indicator of changes 
in real value added. The service sector presents additional 
complexity due, mainly, to diversity of activities and the 
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intangible nature of output. In some service industries it is 
necessary to use direct physical measures or input measures 
as proxies for output.

Service sector activity is measured from high frequency 
surveys of turnover and prices. The surveys include:

Monthly Inquiry into the Distribution and Service Sector;• 

Monthly Retail Sales Inquiry;• 

Direct volume indicators.• 

To account for infl ation, the fi gures are defl ated using:

Consumer prices index;• 

Services Producer Price Index (SPPIs);• 

Where SPPIs are not available, proxies based on • 
earnings or consumer prices.

The accuracy of the defl ation process depends on good 
estimates of product share within overall industry output. 
For the manufacturing sector this depends on a detailed 
(and very data intensive) survey of product outputs, 
(PRODCOM) required as part of EU regulation. A comparable 
services survey (SERVCOM), was recommended in the 
Allsopp review (Allsopp 2004).

The removal of price effects, and measurement of work in 
progress, are challenging for the service sector generally. 
These issues are strongest in sectors such as retail, fi nance 
and public sector which face specifi c challenges (for details, 
see Tily 2006).

The UK is a world leader in providing annual, quarterly, 
and monthly service sector estimates in response to user 
demands. It was the fi rst country to develop a monthly 
indicator based on internationally agreed methods for the 
whole of the service sector.

Currently the Index of Services (IoS) covers 22 of the 27 
service sector divisions, accounting for 94% of service sector 
activity. The IoS was launched in 2000 as an experimental 
statistic, and reclassifi ed in 2007 as a National Statistic after 
signifi cant improvements. Individually, over 80% of the 
IoS divisions are classifi ed as National Statistics, and 
improvements have been made in fi ve key areas: data sources 
and methods, seasonal adjustment, periodicity, level of detail, 
timeliness of publication. For more detail, see Drew and 
Morgan (2007).

One issue which challenges statistics offi ces round the world 
is dealing with substitution of domestically produced 
intermediate inputs by much lower priced goods or services 
from overseas. As lower cost imports increase, reported value 
added in fi rms increases. If value added measures of fi rm or 
industry output are defl ated only by sales prices, then real 
growth will be overstated. There is a concern in the US that 
this has led to overstatement of manufacturing output. http://
www.businessweek.com/magazine/content/07_25/b4039001.
htm?chan=search

The ideal remedy is use of better price indices (for goods and 
services) to separately defl ate inputs to and outputs from each 
industry. This is known as ‘double defl ation’ and is one of the 
objectives of the national accounts reengineering, now 
underway.

ONS innovation surveys and treatment 
of services
ONS conducts three main surveys with regard to innovation, 
on R&D, ICT and innovation itself. All three are covered by 
EU Regulation, with UK variation to meet users’ needs.

The Business Enterprise R&D Survey
The R&D survey is drawn from a universe of businesses 
that have previously reported R&D activity, either through 
inclusion in the survey or through signifying that they carry 
out R&D by responding to a question added biennially to our 
Annual Business Inquiry (which covers manufacturing and 
service fi rms). Businesses that have previously reported 
activity but now report that they have no plans to do so in 
the future are removed from the universe. Horizon scanning 
is also used to populate the universe, with specifi c effort to 
recruit to the banking and fi nancial sector as the ABI excludes 
this sector. This process means that the whole economy is 
surveyed.

The questionnaire issued requests information about current 
and capital spend on R&D, with no specifi c questionnaire 
design arrangements to differentiate the service sector. The 
defi nition of R&D is internationally agreed, and covers activity 
to ‘resolve technical uncertainty’; historically the interpretation 
of the defi nition has focused on physical products and 
processes. The survey is compulsory for selected fi rms.

The ICT use survey (also known as the 
e-Commerce survey)
This is a survey designed to assess the penetration and 
sophistication of ICT across business. It is an annual survey 
with a core of common questions, plus modules which 
change from year to year, and which are agreed across 
the EU.

From initial conception in 2001, when the survey was 
designed to assess how many fi rms used computers, the 
internet and e-commerce plus the value and distribution of 
electronic trading, the survey has developed to produce a 
broader picture of how fi rms use technology to link internal 
operations (process innovation) and link with customers and 
suppliers (service innovation). The survey is common across 
manufacturing and most service sectors—except for fi nancial 
services where a specifi c format has been developed.

This survey has helped—along with estimates of demand for 
ICT investment—to show the importance of ICT for service 
innovation. Household surveys on the use of ICT also show 
where consumer behaviour consumption patterns are 
changing in response to innovation.

The Innovation Survey
The coverage of the UK Innovation Survey is laid down in 
EU Regulation, although we have extended coverage beyond 
the minimum to include some additional service sector 
businesses to meet UK policy users’ needs. Some areas 
of the service sector are not included, for example, Public 
Administration, Education and Healthcare. The UK innovation 
survey is voluntary, and so achieves a lower response rate 

86  I  July 2009  I  Hidden Wealth The Royal Society



than the R&D and ICT surveys (but still well above the 
response rates in some other EU countries).

The survey covers both outputs from innovation (products 
and services, patents and know-how) and inputs to innovation 
(scientists and engineers, R&D activity, external sources of 
knowledge, and other activities required to turn knowledge 
into marketable outputs). Design of the survey is driven by 
policy colleagues in BIS and the UK version is ahead of some 
other countries in terms of its coverage of ‘soft innovation’ 
not directly related to technology.

Innovation is defi ned by international guidelines. This 
guidance changed in 2005 to include organisational 
and marketing innovation, in addition to the ‘traditional’ 
product and process innovations, acknowledging concern 
that these innovations were being overlooked. The change 
is a positive one as it increases the scope for identifying 
innovative businesses in the service sector, and helps to 
examine how technical and non-technical innovation 
complement each other.

New work on ‘intangible’ innovation 
investment, based on services
Over the last four years ONS has been working with Queen 
Mary, University of London, London School of Economics, 
HM Treasury, Bank of England and other stakeholders 
to improve data and understanding in those areas of 
innovation investment which depend on services. This 
means expenditure (by fi rms) which builds productive 
capacity for the future, but which is not classifi ed as 
investment by accountants (either company accountants 
or in the National Accounts).

The programme’s fi rst big impact on ONS published statistics 
came last year, when we included fully ‘own account’ 
software as investment by fi rms, required by the System of 

National Accounts (SNA)—adding around £9 billion to GDP 
(see Chamberlin et al. 2007). The ONS is now working on the 
next SNA revision which requires R&D to be treated in the 
same way (Galindo-Rueda 2008).

Further work in this area, to quantify other intangible assets 
(non-technical innovation costs, work related human capital, 
organisation, reputation) has produced insights into the UK 
economy. It has shown the importance of intangible assets 
in the UK market economy (roughly equal to tangible 
investment), and a new view of UK productivity which 
challenges ‘offi cial’ data. These were published in October 
2007 as part of the Treasury pre-budget report (Marrano et al. 
2007). Following this we are supporting work on distribution 
of intangible assets across industries in the UK economy, 
and initial results have been published by the National 
Endowment for Science, Technology and the Arts as part 
of their innovation index programme (Clayton, Dal Borgo 
and Haskel, 2008).

This work is of vital interest to the UK, because structural 
changes happening here mean we have one of the highest 
concentrations of intangible investment of the major world 
economies. It has increasing policy relevance, because:

initial work (with • Jonathan Haskel and others) shows 
some areas of intangible investment need better 
measures;

some ‘intangibles’ will be included in National Accounts • 
in the next few years, starting with R&D as a result of the 
new 2008 SNA;

understanding the overall effect of intangibles, including • 
parts which will not be covered by National Accounts 
changes, and being able to value their impacts, is 
important to Treasury, Bank, the Intellectual Property 
Offi ce, BIS, the Department for Culture, Media and 
Sport and private sector analysts.
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Annex 4  The evolution of Standard Industrial 
Classifi cations over time
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