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EXECUTIVE SUMMARY

The Scottish Executive consultation on “Science and Innovation Strategy for Scotland” ran from 2 October 2006 to 5 January 2007 as a follow-up to the 2006 Science Strategy Progress Report. The consultation was intended to inform plans for a future Science and Innovation Strategy in 2007 as a refreshed version of the 2001 Science Strategy. A consultation paper was issued in October and 86 responses were received from a wide range of professional and lay individuals and organisations. 

The response to the consultation was encouraging in terms of the participation of a wide range of responding bodies from across a broad spectrum of sectors: academic organisations and individuals were the biggest sectors amongst respondents, with business bodies, educational bodies, professional associations, trade unions,  non-departmental public bodies (NDPBs) and several other smaller interest being represented too. Only a few large  businesses responded, and no responses were received from small or medium enterprises. 

The consultation paper was structured around seven themes: 
1) maintaining and developing the excellence of the science research base; 
2) enhancing international connections and capturing overseas investment; 
3) intensifying knowledge exchange between academia and business; 
4) expanding business innovation; 
5) modernising science education and promoting science careers; 
6) increasing public engagement with science; 
7) developing better use of science by government.

After setting out main issues, each of the themes included a section on long term aspirations and short to medium term action points. As a possible structure to the responses, ten questions were set up in relation to each of the themes, as well as two general questions which invited respondents to comment on general issues, structural suggestions or missing topics. Most consultees choose to respond to a number of themes only, some opted to send free text responses, and others followed the questions listed in the document. Questions one and two in relation to the themes received the most comments but the remaining questions also attracted around one third of all responses. 
The following report presents a detailed analysis of the responses to the written consultations; a summary of issues raised by respondents is presented here.

In relation to theme one, respondents suggested that Scotland needed 

· An institutionally diverse research base, 

· A balance of applied and basic research, 

· Centres of excellence  parallel with individual research institutes,

· Increased research funding, 

· Security of funding,

· Well-established and secure connections with UK, European, US, and Asian research centres (cf. chapter five). 

Under theme two, respondents underlined the following issues:

· Increase connectivity of Scottish science base,
· Increase collaboration with European, Eastern European, Asian countries,
· Capitalise available European Union (EU) funding,
· Promote and advertise Scottish science and innovation success stories,
· Target early career scientists and PhD students through fellowship schemes, exchange, programmes, tax regimes, reward structures.
Theme three addressed the current weakness of knowledge exploitation in the industry base, and emphasised that 

· A shift in working cultures was required to improve knowledge exchange (KE) and knowledge transfer (KT),
· A more sophisticated understanding of innovation in Scotland needed to be developed,
· KE programmes between research and business communities needed to be promoted,

· Intellectual property (IP) generated by research pooling needed to be captured better.
In relation to the expansion of business innovation under theme four respondents emphasised that innovation could be improved through 

· Tax incentives (e.g. R&D tax credits, tax breaks for innovative ideas),

· Increased funding (e.g. Business Enterprise Research and Development (BERD) Scottish Funding Council (SFC), EU funding),

· Structural changes (e.g. greater attention to Intermediary Technology Institutes (ITIs), clusters, local partnerships),

· Establishment of a single innovation department.

As for science education and science careers addressed in theme five, respondents agreed that 

· Excellent science school education was a key factor for a solid science base in Scotland,
· School education could be improved through professional development, more technical support staff, better equipment, continuous co-operation with external science institutions,

· Recognition and prospect of research science careers needed to be improved urgently,

· Public science education: Science Centres, museums, libraries needed to be securely supported and developed. 
Under theme six on public engagement with science respondents recommended 

· Strong involvement of arts, humanities, and social sciences,
· Public engagement (PE) activities which are both informative and deliberative,
· Citizens should be involved in decision making processes,
· Secure funding for public engagement initiatives.
Theme seven looked at the use of science by government. Respondents welcomed the post of Chief Scientific Adviser (CSA) throughout. They underlined that 

· The CSA’s role should be strengthened,

· Rules should be set up for the process of advice giving,

· Public health and environmental regulation should be evidence-based policy areas,

· Scientific evidence generated outside Scotland should be taken into account. 

OVERVIEW

Generally, the consultation was welcomed as timely and necessary.  The volume of responses (86 in total) was good given that the science strategy consultation was a broad rather than a single issue document. The range of interests of responders was also good, representing key sectors and stakeholders, with evidence of some respondents putting effort into widening the consultative process by including comments from workshops and discussing questions at group meetings. 

Overall, the responses to the consultation were wide-ranging, detailed, based on professional and personal experience in Scotland and beyond. Whilst they did not always add novel ideas to the suggestions in the consultation document, several responses provided a depth of comment that can inform a future science strategy. 

Consultation responses were characterised by diversity of groups and views from a wide spectrum with an emphasis on academic institutions and individuals. With few exceptions most comments tended to be in each institution’s areas of expertise. Theme five was commented on the most (by 59 respondents), followed by themes one (51) and six (50). Theme seven was commented on the least (38) with themes two to four attracting around 44 responses each (cf. Chart 1). In relation to each of the themes, questions one and two were commented on the most with the rest of questions of lower interest. The majority of respondents supported both long-term aspirations and short-to-medium-term action points presented under each theme while making additional suggestions. A more detailed summary of findings follows below. 

Chart 1 (number of respondents per theme)
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SUMMARY OF FINDINGS

Theme 1: Maintaining and Developing the Excellence of the Science Research Base
· Generally, the state of the Scottish science research base was thought to be very good.

· However, it was felt that the diversity of the research base needed to be recognised more: whilst it is indeed largely higher education institutions (HEI) based, further education institutions (FEI), museums, libraries, charities, research institutes (RI) and business research and development (R&D) should be included more explicitly in any future strategy.

· Many respondents reflected on the composition of the research base required to maximise economic, health, social, and environmental benefits. With few exceptions, the prevailing view was that a balanced mixture of both basic and applied research needed to be promoted. Applications of blue-sky research are difficult if not impossible to foresee or as one consultee put it: “Enterprises are unlikely to have funded Einstein” (76: Acad).

· In order to improve and develop the Scottish research base, many respondents suggested a considerable increase in funding was necessary both for basic and applied research. This would ensure that money was not spread too thinly.

· A majority was adamant that the UK-wide Research Assessment Exercise (RAE) 2008 needed to recognise intellectual property (IP) and patent activities as well as interdisciplinary and applied research.

· Many recommended the creation of networks and clusters as well as centres for excellence to maximise cross-sectoral synergies, and create critical mass.

· Respondents underlined the importance for the Scottish research base to be fully connected with (in this order) UK, EU, US and Asian markets both in terms of research collaborations and funding opportunities.

Theme 2: Enhancing International Connections and Capturing Overseas Investment
· Many consultees considered the orientation of theme two (as of the consultation document in general) as too academic: instead of involving the whole science base, it focused unduly on HEIs. 

· Action points were viewed laudable but too vague.

· Scottish Development International
 (SDI) was generally applauded. As one respondent put it: “the right SDI person on the ground can open up Scotland to investment” (82: Indiv).

· Collaborations and networks should be focussed around particular topics –faster results are produced where people and skills are combined around topics not geographical areas (9: Comp).

· A recurring view was that Germany should not be singled out as an important international connection. Instead, respondents felt that the Scottish research base should tap into EU funding more generally. It was felt the document lacked ideas regarding the competition from Eastern European countries. It also lacked “any thoughts on better means of engaging with Europe in the whole of the research base” (58: SAdvB).

· Many suggested attractive packages for young researchers (better salary and improved career prospects, cheaper housing, favourable tax regimes, easy access to visa). 

· Better coordinated and more easily accessible funding schemes would attract students, PhDs, post-docs to come to Scotland. 

Theme 3: Intensifying Knowledge Exchange between Academia and Business
· It was felt that the term ‘academia’ was too narrow and used too exclusively as it seemed to cover HEIs primarily. It should be replaced by wider terms such as ‘research communities’. The headline could then read ‘research and business communities’ or ‘research communities and public and private sector organisations which make use of science’ (e.g. 58: SAdvB). 

· Research-business exchange was assessed to be fairly poor due to the difference in working cultures and attitudes to risk taking. Respondents agreed widely that a cultural shift was required. Such shift could be encouraged through a number of initiatives: reward structures for knowledge transfer should be put in place; business training should be integrated in science courses at universities; fellowship and short term placement schemes should be promoted and expanded to encourage exchange of staff between industry and science base.

· Both research push and business pull needed to be accounted for and responded to in the final strategy both ideally (through promotional activity etc) and physically (through structural changes, funding). 

· A shared view was that the understanding of knowledge exchange needed to go beyond the traditional model of a novel idea leading to an innovative product, which  was emphasised throughout as an outdated model. 

· It was agreed by most respondents that both aspirations and action points were too introspective or Scotland-oriented; instead, comparison should be sought with Scandinavian countries, above all Finland, Sweden, and Denmark. 

Theme 4: Expanding Business Innovation
How to build a more pervasive culture of innovation was the overarching question under this theme. Responses included the following suggestions: 

· financial support or tax breaks to SMEs 

· reduce risk and expenses to investors 

· capitalise new EC Guidelines that recognise ‘Young Innovative Enterprise’ status as eligibility criterion for state aid – “this will enable member states … to provide extra funds like tax and other financial incentives to their young … companies without running into trouble with EU competition rules” (10: EconAssoc) 

· thorough evaluation of existing funding schemes and investments such as Business Enterprise Research & Development (BERD), Intermediary Technology Institutes (ITI), and Scottish Funding Council (SFC) Knowledge Transfer funding streams
· clustering of expertise 

· ensure that good ideas reach the market – “too many ideas are left in a garage or wander abroad” (85: Indiv)

Theme 5: Modernising Science Education and Promoting Science Careers
· Theme five was generally agreed as the most important of all seven themes. It received a total 59 responses. 

· The Curriculum of Excellence was welcomed throughout and that it was recommended that it should be kept under continuous review.

· A general view was that Scotland needed more science teachers as well as technical support staff both in primary and secondary schools. It was recommended that funding for science teachers should be ring-fenced. Both teachers and support staff should be offered the opportunity/ should be obliged to for continued professional development (CPD) on a regular basis.

· It was felt that science teaching at schools needed to be more experimental and hands-on. It should include fieldwork and outdoor work. As one respondent emphasised the advent of target setting was counter-productive to this, as targets forced teachers to focus on the cognitive domain which lead to an atrophy of the affective domain such as addressed through field work and experiments (80: Indiv). 

· Comparison should be sought with science education in other countries e.g. Sweden where after school science clubs prove to be popular or Finland where teachers are granted greater autonomy in choosing topics for the classroom. This in turn allows time for innovation to flourish in the classroom: pupils learn that risk taking is valuable, and failure is an intrinsic part of experimental processes, and how risk could be managed.

· A generally held opinion was that primary, secondary schools, science centres, museums, HEI and FEI needed to collaborate better, and it was recommended that such collaboration should be formalised through e.g. visits to science centres.

· Learned Societies should be revamped and made more attractive to pupils and young people generally.

· The importance of up-to-date career advice was stressed as it is here that pupils (and perhaps more importantly their parents) as well as undergraduates are made aware of available science career choices. 

· The balance of opinion was that science careers needed to become more attractive –the currently low pay nature, low job security as well as short term contracts compared with industry make research an unattractive career for science graduates.

Theme 6: Increasing Public Engagement with Science 

· A call was made for strong involvement for arts, humanities, and the social sciences to provide a bridge to science.

· Citizens need to receive information, to understand the ways in which science work, to be able to ask questions and make informed choices. At the same time, a recurring view was that public engagement (PE) is not only about education and awareness raising. Instead, citizens needed to be more actively involved in science policy processes, that is, from research priority setting through to risk assessment. One respondent suggested that many lessons could be learned from Denmark and Finland where citizen-driven innovation was allowing successful competition (53: NDPB).

· It was felt by one respondent that the document lacked appreciation of the complexities of genuine engagement, which needed to include openness to transformation on both sides, i.e. both by researchers and the general public (21: Acad).

· A few consultees thought PE initiatives needed to be better coordinated whilst ensuring diversity of activities. 

· A call was made for secure long term funding for Scotland’s science festival and science centres which were considered excellent public engagement platforms. Additionally, it was stressed by one consultee that industry should have outreach programmes too.

· Several respondents emphasised that better reward and recognition structures needed to be put in place for PE activities and careers (also in RAE context) to encourage the science research base to commit to PE. 

· In this context it was considered crucial for scientists to learn how to communicate effectively.

Theme 7: Developing Better Use of Science by Government
· In order to develop the use of science by government the suggestion was made to encourage secondments from industry/research base to the SE and vice versa.

· Further, some respondents felt greater transparency in the process of evaluation and evidence gathering would be helpful.

· It was regretted that most political leaders and civil servants did not have science backgrounds. To remedy this, civil servants needed to be exposed more to science knowledge transfer through e.g. training courses for scientists and policy makers. Also, existing science events should be better attended by MSP and civil servants.

· Ideas to improve the use of science by government included the establishment of structures that allow for periodic review of policies in the light of latest science developments; the development of a data base of policy relevant research with feedback mechanisms for researchers. 

· The RAE should encourage policy engagement of academic researchers.
· A Scottish equivalent to the Parliamentary Office for Science and Technology (POST) should be set up. 

CHAPTER ONE
BACKGROUND TO THE CONSULTATION AND CONSULTATION PROCESS

The Consultation

The Scottish Executive consultation on “Science and Innovation Strategy for Scotland” ran from 2 October 2006 to 5 January 2007 as a follow-up to the 2006 Science Strategy Progress Report. The consultation was intended to inform plans for a future Science and Innovation Strategy in 2007 as a refreshed version of the 2001 Science Strategy. It was launched by Nicol Stephen, the Minister for Science under the last Scottish Government (Deputy First Minister and Minister for Enterprise and Lifelong Learning) on 2 October 2006. In total, around 400 hard copies of the consultation paper were distributed to a wide range of research organisations, business associations and companies as well as relevant organisations in the public, private, and voluntary sector. Hardcopies are available through the Office of the Chief Scientific Adviser for Scotland (OCSA) at the Scottish Executive. 
The consultation document comprised 28 pages. It set out the background and policy context to the consultation, as well as its purpose and aims. It had been developed with guidance from a group of stakeholders including the Scottish Science Advisory Committee, Scottish Enterprise, Scottish Funding Council, Highlands and Islands Enterprise, as well as relevant divisions within the Scottish Executive. It was intended to encourage debate and discussion, and was specifically not developed as a draft strategy with firm policy proposals.
Views were sought on seven themes: 
1) Maintaining and developing the excellence of the science research base; 
2) Enhancing international connections and capturing overseas investment; 
3) Intensifying knowledge exchange between academia and business; 
4) Expanding business innovation; 
5) Modernising science education and promoting science careers; 
6) Increasing public engagement with science; 
7) Developing better use of science by government. 
Each of the themes included a section on long term aspirations and short to medium term action points, which were invited to commentary and additions. As a possible structure to the responses, ten questions were set up in relation to each of the themes, as well as two general questions which invited respondents to comment on general issues, structural suggestions or missing topics. Most consultees choose to respond to a number of themes only. Some opted to send free text responses, whereas others followed the questions listed in the document. 

Overall, responses were wide-ranging, detailed and based on professional and personal experience in Scotland and beyond. Whilst they did not always add novel ideas to the suggestions in the consultation document, several responses provided a depth of comment and conceptual critique that can inform a future science strategy. All individual responses have been made publicly available on the Scottish Executive website unless respondents specifically requested otherwise. Copies of full non-confidential responses can be accessed on the Scottish Executive website under http://www.scotland.gov.uk/Topics/Business-Industry/science/16607/scienceconsultation.
Distribution and advertising of consultation document

In total, over 350 copies of the consultation paper were distributed to relevant institutions such as research institutes, Scottish universities, further education colleges, advisory bodies and committees, SMEs, companies, business associations, trade unions and educational bodies. Further documents were also sent to all parliamentary committees. Taking into account requests from individuals and other interested parties, during the course of the consultation over 400 hard copies were distributed. Additionally, copies were available for download from the Scottish Executive consultation website, where the consultation was made available on 2 October 2006. There was some press activity on the consultation in the context of the Science and Parliament event 1 November 2006, which generated good press coverage (cf. also http://www.scotland.gov.uk/News/Releases/2006/11/01134459). Hard copies were available at this and other events run by the Office of the Chief Scientific Adviser during the consultation period. 

Who were the respondents? 

The consultation attracted responses from a wide spectrum with an emphasis on academic institutions, professional associations, and individuals. Respondents from business associations, educational associations and NDPBs were evenly spread. No obvious gaps emerged. Non-confidential respondents could be grouped into broad categories such as academic institutions (incl. colleges) and Higher Education associated units, business and economic associations, companies, educational bodies and associations, individual responses, science advisory bodies, NDPBs and agencies, pressure groups, professional associations, research council bodies and research funders, research institutes and associations, as well as trade unions. A full list of non-confidential respondents is documented in Annex A. The consultation received a total number of eight confidential responses, both from individuals and organisations. For a breakdown of respondents according to groups see Chart 2 below. 
Chart 2
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Nature of responses

The volume of responses (86 in total) was good given that the science strategy consultation was a broad rather than a single issue document. It attracted responses from all key stakeholders. With few exceptions most comments tended to be in each institution’s or individual respondent’s area of expertise. There was evidence of some respondents putting effort into widening the consultative process by including comments from relevant workshops and by discussing questions at group meetings. Overall, the responses to the consultation were comprehensive, detailed, based on professional and personal experience in Scotland and beyond. With a few exceptions, the general mood was one of welcoming a new Science Strategy, in particular in combination with a focus on innovation. 

CHAPTER TWO

APPROACH TO ANALYSIS

Although questions for considerations were set out in the Consultation document (p. 6) many respondents chose to provide free text responses as well as commentary on issues raised in other sections of the document. This required a systematic approach to collate and order all responses for analysis. 

Analytical Framework

An electronic Excel database was used to organise responses and assist the analysis. This database allowed the storage both of free text responses and Yes/No comments. The fields used to record the material were based on the seven themes (one theme per Excel worksheet) and the ten general questions set out in relation to each of the themes (one row per question). Rows were added for commentary on questions eleven and twelve as well as general commentary in relation to each of the themes. An additional worksheet was added to accommodate general comments on the consultation as a whole. The result was a comprehensive list of fields which formed the headings for the consultation database of responses. 

Naming Respondents

Where similar views were expressed by a small number of respondents, each of the consultees is referenced in brackets. However, where similar views were expressed by a larger volume of respondents, in the interest of practicality, only a few examples of those responding are documented. 

The convention adopted for this report has been to preserve anonymity of respondents by attributing their comments and quotes to the grouped respondent category (see below for abbreviations) to which they fit along with the addition of a unique reference number within that grouped category. The terms used to describe the grouped categories of respondent are as follows:

Academic institutions (incl. colleges): 
Acad
Business and economic association/ forum: 
EconAssoc

Company/ Business: 


Comp

Educational body/ associations: 
EducB

Individual responses:


Indiv

Non-departmental public body/ agencies: 
NDPB

Pressure group: 


PressG

Professional body/associations:
ProfB

Research council body/ research funders:
Res
Research institutes/ associations:
RI

Science advisory body:

SAdvB 
Trade union: 



TU
Quantitative Material

Although much of the analysis was based on descriptive free text, there was a limited scope for quantitative analysis, in particular in relation to questions one (“Do you agree with the long term aspirations”) and two (“Do you agree with the short to medium term action points”). Generally, this involved counting the number of total respondents per theme, and within this group the numbers of respondents holding particular views, i.e. Yes/No responses in relation to the two questions. However, given the open nature of the consultation document which did not require respondents to provide a comment on every issue, theme, and question, quantification was not appropriate beyond that. In addition, it should be noted that any statistics quoted here cannot be extrapolated to a wider population outwith the consultation population.  

Factual Accuracy

The views presented in this report have not been vetted for factual accuracy. The opinions and comments submitted may be based on fact, or indeed, on what respondents perceived to be accurate and factual. The report may therefore contain responses which may turn out to be factually inaccurate, but which nonetheless reflect perceptions held by the respondents and therefore needed to be included in the analysis. 

Overview

The following chapters document the substance of the analysis. The structure is to present first the main issues as stated in the consultation document followed by arguments and recommendations contained in the responses. Each chapter concludes with a summary of findings. The chapters follow the seven themes and the issues raised in them. Chapter Eleven takes an overview of the arguments in a discussion of findings, Chapter three looks at the use of terms in the consultation document and recommendations for conceptual clarification.  

CHAPTER THREE

CONCEPTUAL COMMENTARY

Defining the terms “science” and “innovation” the consultation document stated:

We do not intend to limit the terms “science” or “innovation” in future strategy to a particular set of disciplines or areas of the economy. “Science” should therefore be taken to include all activity in the pursuit of systematic knowledge which benefits, or is likely to benefit, the economy or society in some way. Similarly innovation should be taken to include all activity that is designed to introduce new products or processes, including those in the service sector. 

The proposed definitions as well as other terms attracted a number of comments. Many respondents felt that prior to a finalised strategy terms such as ‘excellence’, ‘science’, ‘innovation’, and ‘science nation’ needed conceptual clarification. Comments are summarised in this chapter.

Excellence

Some respondents felt the term ‘excellence’ (of the science research base) needed to be defined more clearly (A14: ProfB, A51: Indiv). For instance, is it understood mainly in a theoretical sense relating to excellent blue sky research or does it also take account of practical applications of research? And what is its relationship with competitiveness (of Scottish science)? One respondent felt excellence should be the criterion for all science research. Competitiveness follows, it never is an end in itself (25: Indiv). 
Further, how is the standard of excellence to be assessed? It was stressed that any future strategy document needed to clarify how competitiveness and excellence are to be measured. The use of incremental metrics was suggested. Outcomes, purposes, outputs and activities can be set out in a matrix against indicators, evidence and assumptions. It was added that such a logical framework could also provide an appropriate structure for presenting the components of the strategy (58: SAdvB). 

Science 

There was some disagreement regarding the definition of ‘science’ proposed in the consultation document (cf. above). 

Whilst some felt it was too broad, therefore potentially confusing, as it included fields such as engineering and technology (e.g. 12: EconAssoc), others underlined that it was a good and inclusive definition, and that indeed ‘science’ needed to cover all STEM subjects (e.g. 55: EconAssoc). Many welcomed that the definition of science had been expanded from the 2001 document, and that it included all activity in pursuit of systematic knowledge to the benefit of economy and society. It was emphasised that a wider definition needed to be maintained in practice, as it would facilitate arts/science synergies to the benefit of Scotland’s economy, its science base, and its culture (77: Acad, 78: Acad, 87: Acad).

Against this, a considerable number of respondents was worried that the definition was not broad enough as it did not mention basic research (16: PressG) and above all the social science research into science and innovation in Scotland (e.g. 64: ProfB, 74: Acad). The concern was that the contribution of social science disciplines to society and economy did not receive equal recognition either in the definition of science proposed above or throughout the document. Also, whilst the document seemed to suggest that ‘science’ goes beyond STEM subjects, it was felt that no attempts were made in the whole document to describe how far the scope of ‘science’ extended (76: Acad). “In particular the definition of ‘science’ would appear to refer to the natural sciences and technology and exclude research in the arts and humanities and social sciences. Similarly notions of innovation would appear to be confined to narrow configurations of research and development” (46: Res). Terms such as ‘science’ (but also ‘innovation’) should be considered holistically, as going beyond a particular set of disciplines or areas of the economy, seen as underpinning all future activity of the Scottish science base (58: NDPB).

Innovation

Whilst it was generally welcomed that innovation was included in the document, the proposed definition received numerous criticisms. Most respondents felt the definition of ‘innovation’ was too narrow, too traditional, or not clearly enough defined. An overview of responses is listed below.

· Innovation needs to be better defined: What does it mean? Why it is important? What are the real drivers of innovation? (68: EconAssoc)

· The consultation document shows a very traditional approach to innovation (40: NDPB). It should be extended beyond technology and R&D to include investment, the arts, culture, and all forms of innovation and creativity (14: Char, 78: Acad). It should further include all aspects of scientific and commercial innovation e.g. specifically including innovations in marketing and organisational innovation (e.g. business models) as well as service and product development (56: NDPB)

· The document sees innovation in a market context when in reality it is an often lengthy and costly process embedded in cultural processes. 
· The document does not address innovation in the service sector, or processes of innovation relevant to the creative, cultural, and heritage sector such as innovation in the digital content sector –”The document therefore seems to present an impoverished vision of the available research and of the areas of commercial and of civic life in which Scotland has considerable strengths.” (46: Res).

· A too narrow definition of innovation (as used in the consultation document) can be a barrier to industry utilisation of current funds for product development. “For example, SMART
 and SPUR+
 have enabled a significant number of Scottish life sciences companies to further research and development in specific innovative areas; however, they cannot be used to offset clinical trial costs. ... A broader definition of innovation may allow the offsetting clinical trial costs to progress product development under current government funding initiatives.” (10: EconAssoc). 

· “An innovation strategy for Scotland is no different to that of any company. It must generate ideas, develop products and find or generate markets for these.  (…) Although the current system broadly recognizes this, there is insufficient integration of delivery mechanisms and agencies” (50: Indiv).

Science-innovation-relationship

A few comments were made regarding the relationship of science and innovation. One respondent felt that the science base was only one component of Scotland’s innovation ecosystem, and that therefore innovation policy should not be synonymous with science policy. A real innovation strategy for Scotland should encompass its full range of innovation activity. Innovation policy needed to develop from a focus on science and technology to support the full range of innovation in the UK. “A modern Scottish innovation strategy will seek greater clarity regarding the outcomes of innovation (rather than just the outputs) determined by what Scotland wants from innovation rather than focusing on innovation as an end in itself” (40: NDPB). Another respondent recommended having an increased analysis on the role of business in science and innovation (19: ProfB). Another view was that “overall there did not seem to be a balance between science and innovation within the consultation document with much more emphasis on science than innovation” (33: Acad). Against this, another consultee underlined that the primacy of science needed to be acknowledged in the science/innovation relationship since successful companies depended on primary science research findings (74: Acad).
Science nation

Whilst most respondents accepted the term without commentary, some remarked it lacked definition. Two respondents felt rather strongly that it was an inaccurate description of what was aimed for. It was seen a “vacuous concept” (14: Char). Another respondent saw “nothing whatsoever in this document that would make Scotland a science nation”. Instead, it was felt that the proposed activities “involved increased bureaucracy, preconceived notions of what is good and useful science, surveying, carrying out impact assessments and planning. It is inimical to good science and to original thinking” (82: Indiv). Another view was that ‘science nation’ is a cultural matter and requires a complete re-think of how we value science: the respondent wished it would be more like in the Victorian period where there was popular interest, wonder and excitement about science (24: EducB). 
Who is ‘we’ in the document?

Many respondents felt it would be of benefit for the future strategy and its success to define the ‘we’ used throughout the document. It was considered crucial to define ownership over delivery: Who does ‘we’ refer to? For instance, does the Executive achieve buy-in from research organisations? Or is ‘we’ the Executive alone? Who is going to deliver? (68: EconAssoc, 46: Res, 78: Acad). 
Further, intended audiences for aspirations and action points should be made clear (58: SAdvB). The Scottish Executive and its agencies will clearly have central roles, but other players will also be important, including the UK Research Councils and the business community. It was, therefore, seen to be essential that the strategy to emerge from this consultation is written in terms that will inspire these other key stakeholders, and attract their support. 
CHAPTER FOUR

THEME 1: MAINTAINING AND DEVELOPING THE EXCELLENCE OF THE SCIENCE RESEARCH BASE

Theme one set the scene for a consideration of the state of the science base in Scotland, its contributions to the areas of education, health, and economy, and how the current state could be both maintained and developed. The theme identified several key issues such as research funding, the research areas required in Scotland, the need for connectivity (both between Scotland and the UK as well as internationally). These issues were addressed by around 60 per cent of all respondents covering the whole range of organisations and expertise. Comments were thorough and greatly detailed. 
In general, respondents were happy with the direction suggested in the theme, yet some felt the document interpreted ‘research base’ too exclusively as HEI-based research. They emphasised the need for an institutionally diverse research base, a balance of applied/ basic research, and both centres of excellence and parallel research. 
Respondents suggested under this theme that Scotland needed 

· An institutionally diverse research base, 

· A balance of applied and basic research, 

· Centres of excellence  parallel with individual research institutes,

· Increased research funding, 

· Security of funding,

· Well-established and secure connections with UK, European, US, and Asian research centres (cf. chapter five). 

The consultation paper stated:
1. Scotland’s science research base is excellent in many areas. But we need to grow more areas of excellence, and ensure that we are set on an upward track over the next 20 years and beyond. We need to ensure that funding is delivering a base of international reputation, and one that is ready to seize opportunities as the science and innovation agenda shifts. (…)

2. Against a backdrop of strongly increasing global competition in science we need to maintain and develop the competitiveness of the Scottish science research base, in order to attract investment and gain maximum economic and social benefit. To help meet this challenge the Executive and UK Government have increased investment in science and research very significantly in real terms in the last two spending reviews. However, in a country of Scotland’s size, there are inevitably questions about the balance between funding for basic, “blue-skies” research, and targeted funding for strategic purposes. Similarly, there is a debate about how far funding should be concentrated on the very best research departments, or spread more thinly to ensure promising research is fostered. In Scotland, university research funding has been less concentrated amongst the highest rated departments than in England. We already have a number of promising initiatives that encourage university partnership working, which take advantage of Scotland’s relatively small size, and this needs to be further developed. The appointment of a Chief Scientific Adviser for Scotland in 2006 will help to co-ordinate such developments.

We need to:

· Ensure that following the next Research Assessment Exercise in 2008, funding for university research is allocated in a way that enables excellence to be maintained and developed. 

· Be able to identify and fund research opportunities that have prospect of delivering excellent economic, social and environmental benefits. 

· Develop excellent horizon scanning for new opportunities, 

· Continue to support the strengthening of strategic linkages and synergies between the various parts of the research base, and to develop a consensus on how best to achieve this.

3. Scotland has an excellent reputation in several areas of science, including those where there is likely to be significant growth and economic impact, such as e-science, drug discovery and nanotechnology. While the original science strategy proposed developing clearer funding priorities around such areas, in practice it has been difficult to establish a consensus amongst stakeholders about which areas should be targeted in this way.

We need to:

· Have a flexible approach to recognising and funding such opportunities 

· Develop the promotion of the particular strengths of the Scottish science research base alongside this, in order to attract investment from outside Scotland, and to forge new strategic links with international science.

4. The Executive fully supports the UK Government’s Science and Innovation Investment Framework 2004-2014 and Next Steps reports. The Government’s intention is to increase investment in science by at least the rate of annual GDP growth. This should benefit Scottish science greatly, given that our share of Research Council spending has averaged around 12per cent of the UK total.

We need to ensure that:

· We continue to play strongly into UK funding priorities 
· UK funders appreciate the strengths of the science research base in Scotland as a valuable resource in UK terms 
· The science research base here continues to make strong collaborative links with that in the rest of the UK 
· Public agencies in Scotland work with the UK Government to implement the Science and Innovation Investment Framework: 2004-2014 and Next Steps
This chapter is structured to present general comments on the issues brought up in theme one (4.1.), followed by responses to long term aspirations (4.2.) and short to medium action points (4.3.). Additionally, a number of policy issues were flagged (4.4.) and about one third suggested effective ways for performance measurement (4.5.). 

4.1. GENERAL COMMENTS 

General commentary was separated into views relating to the current state of the Scottish science research base, research funding including RAE 2008, the kind of research and research areas that should be promoted, the relationship between research and innovation, as well as research collaborations and synergies within and beyond Scotland. The analysis of each is presented below. 
The Scottish science research base

Views ranged from praising the significant strength of the Scottish research base in particular in relation to its population, its improved integration, and its future promises (49: EducB, 5: Indiv, 8: EducB, 19: ProfB, 59: NDPB, 64: ProfB, 65; Char, 71: Acad, 74: Acad, 75: Acad, 76: Acad, 78: ProfB) to deploring its still prevailing poor co-ordination which leads to a lack of critical mass (2: Acad; 49: EducB, 56: NDPB). 

A common concern was that the Strategy focused too exclusively on HEIs. Whilst some thought that a large part of Scottish research was indeed undertaken in universities (28: Indiv, 73: TU) other commentators underlined the diversity of research: it was charity-based and -funded (17: Res), located in research institutes (47: TU) or public bodies such as museums and libraries. Museums especially needed to be recognised as reputable research base and should be eligible to apply for funding streams that enable such research (42: NDPB). 

Research funding

In line with this it was remarked by one respondent that UK funding is still very university focussed, and mainly managed from England, not always with Scottish interests in mind (28: Indiv).  

It was felt that the need for adequate re-sourcing and funding should be highlighted (58: SAdvBod). The R&D budget was seen as an easy target for any funding cuts; it was therefore important that the research base within Scotland was protected, and that funds for blue-sky research were ring-fenced. 

Another respondent underlined the general need for an increase in funding which matched the increase in quality as measured by the RAE. Concern was expressed that important areas of research might not be identified where the emphasis for funded projects is on application and economic exploitation. A research funding stream was recommended that would fund the basis of research activity in all university departments therefore allowing the development of innovation without the strict criteria applied by funding councils (73: TU).

It was also underlined that all science research and scientific creativity involved the risk of results that can not be translated into products or applied further in processes. What is required therefore is the willingness of funding agencies to accept such risk, yet also to identify the right areas, where risk will be minimised, when funded at the right level (34: Acad). 
How should funds be spread?

The majority of responses were in favour of increasing funding in particular to match or exceed inflation (58: SAdvB). Research funds should be concentrated. Available money should not be spread too thinly: striving for broad general excellence will only guarantee mediocrity, as one respondent put it. As a relatively small nation, Scotland needed to concentrate on areas of existing strength or where there is potential to become world-class (34: RI, 75: Acad, 76: Acad, 79: Comp). 

However, one respondent felt that picking winners was a vulnerable strategy and that it was important to maintain a broad capability across all subjects in order to be able to identify, and take advantage of, developing technologies (78: Acad). This was supported by another view that funding should be prioritised on the basis of economic benefit, followed by scientific excellence, and social benefit. It was felt that a concentration on too few sectors is very high risk and should be avoided unless reliability of economic forecasting model is very high (83: Indiv). 

It was emphasised that any funding exercise should be preceded by a horizon-scanning exercise so as to avoid duplicating work done UK-wide. Scanning and mapping exercises would also help to determine whether there is synergy with existing and emerging strengths in Scotland (74: Acad). A horizon scanning think tank of leading experts should be established (5: Indiv). 
RAE  2008

As far as RAE 2008 is concerned some respondents emphasised the need for the inclusion of applied and cross-disciplinary research as well as IP and patent activities (10: EconAssoc, 23: Acad, 25: Indiv). It was felt that RAE must give higher weighting to practical relevance and innovation. Currently, it encourages peer esteem not excellence that offers economic, social and/or environmental benefits (51: Acad). An additional call was made for the inclusion of infrastructural requirements as they are necessary support for Scottish research areas – this includes IT, administration, and research support services (17: Res).

What kind of science research should Scotland have? 

Basic and/or applied research?

Most respondents were concerned with what they perceived to be a general downplaying of basic research by funding bodies. They considered it the seed from which discoveries grow. Since core basic science disciplines such as chemistry, biology, physics, engineering were not mentioned in the consultation document, one respondent felt the need to point out that “Scotland will not discover new drugs if it does not have any researchers who could reasonably be described as chemists or biologists” (16: NDPB). This went hand in hand with the view that researchers needed to be able to follow their instincts: new money should not be tied up with too specific and economically targeted projects (29: ProfB). As one respondent put it, “applications of blue-sky research cannot be foreseen - enterprises are unlikely to have funded Einstein” (76: Acad). Since curiosity driven research is long-term in its nature more money needed to be invested here (5: Indiv, 29: ProfB, 51: Acad). Against this, another view was that all research needed to be economically relevant (28: Indiv). 

However, in general, respondents favoured a balance of basic and applied research as suggested by the Consultation document. It was emphasised that funding needed to be ensured for the science base across its range of issues (25: Indiv, 56: LSoc, 76: Acad). In particular, long term research as related to the environment which is unlikely to attract commercial funding, should receive public funds. Drug discovery on the other hand could attract more easily private sector funding, hence does not require the same level of attention by public funding bodies (45: TU). It was thought that direct reward systems for industry-collaborative research and ring fencing blue sky research money might help getting the balance right. 

Parallel shops or one stop shop?

It was commented that parallel research shops had advantages versus one-stop-shops or centres of excellence. As it was put by one respondent, “Competing groups and differing personalities or views can often drive research forward in surprising ways” (37: Indiv, 28: Indiv). Similarly, another voice suggested that networks of excellence and centres of excellence were both needed to further innovation in Scotland (58: SAdvB). It was also emphasised that research diversity provided wider opportunities for collaboration with business, policy-makers and society as a whole (78: Acad). 

However, one supporter of centres of excellence suggested that The Scottish Executive, Scottish Funding Council, Scottish Enterprise, Highlands and Islands Enterprise and the Research Councils should invite and support proposals for new integrated structures that would lead, where appropriate, to the creation of Scottish centres of scientific excellence. Such centres would allow to focus on globally-competitive areas of science, promote strategic cross-sector collaborations and encourage high-risk, high-reward activities thus optimising the Scottish science research base (63: SAdvB, 67: Acad)
Which research  areas? 

In agreement with the consultation document sustainability and health were considered the most important research issues for Scotland and should be made locally relevant (34: RI, 57: NDPB, 5: Indiv, 51: Acad). Another view was that investment in renewable energy, opto-electronic and nanoscience sectors should be promoted (29: ProfB, 57: NDPB). Energy was considered a sector where Scotland has the potential to become a world leader both in ‎the science and technology. A scientific network of excellence in energy should be established in Scotland and this should play a major ‎role in the UK DTI programme, and that Scotland should ‎bid to lead this programme (63: SAdvB). It was felt that any initiative that promoted, valued and supported truly inter-disciplinary research would generate both short and long-term benefits for Scotland, and for the Scottish research community (57: NDPB). One respondent warned that Scotland should avoid the trap of investing in fashionable science only (83: Indiv). 
How should research and innovation be linked? 
Future science and innovation developments are unlikely to remain within the current sectoral and discipline boundaries (24: EducB). Therefore, research departments should have more structural mechanisms in place which allow them to exploit their research in industry. For academics, business involvement can be made difficult due to a lack of market knowledge. Here, a better infrastructure that allows for academia-business knowledge transfer can help overcome these hurdles (29: ProfB). Further, structural mechanisms should be put in place that enhance connections with government departments and the broader stakeholder community thus ensuring that scientific findings are fully utilised within Scotland (58: SAdvB). The Scottish Funding Council’s Knowledge Transfer grant is one of the best tools for the encouragement of such collaborations, and should be expanded in its funding and remit (78: Acad). It was emphasised that such connections needed to include UK and International priorities: for Scotland’s innovation to prosper the dissemination of outcomes must take place at all these levels (67: Acad). Additional, a view was that research networks should be rewarded which contribute to excellent social, economic and/or environmental benefits (51: RI).

Linking Scottish research internationally

Most respondents considered Scotland’s connection with the UK as well as EU countries as foundation of any development of the science research base. A science strategy needed to ensure that the Scottish science base is fully connected to UK funding bodies, and valued by them. In addition to alignment with the rest of the UK, engagement with other European countries and particular regions should be a high priority (78: Acad). As one respondent put it, “In a global economy, potential investors from abroad will tend to view the UK as a whole rather than as individual regions” (9: Com). To this end, it was considered helpful to pinpoint where exactly Scotland fits into UK research base: “The strategy needs to explore more fully the Scottish research base’s relationship with other UK research organisations” (46: Res). In line with this, another commented that the Scottish Executive should determine what role it wishes its research institutes to play both in Scotland and as part of the wider UK and European research base (A54: RI). Also, Scotland needed to be more aware of international development. Such awareness-raising should be included in the long term aspirations (34: RI). 

In contrast, one respondent lamented that research agendas were not enough focused on Scotland’s best interests, and too UK driven: “In some areas it may make sense to transfer either ownership or funding control over research council activities in Scotland to the SE or a body reporting to the Executive”. The consultee felt that such separation could open up greater opportunities for collaboration in Europe –if this is to Scotland’s best interest (15: Indiv). 
4.2. RESPONSES TO LONG TERM ASPIRATIONS   

The consultation stated four long term aspirations: 
1) Maintain and develop excellence in the Scottish science and research base and ensure that it remains globally competitive; 
2) Continue to promote Scotland as a “science nation”: a world-class location for science and research and development, with productive international education and research links in both existing and new markets; 
3) Continue to develop our ability to identify new areas of scientific opportunity or strategic importance to Scotland’s economy and society; 
4) Develop strategic investment in research, in particular: to generate beneficial collaborations across the science research base in Scotland and with overseas partners; in emerging areas where Scottish science has the potential to be world leading; and to inform policy making where scientific evidence can play a significant role. 

These four aspirations were met with general agreement by 26 respondents. One respondent disagreed, another felt there was a considerable leap between long term aspirations and short to medium term action points. One additional aspiration was suggested: “the importance of ensuring that research and investments are consistent with sustainable development” (46: Res). Another felt that statements such as “Scotland as a science nation” were insufficient in themselves. To be truly a science nation everyone must recognise the importance of science and understand its place in the economy: “A major marketing exercise is needed within Scotland as well as abroad” (60: EconAssoc). 

The following two paragraphs present the responses to the aspirations in summary; the focus is on the suggestions for general development of the aspirations.
Some felt the aspirations should include Scotland’s commitment to delivering economic, social, and environmental benefits through its research: these benefits should be the yardstick of progress and excellence (51: Acad, 15: Indiv). In this context it was emphasised that environmental sustainability should be given equal weighting with economic development (58: SAdvB). To this end, Scotland should be more selective in its aspirations and concentrate on those areas where there are likely to be major benefits to Scotland’s economy and people. However, one respondent added that economic criteria should not dominate long-term considerations (14: ProfB). Further, the strategy should focus on the particular needs and challenges of Scotland: There are many areas where Scotland is facing problems specific to its environment and climate: e.g. how to manage the large carbon reserves stored in Scotland’s peat systems (57: NDPB). These comments tie in with a more general concern about science as an end in itself rather than the means to an end: the science strategy should focus on the potential products of science –what Scotland wants its science research base to deliver. Science does not exist for its own sake but as an engine for societal benefits and development (51: Acad). A future Science Strategy should be committed to priorities for research such as health, wellbeing, long-term stability and societal cohesion, reduction of disadvantage and inequality, fuller social and political participation, environmental preservation (14: ProfB). 

In response to aspiration four, comments related to Scotland’s connection with the wider UK and international research communities. Instead of focusing “on collaborations across the science research base in Scotland” the importance of collaborations with the UK should be emphasised (34: RI). Strategic investment should not only be developed but increased (65: LSoc). 

4.3. RESPONSES TO SHORT-MEDIUM TERM ACTION POINTS

The consultation stated seven short to medium term action points, which were answered by sixteen respondents. Twelve respondents generally agreed and four disagreed. Most respondents felt the action points were still too aspirational, and not enough focused on outputs (9: Comp, 58: SAdvB). One respondent thought there were too many points and that a timescale would be helpful (38: RI). 

The following paragraph is structured to present the responses to action points one and two, which were addressed specifically. 

1) Encourage further research pooling, and other strategic research funding initiatives and collaborations across the science research base which build on Scotland’s research reputation 

Action point one in support of further research pooling was strongly supported in order to achieve the critical mass that is so attractive for overseas investment (10: EconAssoc, 14: ProfB, 38: RI, 77: Acad, 83: Indiv). As one respondent pointed out, internal competitiveness could be still contained under the generic banner of ‘University Scotland’ which in healthcare should be matched by NHS Scotland (56: NDPB). However, it was felt that firm suggestions with regard to initiatives and incentives that encourage more collaboration would be a useful addition to the strategy. 

2) Support the policy of full economic costing (FEC) of higher education research through the Executive, its agencies and non-departmental public bodies 

Action point two in support of FEC was perhaps the most controversially discussed.  Whilst most academic respondents felt FEC improved Scotland’s competitive position (74: Acad) and should also cover the Executive, its agencies and non-departmental public bodies (77:Acad), respondents from business and industry sectors expressed their doubts regarding FEC: it was seen as a slightly blunt instrument and “sometimes such a policy will kill a good idea that is short of data or short of senior management supporters” (37: Indiv). It was added, “If Scotland’s goal is creativity, innovation, and originality, we must allow for certain flexibility. Do not let us tie our own wrists so tightly in pursuit of the wrong sort of non-creative management.” In support of this, another respondent felt that FEC may give support to some Universities but had a detrimental effect on research communities as a whole: “To work fairly FEC has to be applied across the sector, and there is some indication that organisations may try to pitch the total costs below the true economic costs in order to have a competitive advantage when tendering for research contracts.” Charities should be included too (17: Res). Two respondents said there was evidence to suggest that some major research contracts have been lost as a result of FEC, and that it might hinder the take up of research by SMEs in Scotland (56: NDPB, 83: Indiv.) FEC was also described as having a negative impact on practical courses and animal research: “Preliminary studies are often essential to gain data for grant funding submissions. if researchers need to apply FEC for such studies there is a chance that they are less likely to occur, thus the chance of obtaining grant funding are less likely to occur” (10: EconAssoc).

4.4. POLICY ISSUES 

A number of policy issues were mentioned under this theme, which are detailed in this section. 

· Science career support: the loss of young scientists due to poor career structures needs to be prevented. Money needs to be pumped into real career advice for science graduates. More independent research fellowships and lectureships should follow (5: Indiv). The number of Research Council-funded PhD studentships should be maintained and a commitment made to clearing a proportion of student debt for successful and timely completion of a PhD programme (63: SAdvB) –cf. theme five.  
· Enhanced engagement of children and young people through 1) showing the importance of science in everyday life and the role it needs to play to find solutions to increasingly pressing problems such as climate change, waste control, home security; 2) career advice for both teachers and children that shows the diversity of opportunities for science graduates and how the knowledge content of science qualifications benefits innovation in Scotland 3) fostering understanding of science related industry - e.g. involve medical students more in the pharmaceutical sector (9: comp) –cf. themes five and six. 

· Vertical gender segregation: well qualified and experienced women are over-represented in lower grades, usually on insecure short term contracts through flexible working for men as well as women: a career break should not be thought of as only maternity break. It needs to include parental leave, caring leave, long term sick leave and mid-life gap year - the long hours culture must be discouraged as part of addressing sustainability and making it easier for talented women to return (61: NDPB) 
· Ageism: extend modern apprenticeships need to be truly age inclusive to facilitate mid life career change and to develop a skilled workforce to support the development of the excellent science research base, and to support innovation (61: NDPB)
· ‘Scottish Scientist scheme’: such a scheme would take in good graduates or postgraduates and would run them through a programme of 6-12 month placements in academia and industry. This would be linked to a guaranteed post at the end of a 2-3 year period and the entry level post took with it the expectation that satisfactory service would ensure a definite progression up the ladder. Ideally the scheme would move people back and forth between university and industry which would address issues around developing innovation and enterprise while developing a flexible and responsive professional workforce

· ‘Scottish Science Journal’ to promote science research and to connect research in cross-disciplinary style. It would seek to promote industry results as well as academic results (37: Indiv)

· ‘Scottish science shops’ as part of the science shops network (www.scienceshops.org) where scientific research in a wide range of disciplines is carried out free of charge on behalf of citizens and local civil society. As it states on the website, “The fact that Science shops respond to civil society’s needs for expertise and knowledge is a key element that distinguish them from other knowledge transfer mechanisms. Science Shops are often, but not always, linked to universities, where students conduct the research as part of their curriculum.” (41: NDPB). 

4.5. PERFORMANCE MEASURE SUGGESTIONS 

It was suggested that grant income levels, research publications, new businesses established, increased public understanding of science through increased engagement activities should be measured (5: Indiv, 38: RI). In order to track progress activities and inputs as well as outputs and impacts should be measured. Other measures include: international prizes, invited key note talks at international conferences overseas, level of collaboration (both ways) with recognised international groups and exchanges of personnel, high-tech inward investment with Scottish research groups; ability to attract leading international researchers; level of patent and licence (46: Res). 
CHAPTER FIVE

THEME 2: ENHANCING INTERNATIONAL CONNECTIONS AND CAPTURING OVERSEAS INVESTMENT

Theme two focused on Scotland’s existing and developing links with international science communities and important economies. Views were sought as to what should be done to strengthen and extend links in order to capture new investment in support of Scotland’s international profile and for the economic benefit of its population. Around 50 per cent of all respondents provided detailed responses to this theme with a focus on how to attract researchers to Scotland and make funds available for international scholarships, exchange and award programmes. A particular emphasis was placed on EU framework programmes: available EU funding should be capitalised. Respondents felt generally that the connectivity of Scottish science base needed to increase. Collaboration with European, Eastern European, Asian countries was considered of paramount importance. To enhance Scotland’s international connections, Scottish science and innovation success stories should be promoted as well as early career scientists and PhD students targeted through fellowship schemes, exchange programmes, tax regimes and reward structures. Largely, respondents drew on their expertise in companies, business or industry associations, economic development agencies, trade unions as well as academic and research institutions. 
Under theme two, respondents underlined the following issues:

· Increase connectivity of Scottish science base,

· Increase collaboration with European, Eastern European, Asian countries,

· Capitalise on available European Union (EU) funding,

· Promote and advertise Scottish science and innovation success stories,
· Target early career scientists and PhD students through fellowship schemes, exchange, programmes, tax regimes, reward structures.
The consultation paper stated three main issues: 

1. Science and research play a key role in supporting the Executive’s International Strategy, which is aimed at encouraging Scotland’s links with highly important economies such as China, Germany and the US. Building such links and promoting our international profile will help Scotland capture new investment from overseas that is likely to create highly skilled jobs with high value goods and services; it also spreads far wider into other areas of the economy, such as tourism and culture.

2. Much activity and resources are already devoted to this area.  Some of this is linked to the UK effort - for example through Whitehall schemes to attract postgraduates from China. Other initiatives have been principally Scotland-based - for instance SDI’s Global Connections strategy (later superseded by the refreshed version of A Smart, Successful Scotland); the Royal Society of Edinburgh’s exchange scheme for researchers, and their publication Science Scotland which promotes Scottish Science in the UK and abroad.

3. We also need to continue to attract top international researchers; our ability to do this is an indicator of the competitiveness of the Scottish science research base, and of course such wins also in themselves help us to raise the profile of Scotland.

This chapter is structured to present general comments (5.1.) followed by responses to long term aspiration (5.2.) and short to medium term action points (5.3.). Other questions answered and issues brought forward are summarised in the last section (5.4). 

5.1. GENERAL COMMENTS

For Scotland to develop links with international research communities and economies connectivity was regarded as the key issue. It includes connections with key funding bodies, above all European framework programmes, which were judged to have been neglected in the consultation document. The general commentary below is organised around the two issues of connectivity and EU funding. Both also surfaced as key issues throughout the rest of the chapter. 
Connectivity

Connectedness or connectivity described connections between research and funding bodies, research and business, research institutions and policy makers, the Scottish Executive and other funding bodies (including Scottish Enterprise and Scottish Development International Activity, 59: NPDB) as well as connections within and across Scottish Executive departments. The Scottish Executive was viewed as having a profound influence over the nature and size of the science base in Scotland, and the scientific direction that it takes. To this effect the separateness of science funded by each department within the Executive needed to be addressed (25: Indiv). Another respondent drew even wider connections in emphasising the need for a “holistic view” –one that links science education in secondary schools up with science R&D and places attention to the training of a solid graduate workforce (47: Acad). A novel suggestion in this context was perhaps that international research collaborations and connections should be focussed around a particular topic: people and skills should be combined around topics, not geographical areas and proximities. As the consultee reported from their own experience, such an approach yields results more quickly (9: Comp). 
EU funding

As regards connections with funders outwith Scotland, most respondents emphasised the need to capitalise on available EU funding (10: Indiv). “It is surprising that neither the long term aspirations nor the action points make reference to tapping into European research funding, specifically Framework Programme 7 funding” (46: Res). The theme should stress the European dimension which should be improved and links strengthened with Europe in a sustainable way (58: SAdvB). It was commented that the SME community in particular found the barriers to entry EU competitions to be beyond them. Thought must be given to creating mechanisms to address these barriers, actual and perceived, in order that Scottish businesses can benefit from both access to the research monies available and the new networks and supply chain opportunities these collaborations foster (60: EconAssoc). 
5.2. RESPONSES TO LONG TERM ASPIRATIONS
The consultation document stated one long term aspiration, namely to promote Scotland as a “science nation” – “a world-class location for science and research and development, with productive international education and research links in both existing and new markets.” This aspiration was met with large agreement (17 responses). Only one respondent disagreed explicitly, feeling that the term ‘science nation’ was defined in a too narrow and science-focused way: It should embrace innovation understood as ‘open innovation’, that is, beyond science and technology (24: EducB). Another respondent recommended adding another long term aspiration, namely to capture EU research funding and influence policy at European level (58: SAdvB)

A view shared by some was that the long term aspiration was too vague and academic (83: Comp) when it should emphasise as well how academic expertise can provide the basis for international collaborations with the world’s leading innovative companies, such as that between Wyeth Pharmaceutical Co, Scottish Enterprise, the NHS, and four of Scotland’s leading universities (71: Acad). 

Creative ways of promoting Scotland’s science success were considered crucial. As one respondent put it, “shout loudly and continually about how good we are. We remain too timid, even embarrassed to really tell the world just how excellent our science is” (82: Indiv). 
5.3. RESPONSES TO SHORT TO MEDIUM TERM ACTION POINTS

The consultation stated two short to medium term action points, which received replies from eleven consultees. Whilst they were generally met with agreement, they were also thought to be “laudable but vague” (5: Indiv, 38: RI). It was commented that “much more could and should be done than listed in action points” (26: Acad). In general, it was felt that a cultural step change was required to reap the fruits of Scottish research. As one respondent put it, too few people have the confidence that their idea is worth pursuing “this may be part of the Scottish psyche but needs to be addressed” (67: Char). Another respondent recommended an independent evaluation on past and present policies related to this theme along with a deep analysis on foreign perceptions and intentions towards Scotland amongst the international scientific and business communities (52: EconAssoc). 

The following paragraph is structured to present the responses to each action point in turn.

1) Promote innovation, science and research links with important economies particularly in the Far East, USA and Germany, and if feasible, develop measures of international research collaboration in order to track progress. 

All respondents agreed that Scotland needed to promote its links with important economies, yet it was less clear which economies should be Scotland’s priority.  Why, for instance, single out Germany as only European economy when links with Germany are relatively easy to establish because of the funding mechanisms available under the EU (54: RI)? Why not mention other European countries? Scotland is already facing fierce competition from Eastern European countries that recently joined the European Union. Scotland should look to developing links with these countries, and it is here that the document lacks any thoughts on better means of engaging with Europe in the whole of the research base (58: SAdvB).  

Scotland is also facing increasing competition from emerging economies such as India and China. The Scottish Executive should implement strategies that go beyond skills retention in Scotland by developing relationships with present and emerging competitors, for example by setting up research partnerships with those countries (52: EconAssoc, 16: PressG). UK Research Councils have established offices in China which will allow (Scottish) academics to forge such international links (46: Res). Other research institutes also put considerable efforts into building links with China but funding mechanisms to develop research and innovation projects of substance are missing (54: RI). 

As one respondent put it, the aim for the future should be to make Scotland a global centre for technologically-advanced and knowledge-intensive FDI. Clear emphasis should be given to alliance formation, co-operative manufacturing, network building along with the attraction and development of human capital and entrepreneurial talent, since knowledge has become the key resource (53: NDPB). 

2) Further develop mechanisms to attract and retain world class researchers
Suggestions were put forward as to how to attract early career scientists and PhD students as well as to improve generally the attractiveness of research departments and institutes. Some felt that above all a fundamental change in Scotland’s attitude towards the rest of the world was required (53: NDPB).One critical comment was that the document did not mention enough the need for private sector investment: here, Scotland’s involvement in UK Trade & Investment should be mentioned in this context as it makes the UK as a whole (hence, Scotland too) an attractive place for science-based companies (16: PressG). 

(Early) Careers

· Some respondents perceived an urgent need for a research fellowship scheme for Scotland that would be attractive to young scientists. Further, Scottish Executive in collaboration with Scottish Enterprise and SHEFC should make funds available for strategic professional-level posts (30: RI, 38: RI). 

· It was noted in the same context that an investment strategy needed to be developed both for infrastructure and personal reward structures for science and scientists. Such award mechanisms will allow attracting and retaining world-class researchers (51: Acad). 
· Another view was that cheaper living conditions would make Scotland more attractive to early career overseas researchers: Why not offer cheaper housing or lower tax regimes in certain areas? (26: Acad). It might be a way forward to attract international researchers for a shorter stay in the hope that they might stay on for longer. Salary, housing, and living costs should be an attractive package in order to retain foreign researchers (34: RI). Most leading OECD countries undertake R&D tax incentives. New such initiatives should be considered to support R&D collaborations between Scottish and foreign companies rather than only relying on collaborations with public sector research to generate R&D (62: LAdvB). 
· Young researchers should also be encouraged to spend some time abroad and then return to Scotland (29: ProfB). In this context, one view was that more international scholarships, exchange programmes and awards should be created for researcher to undertake sabbaticals in important existing or future science based economies (67: Acad).
PhD Students
· One consultee felt that not only researchers should be attracted, but also international students. In this context role of Scotland’s Colleges needed to be recognised more as they are a gateway to the Higher Education system. When international students enter the Scottish education system at college level, they familiarise themselves with SE and can then move on more quickly to University level if they wish. Colleges also support education abroad through exchange programmes, which in turn feed back into Scotland’s reputation: e.g. Colleges are involved in both provision of, and advice on, technical education at Higher Education level in China, the Middle East and Africa (8: EducB).
· Another view was that the Executive must lobby OST to ensure that RC funding for PhD positions increases (30:RI, 74: Acad). Severe limitations were perceived on funding for foreign PhD students - compared with US current UK funding initiatives were seen largely ineffective (76: Acad). A more coordinated approach here would be welcomed with Learned Societies as partners (49: EducB). 
· Also, UK Government should make it easier for overseas researchers to apply for or extend visas and take up positions in higher education institutions. Funding programmes should not discriminate by nationality. Formal partnerships and exchange programmes with overseas universities and research organisations should be set up (71: Acad, 75: Acad). One concern was that Scotland was training up its own competition – unless it developed mechanisms to retain PhD students in the country: PhD students flock here and then leave with the knowledge acquired. Instead, they need to be used as a springboard, and a network for future contacts. Therefore Scotland should increase easy access to work permits to make it more attractive for them to stay in Scotland (82: Indiv). 

· Against this, another view was that Scotland must be careful not to sell itself too quickly: for instance, it should not accept Chinese students too quickly as there might be huge language problems which might require sometimes additional investment (65: ProfB).

· Similarly, one respondent questioned the theme’s emphasis on recruitment of researchers while researchers trained in this country are lost due to the lack of opportunities in scientific research. In their view, overseas investment is important but only where it helps the knowledge economy to kick off. (73: TU). 

Attractive Research Departments and Institutions

· In order to be attractive to international researchers, one view was that Scotland must host even more international scientific conferences (35: EducB).  
· Another view noted that other countries are now recognising that the biggest international companies have been increasingly focussing their research spend on institutions that have Nobel Laureates not just 5* research (56: NDPB).
· Continued investment in Universities and Research Centres to attract, reward, and retain world-class research staff within world-class infrastructure (47: Acad). 

5.4. OTHERS

A number of additional issues were mentioned, which are summarised in this section. 

· Scotland’s infrastructure needed improvement both in terms of rail –and airlinks as well as road connections (35: EducB).

· Non-scientific innovation: Scotland should exploit non-scientific knowledge flows: not all innovation flows from the science base; tapping into global pipelines on innovation and collaboration; connect with other actors of innovation (40: NDPB). Another respondent felt that only if Scotland uses ‘open innovation’ as a vehicle for change, will it be able to compete with developments in China and India (26: Char). 

· Measurements and targets: As for targets, the numbers of international researchers attracted to Scotland should be measured as well as their research outputs. The number of Scottish researchers who go abroad and return to Scotland should also be measured (29: ProfB). Further, the number of short to long term research visitors to Scotland should be tracked, number of scientific conferences held in Scotland, number of scientific papers written with Co-authors, number of research visits made by Scottish researchers outside the UK (34: Acad). Another suggestion was to measure the increasing share of EU money (FP7) and sponsorship from foreign commerce (38: RI). 

· Social science contribution: Social Science contributions to the overall theme are exemplified in the recent ESRC publication “The Scene-The Social Sciences in Scotland” (Issue 1/Autumn 2006). It was noted with concern that the consultation paper ignored the ESRC initiative and indeed the Executive’s input to the launch of “The Scene” as well as related activities carried out under the ESRC-Scottish Executive concordat, and the leading edge work on International Connections and Knowledge Transfer/Exchange by the Office of the Chief (Social) Researcher (64: Prof Assoc).

· IP protection of Scottish interests: National, European, and international IP laws needed to be recognised in order to protect Scotland’s interests appropriately. “There is a need to ensure that international collaborations, which will doubtless be fruitful in terms of knowledge gained, will also ensure that sufficient IP rights stay in Scotland” (9: Comp). 

· Sustainability: Increased funding needs to be made available for strategic alliances between Scottish institutes, universities and leading environmental research centres around the globe. Centres of excellence such as the Tyndall Centre or Klimazentrum Potsdam should be developed, the respondent thought (38: RI). 

· Well-being: One view was that where we raise the quality and breadth and depth of scientific research it will produce more wealth and employment (67: Acad). Another respondent noted that anything which encourages excellent research will improve the quality of life of Scottish people (29: ProfB).

CHAPTER SIX

THEME 3: INTENSIFYING KNOWLEDGE EXCHANGE BETWEEN ACADEMIA AND BUSINESS

Theme three focused on knowledge exchange between academia and business for Scotland’s economic benefits. The consultation document stated that this type of knowledge exchange needed to be seen as complementing themes five and seven which focus on the exchange of knowledge between the science research base and the public, and the exchange of knowledge between the research base and policy makers respectively. Responses to theme three emphasised the need not only for a research push but also for a business pull. Both could be achieved through increased promotional activity and structural changes, consultees agreed. 
A majority of respondents acknowledged that Scotland’s record in academia-business knowledge exchange is still relatively poor, perhaps due to an aversion to risk taking and a general difference in working cultures. Attracting about 50 per cent of all respondents (including a large proportion of academic representatives, individuals with expertise in business and Knowledge Exchange as well as companies, business associations and NDPBs), this theme was lively and controversially discussed. Business representatives emphasised the need for cultural change whilst academic institutions primarily underlined the risks involved. Perhaps such controversy is in itself a testimony to the “different cultures and mutual prejudices” that still exist in business and academia. 
Respondents to theme three addressed the current weakness of knowledge exploitation in the industry base, and emphasised that 

· A shift in working cultures was required to improve knowledge exchange (KE) and knowledge transfer (KT),

· A more sophisticated understanding of innovation in Scotland needed to be developed,

· KE programmes between research and business communities needed to be promoted,

· Intellectual property (IP) generated by research pool needed to be captured better.

The consultation document stated as main issues:

1. Knowledge exchange between the many players in the “science and innovation system” is vital if we are to optimise the benefits of science in the economy as well as ensuring a receptive and engaged society on science issues. The strategy therefore needs to cover the whole spectrum of knowledge exchange from, at one end, exchange between academia and business through to exchange between the science research base to the general public at the other. This theme focuses exclusively on the links between academia and business, while other themes, in particular 5 to 7 cover other areas of knowledge exchange.

2. We need to consider this interaction from both perspectives: the push of new ideas being generated and made available to the market place from academia, and also the pull of companies making contact with the science base, providing information on market opportunities and adapting new knowledge and technologies to create wealth. A recently published report, Mapping the Scottish Innovation System (SIS) identified various weaknesses in interactions between business and the science base, most notably those involving indigenous small and medium-sized firms. This is a particularly important issue since Scotland has such a high proportion of SMEs. The report also identified the mismatch between the strength of the science research base and the weakness of the knowledge exploiters in the industry base.

We need to:

· Continue to work on changing the culture in both business and academia, including emphasising the benefits of commercialisation, and providing supportive structures and incentives to commercialise. 

· Continue to develop the pipeline of support for commercialisation of research from the science research base. 

· Consider how far we can bring the strategic missions of our research-active universities into greater alignment with our economic needs, while not sacrificing the research excellence of our science research base. 

· Consider how Further Education Colleges can contribute more to the knowledge exchange process.

This chapter is structured to present general comments (6.1.), followed by responses to the long term aspirations (6.2.) and short to medium term action points (6.3.), and general suggestions in the final paragraph (6.4.). 

6.1. GENERAL COMMENTS 

General commentary was separated into views relating to the theme as a whole, knowledge exchange and knowledge transfer more generally, the different working cultures, and the relationship of research push and business pull. The analysis of each area is presented below. 

General comments 

Some respondents felt that both the conception of potential users and the models for knowledge exchange were too narrow (46: Res). It was questioned why KE should be limited to academia and business. The growing social enterprise sector would be another user for instance, which is not immediately policy-relevant or of commercial interest. Research and business communities should be addressed more widely. In line with this, theme three would be better titled “Intensifying Knowledge Exchange between Research and Business Communities”. Yet it should include not only the business and commercial sector but also public sector organisations –in fact, all who can make use of science “to work smarter, more sustainably and more efficiently” (58: SAdvB). Another added that university partners in knowledge exchange may be other public bodies, social, or cultural organisations –knowledge exchange should not be limited to businesses (71: Acad). Against this backdrop it was felt that some rewording was required to provide clarity of meaning, in particular regarding the term ‘innovation system’. One respondent found the theme difficult to understand (58: SAdvB), another too focused on economic rather than societal benefits of knowledge exchange (15: Indiv). 
Knowledge Exchange (KE) and Knowledge Transfer (KT)

State of KE and KT in Scotland

Scotland’s overall record of academia-business KT was perceived to be poor with a few good exceptions such as KT initiatives at Glasgow Caledonian and Robert Gordon University (19: ProfB). Yet against the general cry for more KE initiatives one respondent was adamant that science should not only be judged on its potential for commercialisation, since spin-out companies involve significant risks (45: TU). 

Threats to KE and KT

Generally, the risks involved in commercialisation of research were perceived as high in particular by academic consultees (e.g. 23: Acad). Also, one view was that against high research and RAE pressures, the incentives for business engagement were too little. Further, universities employ a lot of fixed term people, who are not forced to transfer jobs into industry. In this context, the respondent felt that the Executive should underwrite more risk, and needed to encourage some very innovative thinking to fulfil their own expectations in this area (76: Acad).

How to improve KE and KT? 

Respondents recommended that currently existing platforms should be supported and promoted, and that more fora should be developed where the two can meet (19: ProfB). Secondments from industry to the SE and vice versa should be encouraged as they might be a way of increasing KT (10: EconAssoc). In order to minimise risks involved, mechanisms needed to be identified for mitigating pre-commercial risks. The private sector should be encouraged to engage more (23: Acad). Another view was that hybrid models should be developed which support (economic) staff interest while also preserving intellectual property benefits to the public (academic) sector (45: TU). One respondent felt that the best way of ensuring KE was through making research economically relevant (28: Indiv).
Relationship between supply and demand
Apart from recommending a thorough analysis of Scottish particularities (such as the large number of SMEs which are often not in a position to take forward University technologies) most respondents felt that more emphasis needed to be placed on ‘business-demand-pull’ than ‘technology-idea-push’ (32: EconAssoc, 33: Acad, 74: Acad). Some felt there was enough academic push but not enough industry pull (47: Acad, 74: Acad, 33: Acad). Industry partners were described by some academic respondents as being reluctant to invest in collaborative R&D. Support mechanisms and sufficient funding needed to be put in place to respond to business pull. 

Additionally, it was emphasised that the “current plethora of initiatives and support mechanisms for facilitating and funding knowledge exchange between companies and academia should be examined to ensure that there is no confusion in an already crowded market place. Building on successful brands such as Knowledge Transfer Partnerships (KTP), Score and Interface should be encouraged rather than introducing yet more initiatives which could create further confusion” (33: Acad). 
One respondent advocated an all together different model of KT. The traditional model of idea-push and demand-pull seemed a little outdated. Novel arrangements to exploit university research should be investigated: “Measures of patent activity, license revenue, and spin-off success do not effectively capture the full economic contribution of universities. Other spill over benefits include the attraction and retention of top faculties and students, including market-based drivers in the research agenda, providing a route into global knowledge flows and strengthening the local innovation ecosystem” (40: NDPB).
Different working cultures in academia and business

The culture gap 

Many respondents, in particular those with a background in industry or business, spoke of a clash of working cultures (50: Indiv, 55: EconAssoc, 59: NDPB, 61: Res, 79: Comp, 82: Indiv, 83: Indiv, 9: Comp). For instance, SMEs require rapid solutions to immediate problems for as little costs as possible whereas Universities are characterised by long time span and lower sensitivity to costs. Charging full economic cost (FEC) for work done by HEIs is likely to erect further barriers between them and the SMEs (50: Indiv). One respondent expressed cautious optimism in that cultural change was already taking place but emphasised that much more work needed to be done (59: NDPB). 

How to bridge the culture gap? 

For instance, motivations and reward structures within academia in relation to knowledge transfer needed to be acknowledged and exploited (59: NDPB). Another view was that since SMEs cannot fundamentally alter their operation to fit with the operation of universities, the universities must become more able to accommodate the SMEs (50: Indiv). Yet as another respondent added, to achieve this “we need to educate the educators”. By this it was meant that the science curriculum at schools needed to reflect technological change (55: EconAssoc). Indeed, one respondent emphasised that the role that schools can play in this respect should not be underestimated: the culture of the school should be “towards risk taking and supporting failure” as well as increasing confidence of the students and influence their attitudes towards continuous learning and exploration of new pathways (9: Comp).
Respondents further suggested that greater emphasis should be placed on skilled individuals with an understanding of business and research spending. It was seen preferable for industry to engage with clusters of universities. Another idea was to teach entrepreneurship to all science graduates as they do in Stanford. PhD students could integrate a concluding chapter that highlights commercial opportunities of their research, and an organisation like London Technology Network would help connect academia and business better (82: Indiv). 
6.2. RESPONSES TO LONG TERM ASPIRATIONS
The consultation stated three long term aspirations: 
1) Be more sophisticated in our understanding of the innovation system in Scotland and ensure that its components interact in an optimal way; 
2) Establish an acceptance from all sides of the way that our pipeline of support for innovation and commercialisation of research from the science research base benefits the economy; 
3) Encourage a continuing climate of emphasis on the value of commercialising research, and a culture that fosters knowledge transfer from the science research base. 

Eleven out of thirteen total respondents agreed, whilst two disagreed. Both disagreeing voices were from academic/ research bodies. One suggested the long term aspirations should be revised and the first bullet of the long term aspirations reworded by replacing ‘understanding’ with ‘fully utilise’ (58: SAdvB). Generally, it was felt that the aspirations were rather introspective: why not look at similar geographical regions in other countries and see how they improve their science base and economical exploitation? (e.g. 26: Acad). One respondent felt aspiration one was “nebulous” whilst they agreed with the other two (A51: Acad). Another lamented the academic bias of the aspirations (54: RI). The same respondent remarked that knowledge and technology transfer were sometimes conflated in the document without being the same thing: Knowledge transfer involves disseminating scientific results widely by traditional or electronic publication and can inform policy makers. Technology transfer involves a new or improved technology –a process or product, with a clear application in mind.  They have different outcomes in terms of economic development.

The following paragraphs present the responses to aspirations one and two. 

1) Be more sophisticated in our understanding of the innovation system in Scotland and ensure that its components interact in an optimal way 

In order to understand and develop further Scotland’s innovation system it was recommended to step outside the Scottish borders and learn from other small nations (27: NDPB).  “It must be recognised that Scotland is a relatively small nation with a small domestic market. Reference should be made to other similar nations e.g. Finland, Switzerland and the strategies which they have adopted with regard to identifying priorities and opportunities and being outwardly facing at all times.”(46: Res). 

The respondent continued that in order to improve interaction between the components of the innovation system Scotland’s thirteen universities needed to be treated as a single entity: they could no longer be competitive with each other yet there was still a fundamental lack of coordination and integration within the sector. Additionally, the respondent perceived that a focus on sectors might miss opportunities outwith those sectors, especially with convergent technologies. The solution, or part of it, may be to create a broader range of ITIs or an “orphan” ITI, all with far greater remits for promoting knowledge transfer within the Scottish Innovation System. The SEEKIT programmes and Interface could act as “feeders” for the ITIs (50: Indiv). 

2) Establish an acceptance from all sides of the way that our pipeline of support for innovation and commercialisation of research from the science research base benefits the economy 

One respondent felt a lack of support for commercially oriented R&D within universities. A greater focus on commercialisation within universities should be reflected in academic appointments (49: EducB). Another warned that the difficulties should not be underestimated in sustaining dialogue that is crucial for innovation: such dialogue takes time and effort. Benefits are often not short-term; increased funding is necessary for small-scale introductory workshops that bring together academics and industry (34: RI). 

6.3. RESPONSES TO SHORT TO MEDIUM TERM ACTION POINTS

The consultation stated four action points: 

1) Continue to implement the actions outlined in our response to the Lambert Review of Business-University Collaboration; 
2) Encourage initiatives to improve the interface between universities, colleges and businesses; 
3) Develop mechanisms to improve co-ordination of funding through the Scottish Funding Council, the Enterprise Networks and the Executive on major research projects of benefit to the Scottish economy; 
4) Encourage more SMEs to interact with the research providers though initiatives such as SCORE, SEEKIT and Interface. 

With the exception of action point one they were all commented upon (ten respondents in total). Comments were generally favourable with one voice of disagreement. One respondent was disappointed that there were only few new action points with respect to academia/business connections and felt this presented a missed opportunity to lobby for RAE or its replacement to better reward user-focused research (47: Acad). Further action points were recommended. A representative summary of responses is given below.    


In order to improve the interface between research and business communities, the current appraisal and reward structures needed to give greater recognition to practical relevance. Since current appraisal systems largely use peer review, the assessment processes are introverted, even slightly nepotistic. As one respondent remarked, “Under this approach science can become something for the closed shop of scientists to indulge in - rather than a servant for societal improvement.” The SE would be well advised to break the academic stranglehold on perceptions of ‘quality’ and ‘excellence’ and generate strong strategies to recognise excellent economic, social, and/or environmental benefits as a prime determinant of real quality in scientific achievement (51: Acad). Also, the most successful examples of knowledge exchange should be recognised through awards (61: Acad). 

A new fellowship scheme would help to encourage exchange of staff between industry and science base (30: ProfB, 76: Acad). Perhaps one of the most effective methods of KT is the movement of people from university research into industry and commerce. Knowledge Transfer Partnerships and training in transferable skills for postgraduate and post-doctoral researchers play a very valuable part in this process (78: ProfB). Short courses and direct contact between academics and business were seen as most efficient way in which to build lasting relationships (49: EducB). Businesses should be encouraged to employ students for short period during summer vacation, especially in their last year at university. This would allow them to assess ‘employability’ and give students better idea of business world - helpful for later dialogue if they are to stay in academia (34: RI). At the same time, specific measures needed to be put in place to guard against real or perceived career limitations experienced by those who choose to cross from one community to the next and back again (56: NDPB).
Further knowledge exchange could happen within the Science Shop (cf. previous chapter, 41: NDPB). 

Respondents felt that infrastructure needed to be developed that would allow appropriate market-identified research into commercial products without diluting or diverting the pure research activity. This presumes a complementary pool of people and facilities performing applied research in identified key sectors with engagement from industry (56: NDPB). At the moment, within the university sector there is little core support for the development of commercially oriented R&D. “The level of the KT grant is less than 10 per cent of QR. Increasing this to 25 per cent of QR would serve to give greater impetus to more applied research, and should translate into a more structured planning of such activity. This greater focus, and more overt emphasis, on commercialisation within universities would be reflected in academic appointments” (78: ProfB). 

At the same time, SMEs should invest more in research in collaboration with academia (34: RI). Another respondent added they needed to be integrated and more cost-effective and respond faster when approached by researchers if they want to compete with companies outside of Scotland (26: Acad). Yet it was emphasised by another respondent that such lack is not due to a lack of interest but a lack of time on both sides: small companies are “run by a small number of people who are already working flat out and cannot readily find the time to engage in a process of discussion with universities unless there are likely to be clear and relatively immediate benefits” (16: PressG). 
Funding for this ‘development’ activity should be greater than for pure research, as it is recognised that as the product development cycle advances the cost for each step increases. IP generated by the research pool should pass on a first refusal basis to the applied research pool free of charge, as a national asset paid for by tax income. Subsequent licensing of the IP to industry should follow a common practice with any fees paid back into the pools funding pure and applied research (60: EconAssoc, 78: ProfB). Respondents emphasised in this context that SEERAD, Scottish Enterprise, Scottish Funding Council, NHS Scotland, the Research Councils and ITI Scotland should together identify and calibrate intellectual property within the science base in Scotland to promote a better understanding of its scale and value (63:  LAdvB). However, one consultee underlined that IP ownership can be complicated, time-consuming and costly to resolve which then discourages SMEs from engaging with universities. Consultees underlined that this was not an easy issue to resolve. Yet a consistent policy across the sector could help facilitate collaboration (56:EDA). 
Additional Action Points

· IP related action point– the Strategy should consider a programme to capture and make available IP from government and public sector (as already done in health sector) (15: Indiv). 

· Existing exchange research or training programmes should be mentioned– cf. Greater Manchester Research Alliance as a good model of how such programmes could work (9: Comp). 

· Action point to address the weakness of knowledge exploitation in the industry base–SE should work closely with RCUK and Scottish HEIs to overcome capacity constraints (46: Res).
6.4. OTHERS

Respondents suggested that metrics should be developed that are based around economic and societal impacts rather than just on numbers of patents or spin-outs etc (63: SAdvB). Further, business income in support of research could be measured as well as the increase in turnover of businesses that work with Scotland’s research base and the value of new products that arise from academia/ business research activities (51: Acad). 

CHAPTER SEVEN

THEME 4: EXPANDING BUSINESS INNOVATION

Theme four addressed business innovation and how the culture of innovation needed to develop in the Scottish research and company base in order to attract larger business-based R&D investment for Scotland to improve its global competitiveness. Consultees stated that business innovation typically “covers a wide spectrum of activity, from at one end, innovation building on scientific advances, through to, at the other end, less science-based activity such as adoption of new business processes and new design.” The document   underlined that these various types of innovative activity can all lead to competitive advantage and all deserve strategic thought. However, in the current context of the Science and Innovation Strategy for Scotland the focus was on how to increase business investment in science research and development, and how to build a more pervasive culture of innovation in the Scottish science company base.

The theme drew in about 50 per cent of all respondents, mainly from academic and research background, yet also from business and economic development agencies as well as NDPBs. Whilst in general, agreement was high amongst respondents there were a considerable number of disagreeing voices in particular from respondents with experience in business and innovation. 
In relation to the expansion of business innovation under theme four respondents emphasised that innovation could be improved through 

· Tax incentives (e.g. R&D tax credits, tax breaks for innovative ideas),

· Increased funding (e.g. Business Enterprise Research and Development (BERD) Scottish Funding Council (SFC), EU funding),

· Structural changes (e.g. greater attention to Intermediary Technology Institutes (ITIs), clusters, local partnerships),

· Establishment of a single innovation department.

The consultation document stated as two main issues: 

1. In 2003, Scotland’s businesses on average invested in R&D at around half the rate as in the UK as a whole; at 40per cent of the OECD average; and at 30per cent of the target in the European Union for 2010. Over the last 6 years there has been some improvement in our figures, but clearly much remains to be done. Our investment data are also particularly volatile because much investment is concentrated in a small number of firms in a small number of sectors, many of them foreign-owned. Losing one or two of these firms could seriously reduce the Scottish figures but, conversely, attracting one or two major firms willing to spend substantial amounts on R&D could improve the figures dramatically. The Partnership Agreement commits the Executive to working with businesses to increase their investment in research and development to match more closely our competitors in the OECD.

We need to:

· Maintain or grow R&D in sectors where Scotland is strong 

· Attract investment into Scotland from multi-nationals willing to carry out R&D 

· Increase R&D intensity in firms or sectors that are lagging behind; and 

· Develop new R&D intensive sectors and the creation of R&D intensive SMEs 

· Increase involvement in the EU Framework Programmes for collaborative R&D

2. The Community Innovation Survey shows that innovation in Scottish firms is overall at a lower level than in the UK, and that they depend more on the public sector to support their innovation activity. As we move increasingly towards an economy where competitive advantage lies in innovation we need to develop and maintain a climate that encourages our firms to innovate continuously as part of their overall business model. This impacts on all areas of the economy: it applies in all sectors and to all sizes of firms whether high-tech or traditional.

Whilst respondents did not generally agree with the definition of innovation put forward in the document (32: Comp, 40: NDPB, 56: NDPB), the inclusion of innovation was welcomed throughout (12: EconAssoc). As one put it, “Solve this and everything else will fall into place” (82: Indiv). 
However, one respondent felt it was unclear whether the theme was aimed at Scotland’s business community or UK business more generally (58: SAdvB). Another more radical suggestion in relation to the overall theme was that ‘research’ should be dropped completely under this theme since it was perceived to “scare off SMEs” –”innovation is all about putting existing inventions together … in creative ways to release business value”(28: Indiv). Also, it was felt that case studies could be added in the final document, for instance on stem cell technology or on the exploitation of life sciences to meet health care needs (12: EconAssoc). Case studies were seen to be important marketing material which might convince SMEs to undertake R&D and to innovate (33: Acad). Key target industries should also be mentioned (12: EconAssoc). 

The chapter is structured to present general commentary (7.1.) followed by responses to long term aspirations (7.2.) and short to medium term action points (7.3.) and some additional comments (7.4.).  
7.1. GENERAL COMMENTS

General commentary was separated into views relating to the nature of innovation, the social science contributions to innovation, the state of innovation in Scotland and above all how it could be improved.

What is innovation? 
A traditional view of innovation suggests that ideas are created at universities and then diffused to industry where they are turned into technology and finally into commercialisable items. Yet many respondents felt such an interpretation did not reflect the complexity of markets (32: Comp, 40: NDPB). Whilst the consultation document stated that innovation “covers a wide spectrum of activity, from at one end, innovation building on scientific advances, through to, at the other end, less science-based activity such as adoption of new business processes and new design” respondents felt such a broad definition was not sustained throughout the document (56: NDPB). 

As one respondent remarked, the consultation paper confined itself to innovation in the context of Scottish businesses. Respondents emphasised further that the social sciences had an important role to play within the innovation system. The same respondent did not agree with the distinction of innovation based on scientific advances and less science based activity such as the adoption of new business processes and new design. As one consultee put it, “Social science is just as rigorous as the natural and physical sciences and that both quantitative and qualitative social science research plays an important part in business management, identifying the attitudes of customers and staff to products and service delivery, and an understanding of societal and economic trends is an essential precursor to for example research on the creative industries, labour markets, the legal and ethical frameworks for genomics” (64: ProfB). 
How to improve innovation in Scotland

As before respondents agreed that innovation in Scotland was generally low, largely due to a risk-adverse culture (46: Res, 82: Indiv). It was also seen to be very dependent on public investment when it should be demand-driven. “An enhanced focus on business innovation reacting to opportunities in the market pace will not only enhance Scotland’s economic performance but also place a business demand pull on the established research base.” (19: ProfB). The focus was now largely on how to improve the state of Scottish innovation. Suggestions were not always innovative but diverse and wide-ranging in that they covered structural, fiscal, and funding topics. 

Fiscal suggestions

· One view was that existing innovation should be fostered through a reduction of business rates and taxation (10: Indiv).
· Another suggestion was that first of all a study needed to be undertaken into investment climate in Scotland in order to see what scope there is for fiscal measures to encourage investment in R&D (49: EducB).

· A respondent noted that a fiscal system similar to Ireland might be introduced to Northern Ireland, hence, why not to Scotland, too? “We see scope for a small science/technology unit within the Scottish Executive to advise on procurement across the public sector with the aim of realising this potential” (49: EducB).

· R&D Tax Credits, which apply throughout UK, were seen as helpful in encouraging companies to invest and were welcomed. However, bureaucratic burden of applying for R&D Tax Credits needed to be reduced (78: Indiv). 
· Another view was that business should be rewarded with tax breaks for innovative ideas (38: RI). 

Funding suggestions
· Increase funding for Business Enterprise R&D (BERD): Respondents lamented that across the UK business funding in research and development had declined over the last two decades due to tax policies which did not encourage industry research and development. At the same time public spending on R&D suffered a decline from the level in 1981. With the introduction of 2000 R&D tax credits the funding situation had improved slightly yet was still lower compared with Finland or Sweden. Scotland’s low level of BERD makes it difficult to build links between researchers based in universities and those in industry as the pool of researchers is relatively small. The result, it was warned, was a downward spiral unless there would be a significant intervention to break the trend (73: TU).

· SFC funding streams. SFC knowledge transfer grant should be increased to facilitate further links between academia, business and the wider community (73: TU).

· EU funding. As before under theme three, it was emphasised that EU funding needed to be taken greater advantage of (79: Comp). The take-up of FP7 especially amongst the Industry base should be improved and encouraged (56: NDPB). To this it was added by another respondent that FP 7 had relatively little funding and that therefore the Scottish Executive should look at mechanisms to provide alternative finance for programmes that might have been funded under FP 7. Another respondent noted that EU Commission Guidelines should be capitalised: It was explained that new rules recognise the young Innovative Enterprise status as an eligibility criterion for state aid and that this will enable member states to provide extra public funds like tax and other financial incentives to their young innovative biotechnology companies without running into trouble with EU competition rules. In addition to the R&D tax incentives communication, the new EU rules enable governments to give extra incentives of up to 1 Million Euro to small companies that are less than 6 years old and spend 15 per cent or more of their revenues on R&D (10: Indiv).

Structural suggestions

· ITIs: Greater attention should be given to ITIs which present a structural opportunity and are a major investment in science and innovation. ITIs performance should be evaluated over the next ten years to assess how they improve innovation in Scotland. If they prove to be successful then further institutes or similar models should be developed for other areas, such as optoelectronics. If they prove unsuccessful then another model to encourage development will be required (73: TU).

· Clusters: One respondent suggested that innovation increasingly arises at the interface of scientific disciplines and areas of technological application and industrial sectors - too strict classifications  based on the idea of ‘sectors’ should be avoided and a more trans-disciplinary and inter-sectoral vision around ‘clusters’ needs to be organised when deciding to allocate resources and plan new strategies (21: Acad). 

· Better cooperation: Scottish Executive, Scottish Enterprises, and SHEFC needed to cooperate more in order to better identify the overall aspirations and implementation timescales for Scotland in relation to KT (30: ProfB).

· Local partnership model: Academics should identify an appropriate partner in industry who is willing to work with them on site –Speaking from experience, it was emphasised that such partnerships allowed for creative symbiosis between academic and corporate agendas and were best managed locally (76: Acad).
· Single innovation dept: Against the local partnership model a single, centralised innovation department at the Scottish Executive was recommended by another respondent. Such a department would connect all agencies involved in innovation and lead to greater consistency in implementing KT criteria. One respondent lamented that “innovation in businesses is probably hindered most by the time and effort required to secure funding. Reports ad nauseam refer constantly to this complaint by senior executives and to the fact that it is detrimental to the actual running of the business. (...) Programmes often overlap which not only causes confusion, but is also inefficient use of public money. This increases paperwork and contributes to reduced uptake by companies.” (50: Indiv). In a similar vein, another respondent suggested a Scottish Innovation Agency which would not be limited to technological innovation and should build links with other innovation networks (29: ProfB). 
Others

· As many innovative ideas came from “the man in the street” it was felt that more had to be done to assist good ideas to reach their potential: “Too many ideas are left in a garage or wander abroad”. One consultee reported that people with good ideas often leave the Scottish Enterprise Board with a sense of disillusionment. It seemed the board could not really understand their briefs, therefore limited likelihood of being able to discuss ideas. Many individuals had left to try and find a way forward without this network of contacts (85: Indiv). 

· Risk reduction: companies need to know the benefits of companies R&D; universities and business need to understand better each other’s roles and drivers; further, the SE should reduce risk and expense to investors of business innovation by developing funding models that reduce risk but avoid contravening state aid (46: Res).

7.2. RESPONSES TO LONG TERM ASPIRATIONS

The consultation document stated four long term aspirations: 
1) To increase business investment in research and development to match more closely our competitors in the OECD; 
2) To encourage the acceptance of a climate that encourages business investment in R&D, particularly through links with the science research base; 
3) For Scotland to be in the top quartile of EU regions for innovation indicators allied to businesses; 
4) To ensure the Executive has a portfolio of connected policies that encourages firms to increase their level of innovation activity to match that of our international competitors.

The four long term aspirations were met with general agreement by a total eleven respondents. Five respondents disagreed. One view was that the aspirations might work if they were placed within a knowledge economy framework but it was felt that at present they were too much presented as a traditional manufacturing economy model, which does not fit the Scottish service industry and knowledge economy context (24: EducB). Another respondent noted that the aspirations did not reflect enough the strong history of clinical research in Scotland, which was perceived as strategic advantage for business innovation (A9: Comp). Surprisingly perhaps given previous criticism, one view was that the aspirations under this theme needed to be much more aspirational as well as inspirational: “as a country we need to create a thirst for innovation” (60: EconAssoc, 83: EconAssoc). Another view was that aspirations one, three, and four were too similar and should be combined into one overall aspiration that includes perceptions as well as facts (83: EconAssoc). Further, action points should underpin more clearly short medium term aspirations (68: EconAssoc). 

7.3. RESPONSES TO SHORT TO MEDIUM TERM ACTION POINTS

The document stated eight short to medium term actions points which were answered by eleven respondents, nine of which agreed. 

The action points covered the following topics: 
1) Work with Scottish Development International to increase inward R&D investment; 
2) Maintain pipeline of support for innovation and commercialisation of research from the science research base; 
3) Work with the Intermediary Technology Institutes to increase the amount of business-relevant R&D undertaken and exploited in Scotland; 
4) Use the Executive’s Business Support Review to streamline and increase the effectiveness of our support for business R&D; 
5) Develop mechanisms to encourage academia and industry to participate in European Framework Programme 7; 
6) Work with businesses and their representatives to encourage more innovation as part of standard business models; 
7) Develop new mechanisms for exchanging ideas and best practices and also for widely disseminating innovative and successful thinking; 
8) Work with research providers and businesses to ensure that Scotland benefits from initiatives under DTI’s Technology Strategy. 

The following section presents responses in summary. 
Respondents believed that the pipeline of support could not be maintained as it was an outdated model: it does not recognise the key difference between a knowledge based and manufacturing economy. They emphasised that innovations in a knowledge economy rarely arise from the science and technology base alone. Scotland can be the source of real developments only “if we can raise our thinking above the historical economic models and create the environment in which a knowledge and innovation society can develop” (A24: EducB). Another respondent was slightly more generous yet still felt the action points were quite limited. The pipeline of support should be improved and streamlined, not simply maintained (26: Acad, 54: RI). Regarding all action points, one view was that they were difficult to achieve as they require a complete change in attitude (65: ProfB). The fifth action point should read “Develop and improve mechanisms to encourage academia and industry to participate in European Framework Programme 7”, thus recognising the important role played by existing schemes such as PACER and the Scottish Proposal Assistance Fund (78: ProfB).

7.4. OTHERS

A number of policy issues were mentioned under this theme, which are detailed in the following.

· Awards for innovation should be presented to research institutions so that commercial research is encouraged (67: Acad, 51: Acad).

· Attention needed to be given to salaries, status, conditions, prospects pertaining to careers in academia and industry: “government should provide financial incentives in order to encourage high-quality graduates to train in research. Industry must similarly review the benefits package it offers it researchers” (29: ProfB). 

· Barriers need to be reduced for innovative Scottish companies selling new technologies to Government organisations (15: Indiv). 

· Tax incentives for third party funders of HEI research - this would encourage greater collaboration between academia, commerce and industry. It would also provide a much needed funding increase (14: ProfB).

Regarding the tracking of success, suggestions included: 
· business investment in research should be measured as per cent of Scottish GDP; 
· Scottish position amongst EU regions (by quartile) for innovation indicators allied to businesses; 
· FP7 research income shared between Scottish Research organisations and companies should be measured (51: Acad); 
· measure the number of technologies discovered in academia but launched by industry (9: Comp).
CHAPTER EIGHT

THEME 5: MODERNISING SCIENCE EDUCATION AND PROMOTING SCIENCE CAREERS

Theme five was widely considered to be the most important theme. This is reflected both in the number of respondents replying to the issues addressed here (59 out of 86) as well as in the many cross-cutting references to this theme: the previous theme for instance frequently referred to how formal education is going to improve the general climate of research and innovation, the culture of risk taking, the acceptance of science in society, hence public support for science innovation, the general receptiveness to innovation. All groups of respondents are represented under this theme, though smaller numbers of industry and business associations responded to this theme. 

Theme five addressed two related yet separate strands, namely education at schools, universities, and colleges on the one hand (here in relation to the ongoing work to the Curriculum of Excellence) and the promotion of science careers on the other. The Curriculum of Excellence for science education at schools was welcomed throughout. Respondents agreed that Scotland needed more and better equipped science teachers. Apart from schooling science careers was considered to be the area where most change was needed. Science research career prospects were generally considered to be poor in comparison with other professional careers, for instance in business and industry, in particular regarding job security and pay. The importance of good career advice and career development courses were also emphasised repeatedly. There was some overlap between the responses to different questions under this theme. 
Under theme five, respondents agreed that 

· Excellent science school education was a key factor for a solid science base in Scotland,
· School education could be improved through professional development, more technical support staff, better equipment, continuous co-operation with external science institutions,

· Recognition and prospects for those undertaking research science careers needed to be improved urgently,

· Support of public science education as taking place in Science Centres, museums, libraries needed to be guaranteed and developed. 
The consultation document stated: 

1. If Scotland is to become a “science nation” it must regard attainment in science as on a par with literacy and numeracy skills as a fundamental part of education, for every citizen.

2. This theme covers the whole range of issues affecting the supply of people with science expertise attained through formal education, but also touches the need for a wider science literacy and how this should be delivered through formal education. Wider provision through complementary educational activities, such as science centres and festivals is covered in theme 6, although there will inevitably be some overlap as formal and informal provision feed off each other.

3. In terms of the supply of scientists into the economy, there is increasing concern about the take-up of some pure science subjects at degree level. If we are to build an economy which depends increasingly on science and innovation, and to attract new investment, we shall need a very strong cohort of “budding scientists”. The economy also needs to be ready to provide fulfilling and well-paid jobs requiring these skills, in order that the public perception of science as a wise career choice is reinforced. We need to gather better evidence about whether the current pattern of take-up of science will be a problem for the economy over the coming decades,

4. The UK Government’s Next Steps paper sets out a number of targets to raise the numbers of pupils, graduates and teachers with science skills (especially in physics, chemistry and mathematics), and to improve teaching, attainment and access to science subjects at school. In terms of the formal school science education, the Executive is currently conducting a major review of the curriculum 3 to 18. It is encouraging engagement and debate by teachers and other stakeholders on the outputs of this process. The recent publication “A Curriculum for Excellence: Progress and Proposals” describes the direction of travel and includes an outline rationale for science. A Curriculum for Excellence provides the means of embedding enterprise education, creativity and sustainable development into the mainstream of teaching and learning. Science will contribute strongly to these cross-curricular themes. Interested parties are invited to comment on outputs from the curriculum review via the website link below. In developing an updated science strategy the intention will be to include material on science education in the classroom, but this will draw on the ongoing work from the curriculum review.
5. We need to: ensure a sufficient flow of qualified scientists, but consider also how far the Executive should go in promoting science careers above other careers; understand better the attitudes of young people towards science and science careers; beyond school, ensure that science talent is not wasted by poor career advice and development.

This chapter is structured to present general comments on the issues brought out in the consultation document (8.1.), followed by a summary of responses to long term aspirations (8.2.) and short to medium term action points (8.3.). Additionally, policy issues were flagged (8.4.) as well as areas proposed for promotion (8.5.).

8.1. GENERAL COMMENTS

General commentary was separated into views relating to science education in schools, HE Institutions, FE Colleges, Science Centres, and Science Careers. The latter included issues regarding career development and continual skills development. The analysis of each area of commentary is presented below. 

General concerns

Many respondents believed that theme seven was the most important of all themes. They saw it as the one in which the Scottish Executive is placed to make the biggest impact. And they emphasised that there was a need for all pupils to have the opportunity to develop an understanding of the methods of science, an appreciation of the value of science and an understanding how science contributes to everyday life (49: EducB). Another emphasised that science is not defined by content or by doing experiments but by being “objective, experimental, evidential, rational, systematic, open, critical, reasoned, reproducible, reliable, and valid.” Children need to be taught that questions come first, specialisation can come a lot later (76: Acad).

While some respondents felt the science education landscape in Scotland was in relatively good shape in particular regarding the relationship of supply and demand (40: NDPB), others felt that both the issue of science education and of promoting science careers must be addressed urgently in order to excite children and young people about science (60: EconAssoc) and to increase the uptake of science generally. A culture needed to be created where there is increased demand for better science teaching in schools and more take-up of pure science subjects at degree level (71: Acad).

Science education at schools

Respondents stated that generally, a more coherent and demanding science experience should be developed for upper Primary and lower Secondary which would allow the embedding of a range of cross-curricular and citizenship themes.  
Primary Schools

A variety of suggestions were made regarding science teaching at Primary level, which are listed below. 

· Arrange special training for science teachers in primary schools (39: Indiv, 55: EconAssoc, 61: Res). Primary schools should either have an appropriate number of teachers with specialist training to teach science or there should be local clustering of schools. In this latter instance, science teachers from neighbouring secondary schools should be available to advise and assist with science classes in the primary schools (63: SAdvB).

· Ring fence science/technical education budgets within schools to ensure that money is used in respective departments only (55: EconAssoc). 

· Primary schools should have a dedicated science room, or in smaller schools dedicated science space, where children can be taken out of their normal classroom environment to engage in science activities (63: SAdvB).

· Establish the nature and level of science teaching presently delivered, then standardise basic science curriculum to ensure more universal delivery of science taught (39: Indiv).

· Develop a science curriculum that teaches and develops skills of scientific enquiry, framing a question, designing an experiment, gathering evidence, problem solving etc. These were considered to be generic skills of benefit to a whole workforce (55: EconAssoc, 78: Acad). Another respondent felt it was a general failure of the education system that not enough emphasis was placed on true enquiry rather filling in worksheets (6: Indiv). 

· Ensure collaboration between primary and secondary schools (39: Indiv).

Secondary Schools

Suggestions made regarding science teaching at Secondary level included the following: 

· Improve career structure for science teachers and support staff (39: Indiv).

· Update or retrain science teachers, inform teachers of new methods through CPD (see below).

· Recruit additional technical support staff and involve in delivery of new course material (4: TU). 

· Invest in new lab equipment through for instance small grants for science (63 LAdvB). However, schools should not depend on science grants alone –they need a good budget and ring fenced money (10: EconAssoc).  

· Ensure through curriculum that as a minimum 5th and 6th year students attend a life science course at university of college to get a better idea of Science education at HE institutions. At present, science is not always seen as a sixth core skill and does not receive sufficient support through the Curriculum for Excellence, one respondent suggested (2: Acad). Further, the curriculum should make pure science courses less abstract and linked more to social relevance of the subjects may help to attract more young men and women into the courses (61: Res). At the same time, one respondent questioned whether the current curriculum and measurement based system allowed for science education: “While there are undoubted advantages in a uniform system for certification, the over-emphasis on reliably measured outcomes ignores the many other dimensions in which education operates. Pupils appreciate being treated as individuals and this means that teachers must always be prepared to take risks: the freedom to try out new ideas and to engage pupils in novel ways must always be supported. This cannot easily happen in a system currently constrained by funding and assessment” (80: Indiv).

· Increase ‘hands on’ teaching (10: EconAssoc, 63: SAdvB, 75: Acad). Further, the science that kids meet in the classroom should correspond with the science they encounter outside; school science should also help them to engage with debates on science outside the classroom. Classroom activities need to make clear how they relate to the outside world; schools could visit companies on regular basis (11: Acad, 85: Indiv). 

· Seek comparison with other European countries: For example, Sweden is introducing after school science clubs where there must be at least 50 per cent girls and are generating real interest in SET in primary school and early secondary school children; provision is made available for schools that do not have access to the science centres, e.g. through cohesive provision of science ambassador and engineering ambassador schemes (61: Res). 

· Address the gender gap in science education so that the curriculum is truly a curriculum for all; develop self-evaluation guide for each school which will provide good practice examples for gender mainstreaming equality in schools (86: Indiv).

· Recruit younger science teachers now, ahead of the high predicted number of retirements, to ensure continuity in science teaching and to avoid staffing difficulties in the future (63: SAdvB).

Science Education through HE/FE/Science Centres and Museums

Respondents emphasised that more support needed to be given to Further Education (FE) colleges to allow them to deliver attractive technology courses. Colleges should be encouraged to provide the appropriate training packages for students to allow them to progress to technically skilled jobs (63: SAdvB).
At Higher Education (HE) Institutions, the levels of STEM subjects and students needed to be maintained. Here, a concern was that given the relatively low level of R&D capacity within the Scottish economy, and the decline of traditional manufacturing industries, many aspiring STEM graduates sought to develop their careers in larger companies and organisations outwith Scotland. Respondents recommended to assess future demand and identify career paths for science graduates within Scotland. HEIs should remain an attractive work environment for academics to ensure that HE education does not erode in future years and is of continuously high standard (23: Acad).

Further, access to FEC and HEI needed to be widened out to pupils who may not consider studying at FE or HE. This could be achieved through enabling pupils to work in a laboratory environment, thus exposing them to techniques and skills not taught in schools. Such early exposure might also inspire and motivate pupils for a career in science (39: Indiv). Another respondent stressed that any initiative would be welcomed that would increase success rates in attracting and retaining postgraduate students (78: Acad). 

The Science Centres were welcomed throughout. Respondents felt that funding and assistance should be increased as they were very well placed to promote work experience opportunities to students (41: NDPB). 

Another respondent added that museums as the keeper of scientific knowledge of the past were also in an exclusive position for bringing a unique perspective on science and innovation: they show how science and innovation have been aspects of the Scottish culture and heritage, and that “a good science education should consist not just of a grounding in scientific facts but also of the history, role, and practice of science in our culture”(42: NDPB). 

Science Careers and Continual Skills Development

Generally, respondents felt that good and up-to-date career advice was important, and that action to improve science careers needs to be taken alongside action to promote science education (45: TU). One respondent suggested in this context the introduction of a mentor –someone working in science, or industry or research which could guide students towards a career in science: “Connection with an individual currently pursuing a career in science, probably closer in age to the student than a teacher or parent, is very valuable in promoting positive attitudes to science careers, from our experience” (13: EducB). 

Respondents felt the need to ensure that sufficient numbers are engaged in science careers (30: ProfB). They mentioned repeatedly that research career structures and reward mechanisms for scientists were poor, in particular compared with business and industry but also law and government, and that therefore science was hard to sell to school pupils and students. Low salaries and short-term contracts were mentioned as particular shortcomings (2: Indiv, 6: Indiv, 60: EconAssoc, 39: Indiv, 78: Acad, 23: Acad). As well as increasing the proportion of students studying science and engineering, it was considered crucial to encourage these students to actively pursue a career in science, engineering and technology (56: NDPB). This could be achieved for instance through reward schemes, for example writing off student debt and/or an enhanced salary packages. Funding should also be made available for individuals seeking a career change from business or industry into teaching, to pursue postgraduate teaching qualifications (63: SAdvB).

A frequently expressed view was that the consultation document failed to give due attention to technical support staff. The important role of technicians and support staff needed to be emphasised more (7: Prof Assoc). Successful science teaching, it was emphasised, depended on skilled and experienced technical staff to support and assist teachers, prepare experiments etc. Technicians needed to be recognised as providing a valuable, professional service (23: Acad). As much as research staff, technicians needed to be highly qualified and trained. Respondents lamented that at present there was no national agreement for CPD for technical support staff. However, this was considered essential especially where technicians are increasingly involved in the design and delivery of new course material. Working and salary conditions for support staff need to be improved. A structured career path needed to be recognised across Scotland (4: TU). Another suggestion was that in each district there should be small teams of science technicians, based in secondary schools and linked to local colleges and universities, who would be available to provide technical support to primary and secondary schools (63: SAdvB). 

The importance of up-to-date CPD programmes for science teachers and support staff was stressed by many respondents (63: SAdvB). CPD should be introduced for school careers advisers to improve their awareness of the advantages of studying science at school and beyond in terms of the variety of career opportunities that are on offer to science graduates. CPD should be used to increase the number of primary teachers with specialist training to teach science. For example, the two-year ‘twilight’ (evening) course leading to a diploma qualification, currently offered by Strathclyde University’s Education Faculty, represents an excellent education initiative (63: SAdvB). 

8.2. RESPONSES TO LONG TERM ASPIRATIONS

The consultation document stated eight long term aspirations: 
1) Build, through A Curriculum for Excellence, a continuing cycle of review of the curriculum to keep it updated, refreshed and relevant. The school science curriculum will be part of the ongoing cycle of review; 
2) Ensure a good supply of science and mathematics teachers and provide the means to keep their skills and knowledge up to date; 
3) Ensure that the science and technology facilities in schools support the science curriculum; 
4) Improve the evidence base in relation to supply and demand for scientists, engineers and mathematicians; 
5) Ensure that careers information provides a complete and up-to-date picture of the opportunities available to those who study science, based on career destinations; 
6) In conjunction with a broad range of formal and informal science education providers, including our Science Centres, inspire young people to consider the achievements of science, the place of science in society and the possibility of a future science career; 
7) Improve career development opportunities for scientists and researchers in the science research base; 
8) Ensure that publicly funded fellowship schemes remain attractive and meet current needs.

All eight aspirations were met with general agreement by 22 respondents. Two respondents felt the number of aspirations needed to be reduced to allow for a clearer and stronger impact (58: SAdvB, 28: Indiv). Another agreed in that points were described as very vague (5: Indiv). One respondent was disappointed that not much progress had been achieved in this area since 2001(65: ProfB). Most of the aspirations were addressed in a free text way so that the following presents the spectrum of responses. 
Science education

Supply of teachers

All respondents agreed that science teachers and support staff were the foundation for good science education. “Good teachers will inspire kids to go into science” (28: Indiv). One view was that a significant investment was needed in recruiting teachers, in particular of the physical sciences, and in areas such as Grampian, Highlands, and the South of Scotland (8: ProfB). “A good supply of science and mathematics teachers is crucial and must also be addressed in the short and medium term action points. Science and mathematics teachers must come to schools well qualified in both subject and pedagogy and have regular opportunities to keep their skills and knowledge up to date throughout their careers” (63: SAdvB). Competent and innovative scientists should be persuaded to go into teaching rather than research - talent should be rewarded not only with competitive salaries but also with research funding (65: ProfB). 
CPD

Respondents further agreed that science teachers needed to have their knowledge updated regularly: what is learned during an undergraduate degree has a lifetime of three to ten years only (24: EducB). A CPD system needed to be put in place that will allow time for school science educators to pursue them i.e. the supply of science and mathematics teachers must be such that teachers are allowed out of school (63: SAdvB). Supply covers are needed so that teachers can go to CPD training days (8: ProfB).  
Science Curriculum

Greater emphasis should be given to ensuring that science teaching is relevant to contemporary issues. Here, one respondent suggested a number of additional aspirations specifically directed to increasing the relevance of science teaching. For instance, “science education should embrace pupils’ exposure to industrial applications of science-based research as early in education as possible; scientific knowledge (formal and informal) should be communicated in a way that bridges the gap between existing knowledge and uncertainty in knowledge; Rather than avoiding discussion of ethical, social and legal issues of modern scientific ideas (e.g. genetic manipulation, stem-cells, etc) they should be covered as part of the science curriculum” (57: NDPB; also 63: SAdvB). 

Another respondent added that science rarely existed in isolation; it draws upon influences of other fields so that the scope of school education should be broadened to take proper account of the complimentary disciplines of mathematics and technology (44: Acad). 

Most respondents agreed that the school science curriculum needed to be kept up-to-date to inspire and engage young people. It should provide opportunity for open-ended investigation and problem solving and, in turn, encourage innovation (62: EducB). 

Whilst the development of the Curriculum of Excellence was mostly welcomed, methodologies promoted by it should lend themselves more easily to exploring the environment and societal matters. The use of external speakers should be recommended, as should be visits to industry, research centres, Science Centres, involvement in industry-sponsored science competitions. Admittedly, such activities are more demanding than didactic teaching and require more flexible time-tabling (7: ProfB).
Technical equipment

Regarding equipment for teaching it was emphasised that laboratory facilities needed to be of a high standard and provide an appealing environment for pupils. Further, that high quality technical support needed to be freely available to support learning and teaching, maintain equipment and develop resources. Appropriate training and professional development in the most effective use of equipment must be provided for teachers and technicians (63: SAdvB).

One respondent felt the aspirations covered school education and seemed to assume that all is well in HE: in contrast, teachers at HE level are extremely frustrated by falling student numbers and the overall drop in student quality. (83: Indiv). 

Opportunities for pupils

Pupils need to be equipped with the skills and tools that make successful scientists, such as creativity and risk taking. (24: EducB). Lessons need to be made exciting for pupils: “bring the dissections, bangs and danger back to science lesson” (5: Indiv).
Science centres are also important in the context of science education as they have the scale of operations to justify rapid turn-over of equipment and continuous supply of specialists (24: EducB).
Science Careers

The majority of respondents agreed that “science careers needed to be made relevant and as attractive as other opportunities” (26: Acad, 63: SAdvB) yet one respondent said, “the 17 aspirations/ action points are just waffle around the key action that needs to be faced up to – PAY.” (28: Indiv). Another felt quite strongly that the current career situation for scientists was still based on patronage, is highly unmeritocratic and sexist, with poor pay and conditions. Against this background, an overarching re-examination of the situation of young researchers is urgently needed: “If Scotland wants to be a scientific force to be reckoned with it must address these issues. It could in principle forge a new path that would make Scotland a truly great place to do science. It needs to listen to the young researchers and plan for their future not just the demands of the science megastars of today” (5: Indiv).
Further, many felt better career services were needed. Currently, science careers often don’t seem attractive: career advice must be accurate and up-to-date, target not only young people but already their parents. Here, it was felt that a large investment in career resources was required (8: ProfB).

Career advisors should also receive appropriate professional development. A core team of science experts should be created in career advice centres (44: Acad). As one respondent lamented, “We need more school career advisers with a science background, they all have arts backgrounds” (82: Indiv). 
8.3. RESPONSES TO SHORT TO MEDIUM TERM ACTION POINTS

The consultation stated nine short to medium term action points, which were met with general agreement by thirteen respondents. The areas covered were: 
1) Build on the initial work on the review of science in the curriculum which has begun and is likely to be continued during 2006 through debate, testing, refinement and further consideration of the proposals which emerge; 
2) Provide funding in 2006-07 (and similar provision in future years) for an education programme in the four Science Centres and ensure that promotion of science careers is incorporated; 
3) Support the programme of teacher Continuing Professional Development (CPD) being organised by the Scottish Schools Equipment Research Centre, and the programme of Teacher Fellowships through the Royal Society of Edinburgh; 
4) Undertake the first Scottish Survey of Achievement in science in 2007, to measure attainment in science 5-14; 
5) Take forward with Future Skills Scotland, a study in 2006-07 on the supply and demand for scientists, engineers and mathematicians in Scotland; 
6) Ask Careers Scotland to ensure that careers material builds in the latest findings from destinations surveys by the Scottish Funding Council; 
7) Use the unique position of our Science Centres in a much more cohesive fashion to communicate the attractiveness of a science career to an increasingly diverse audience; 
8) Work with the Scottish Funding Council and Universities Scotland on task force activity to improve career paths for academics; 
9) Work with the Royal Society of Edinburgh on reshaping the Executive-funded Research Fellowship scheme to ensure optimum relevance to Scottish needs.

Whilst most respondents generally agreed, one respondent believed that the action points were not radical enough to achieve the step-change needed: “Actions should be formulated in order to provide an impetus that can carry the long term plans forward, identifying how the science curriculum and facilities in schools and the Science Centres can embrace not only basic science, but also important contemporary issues such as energy resources and environmental management” (57: NDPB). Yet no new issues arose in addition to those already mentioned under long term aspirations. 

8.4. POLICY ISSUES

A number of policy issues were raised in the context of theme five and are presented below. 

· Provide evidence as to how to grow a good pool of schoolteachers in science and mathematics (16: PressG).

· Ring fence funding for the Career Development of science teachers (18: NDPB).

· Re-design Careers Scotland as a stand-alone organisation with real focus in delivery; SE should consider whether the re-weighing on Education Maintenance Allowances in favour of science subjects might increase the attractiveness of these courses, targets should be set for the number of students entering Science, Maths, engineering etc (19: ProfB).

· Invest in science careers: they are insecure, not rewarded appropriately, investment at all levels is required (26: Acad).

· Continue review of science curriculum (35: EducB).

· Continue and increase investment in school equipment (35: EducB)

· Continue to fund and support research into environmental issues in line with economic development (57: NDPB). 

· Continue support of activities that provide opportunities for ongoing informal science education, such as the Science Centres, museums and other institutions used by members of the public (57: NDPB). 

· Ensure that up-to-date scientific books are available in local libraries (57: NDPB).

· Extend CPD for teachers and support staff along the lines of residential summer schools; extend work of sciences centres so that they can provide more support for teachers and students; lower admission charges; investment in the development of new resources and teaching support networks which disseminate new teaching and learning ideas and have helped to raise morale of science teachers (9: ProfB).

· Evenly distribute access to Science Higher across Scotland (44: Acad). 
· Conduct a survey of achievement which allows the tracking of individuals in science to see where they move to; measure increase in the take up of science subjects at schools, science graduates at universities, and science careers in public/ private sector; investment figures in R&D (18: NDPB). Further performance measures could be: number of STEM students, number of people continuing in STEM career (29: ProfB). 

· Set targets for the prediction of science classes; collaborate with educationalist and scientific bodies to implement policies designed to meet the new targets (29: ProfB). 

 CHAPTER NINE

THEME 6: INCREASING PUBLIC ENGAGEMENT WITH SCIENCE
Theme six attracted about 50 of 86 responses. Public Engagement was valued throughout and respondents emphasised its importance for a flourishing science base. The practical impact of science on people’s daily lives needed to be demonstrated as well as the public engaged in science policy deliberations. Public engagement initiatives should be both informative and deliberative; citizens should be involved in decision making processes; funding should be secured for public engagement initiatives. Respondents underlined that a good science education is crucial for public engagement –hence, themes five and six should be connected. Greater involvement of arts, humanities, social sciences was strongly recommended. 

Under theme six on public engagement with science respondents recommended 

· Strong involvement of arts, humanities, and social sciences,

· Public engagement (PE) activities which are both informative and deliberative,

· Involvement of citizens should be involved in decision making processes,

· Secured funding for public engagement initiatives.

The consultation document stated as main issues:

1. With science issues and innovation increasingly playing a part in every person’s life, it is becoming ever more important that citizens are able to make informed and responsible choices, whether as consumers, as parents influencing a child’s career direction, as voters, or as “users” of the natural environment. Further, in a “science nation”, science should be an overt part of our culture like our literature, music etc - a source of enjoyment, excitement and pride. However this is against a backdrop of media commentary on science that has been rather negative in recent years. It is clear that science can only proceed at the pace at which society becomes comfortable with the ethical and other societal issues that may be raised.

We need to:

· Be able to understand and evaluate for ourselves what scientists tell us 

· Develop a better sense of ownership and participation in the achievements of our scientists 

· Continually improve the dialogue and interaction between the public and the science and innovation community 

· Ensure that this community is increasingly delivering science education to the public in a way that captures its interest, answers its concerns and is inclusive to all citizens.

2. From this would grow mutual trust and stronger public support for new scientific ventures. This would in turn help to build the reputation of Scotland as an attractive place to develop science. Building this virtuous circle will require sustained effort over a number of years. These issues are explored further in Scottish Science Centres Network Strategy which the Scottish Executive published at the end of last year jointly with the four Scottish science centres.

3. While the current focus of the Executive’s efforts is through the Science Centres Network Strategy, views are sought in this consultation on what else can and should be done to increase public engagement with science.

Taking up on the last point, a considerable number of respondents felt the need for a wider reaching science in society strategy beyond the Science Centres. Also, the public was treated a little too much as mere recipient of information. Apart from awareness raising engagement, it was felt that in a democratic society citizens needed to be involved actively in science deliberation processes, from research priority setting through to risk assessment. “A science nation should have a recognised brand for science in society” could be the summary of these responses. To achieve this, social scientists, natural scientists, innovators, and policy makers should be invited to cooperate on science and innovation issues. A minority of (scientist) respondents questioned how much the public could be involved in science decision making given the complexity of many research issues. 

Pursuing these and other comments, this chapter is structured around general remarks on public engagement with science (9.1.), responses to long term aspirations (9.2.) and short to medium term action points (9.3.). A number of policy issues were mentioned too, which are summarised in the final section (9.4.).  

9.1. GENERAL COMMENTS

General commentary was separated broadly into views relating to existing public engagement activities and how these could be widened out as well as improved in the future. 

The Scottish public and the science base

Respondents felt that generally the Scottish public trusted its research community (as reflected for instance in the level of donations to medical research charities across Scotland, 17: Res) and that there was a good number of public engagement activities taking place every year, some of them innovative: for instance the Scottish Science Week, the first European Science Festival (13: EducB). However, it was also emphasised that public trust is more likely to arise from dialogue and transparency rather than “education” (46: Res).

How the public is engaged

Participatory events dealing with science should be designed to bridge the expert/lay-person divide and develop the capacity of the general public to make informed decisions rather than conceiving them as mere risk management exercises. Qualitative deliberative approaches such as consensus conferences, citizen’s juries and focus groups are well placed to raise awareness and improve understanding of the complexities of science in modern society. (53: NDPB). One respondent underlined that the science centres should not be singled out for public engagement activities since museums reach different, perhaps even wider audiences. The Executive therefore should promote and enable partnerships between museums, universities, research councils, learned societies, science festivals, science centres and many others (42: NDPB). Also, it was noted that the Scottish Colleges perform an important public engagement function over and above their educational function e.g. through connecting with the unemployed and un-educated, as well as children and parents: for instance, colleges work with Cubs and Scouts on Programmes such as “Learn to do Science” and “Biobubble” (8:Acad). Equally, Scottish universities fund Public Engagement Activities as well as jobs in the area. Respondents emphasised in this context that such posts needed to be rewarded and recognised better (74: Acad, 71: Acad, 75: Acad, 76: Acad). Consultees also mentioned that a thorough science education was the basis for the public to engage constructively with scientific issues (A78: ProfB). Another view was that popular science material held in collections should be promoted, access improved, exhibitions and displays hosted, e-resources provided and recognised as reliable information sources (41: NDPB). Many respondents remarked that in order to achieve higher levels of public engagement, Science Centres should be made free for the public: “It seems a pity that it does not cost the public to look at our illustrious past; however we charge them when they want to look at the future” (47: Acad, 50: Indiv).

How the public should be engaged 

Respondents emphasised that the public should be engaged at an early stage and in an open, transparent and inclusive way. Many felt that the social sciences, arts and humanities needed to be included in the process (58: SAdvB, 59: NDPB, 21: Acad, 64: ProfB) as they provided a ‘bridge’ to the natural sciences and allow the natural sciences to achieve the aspirations and action points set out under this theme. “What is distinctive about the social sciences is their role in increasing public engagement; effective communication, the use of language, understanding attitudes, changing behaviours, techniques for obtaining peoples’ views.” (64: ProfB). 

Other respondents were dissatisfied with the lack of appreciation of the complexities and nuances of genuine engagement in the consultation document. It was seen as simplistic a view that understands public engagement as an exercise that allows society to become more comfortable with science and its ethical and social issues. Instead, such engagement needed to be a dialogue which includes the openness to transformation by the interaction - on both sides. Such openness would develop mutual trust that engenders public support (21: Acad). One respondent felt that the concept of scientific literacy mentioned in the consultation document focused attention on what the public needed to learn about science, and diverted attention away from the parallel need for scientists (of all kinds) to reflect on the implications of their work (21: Acad).  Dialogue should take place between the public, scientists and policymakers at all stages from setting research priorities, through to decision-making about the management of risks and benefits in science and technology in order to improve governance and ‘democratise’ science. Independent evaluation should be carried out not only to assess how effective public engagement is in having an impact on decision-making. (53: NDPB). Another respondent underlined that “the listening aspect of public dialogue should be incorporated into the Science and Innovation strategy to ensure that public attitudes are taken account of alongside the views of other stakeholders, and that science and society proceed in the same direction at the same pace” (46: Res).  The respondent felt that the value of PE is not simply economic benefits but the “empowerment” of the public to make its own decisions, as well as the benefits for the science community and policy makers from being more in touch with society. 

To this end, traditional methods of public engagement such as referenda and consultations could be complemented by online consultation methods, citizens juries, and consensus conferences, in which members of the public are provided with balanced information, debate an issue and provide recommendations. Other methods which have proved successful are information and communication technologies, such as mobile phones. Consultations carried out with these technologies have the potential for instantaneous responses; therefore, the results they present may pose particular challenges for interpretation (53: NDPB).
Structural and methodological considerations

Whilst some applauded the diversity of activities, others emphasised that the existing engagement activities needed to be better coordinated perhaps under the umbrella of a national network (30: ProfB). The Executive should continue to address the issues of short-term viability and the longer-term sustainability of events such as the science festivals and science centres so that they become a national network that fulfils identified educational and cultural roles (63: SAdvB). A coordinating outreach body was considered be good; strategic co-ordination of public engagement would guarantee the best return - events throughout the year could culminate in one big event such as “Young Scientist of the Year Exhibition and Competition” as held in Ireland (29: ProfB). However, one respondent underlined that the Executive should provide positive policy environment but not undertake work itself –”People are suspicious of politicians and attempts at informal science education are as likely to be harmful as to be productive unless they are in the hands of scientists themselves and unless the people in the area are seen as trustworthy” (16: PressG).  Another felt that some of the activities seemed quite amateurish and that all had to compete for limited funds. The respondent stressed that the quality of public engagement was of paramount importance and that only those initiatives that have credibility with the public and the support of scientific community should be supported (78: ProfB). One respondent distinguished between an independent standing capacity for public dialogue and the existing facilities (such as Science Centres) the former for deliberative activities, and the latter for awareness-building events and as a platform for consultation (53: NDPB). 

Also, it was noted that Scotland should build connections and establish collaborations with science and society activities at UK and European level as most of the scientific issues are similar to other countries (58: SAdvB). In other European countries, public engagement is often conceived as more than simply knowledge transfer and education activities. Lessons could be learned from comparator nations like Denmark and Finland, where citizen-driven innovation is allowing small countries to compete successfully in an era of global knowledge and trade. Denmark in particular was mentioned as a world leader in using deliberative engagement approaches. Although there are distinctive features of the Danish experience, such as different political structures and special links between the organisers and the Parliament, the main aspect of the approach appears to be the consistency in using public dialogue as a valued policy tool (53: NDPB). 

9.2. LONG TERM ASPIRATIONS

The consultation document presented four long term aspirations: 
1) Promote understanding, appreciation and engagement with science by all levels of society through informal science education; 
2) Promote better co-ordination of informal science learning and community access activities;

3) Encourage dialogue between scientists and the public on science issues; 
4) Link in to Science and Society activity at a UK and European level. 

These were responded to by sixteen consultees in a mostly favourable fashion. One respondent noted that public engagement with science was difficult (though admirable) since society had developed into a sound bite culture: News programmes were more interested in human stories than complicated long term scientific results even where the latter will have a longer term impact (73: Acad). Another was “happy to support sentiments of this theme” but thought it lacked real structure of delivery (83: Indiv). Also, one view was that as presented public engagement issues were rather science-led (51: Acad). 

A number of respondents mentioned that science education had to start at school and noted welcomingly the role of the science centres for science education (7: ProfB, 9: Comp).                     Others felt that a science and society strategy was missing from the aspiration points. It would need to include a vision of how to include the public in science policy decision making (46: Res). Respondents further emphasised that science needed to be communicated well: scientists needed to learn how to talk to the media, and should receive training in public speaking as well as being rewarded for popularising science (65: ProfB, 38: RI).

9.3. SHORT TO MEDIUM TERM ACTION POINTS

The following short to medium term action points were mentioned in the consultation document: 
1) Take forward the four-year Scottish Science Centre Network Strategy published in December 2005, which describes the collaborative strategic objectives of the four science centres; 
2) Encourage science as a career choice; 
3) Forge synergies and complementarities with other science and society delivery partners; 
4) Ensure that our public dialogue focus is reflected in our programmes in support of public engagement with science and technology.
A total eleven respondents commented on these action points, most of them favourably. However, one felt that reference to clinical trial capability or work undertaken in this area was missing: “A package of public education concerning medicine development could be a part of a wider communication package” (9: Comp). Another stressed that whilst the Science Centres played a key role in public engagement, links needed to be strengthened with industry: Industry should have outreach programmes and community education activities (83: EconAssoc).

9.4. OTHERS

The following section will detail general policy issues mentioned under this theme as well as detail comments in relation to health, well-being, sustainability and the environment. 

Policy issues

· Ensure that the ‘harder to reach’ segments of the Scottish population are included in public engagement exercises (53: NDPB).

· Policymakers to become more transparent over how they take into consideration public opinion. For example, decision-makers could explain why a dialogue recommendation was not adopted. Evaluation should thus take into account all aspects of public engagement. Procedural elements should be thoroughly assessed along with a documented impact on decision-making (53: NDPB).  

· Increase funding for Science Centres so that they can reduce admission charges (5: Indiv). 

· Promote community access to science information and informal learning activities (7: ProfB). Respondents stated that teachers are often unaware of the resources available. Scotland should look to become a world-leader in informal science learning. (24: EducB). 

· Ascertain the motivations for science and society dialogue –for example, to improve research knowledge, to validate existing policy and practice, to advise on choosing between pre-determined options, or a more open-ended engagement with various dilemmas (53: NDPB).

Target measures

· Overall objective of Scotland really wants to become a science nation means that nothing less than 100 per cent penetration of the population should be the target (24: EducB).

· Public attitudes to science through MORI polls (29: ProfB, 51: Acad).

· Number of people taking up science at university/ school (29: ProfB). 

Sustainability and Health

· Involve public in debates about global warming, recycling, nuclear powers, GM, alternative energy sources, nanotech etc (5: Indiv). 

· Target activities so that they have an environmental impact (24: EducB).

· Communicate to the public that science is at the forefront of new technologies which can tackle climate change etc (29: ProfB, 34: Acad).

· Allow for proper appreciation of health issues in population - ageing, obesity, threat of pandemics, potential of new medicines and biotech (34: Acad).

· But: scientific community needs to understand the limits of science and innovation to deliver sustainability and that achieving a better balance between technological fixes and behaviour change is appropriate. Over reliance on, or over-confidence in, technological solutions discourages the behaviour changes required (57: NDPB).

CHAPTER TEN

THEME 7: DEVELOPING BETTER USE OF SCIENCE BY GOVERNMENT

The majority of respondents under this theme considered scientific knowledge the foundation of reliable, forward-looking and solution-oriented policies especially around issues of environmental regulation, climate change and Scotland’s welfare. In this context, the appointment of the Chief Scientific Adviser was welcomed throughout. It was seen as a crucial step towards the increased use of scientific evidence in policy making. It was understood to have kick-started the development of structural mechanisms that enable departments to draw on robust scientific evidence and to work on topics across departmental boundaries. Some suggestions were made as to how to ensure and advance the uptake of science by policy makers, for instance, through secondment and exchange programmes as well as research data bases for policy communities. Public health and environmental regulation should be evidence-based policy areas, and account should be taken of scientific evidence generated outside of Scotland.
Theme seven looked at the use of science by government. Respondents welcomed the post of Chief Scientific Adviser (CSA) throughout. They underlined that 

· The CSA’s role should be strengthened,

· Rules should be set up for the process of advice giving,

· Public health and environmental regulation should be evidence-based policy areas,

· Scientific evidence generated outside of Scotland should be taken into account.
The consultation document stated: 

1. Science has a fundamental role to play in developing good policy. The Executive has used scientific evidence to support important policy-making, most notably the smoking ban in public places. However, there are concerns that the Executive should be pursuing this approach more systematically. The various Departments of the Executive vary widely in the extent to which they devote resources to science, and more emphasis will need to be made on developing the potential benefits of science across the full range of devolved issues.

2. The Executive has improved cross-Departmental dialogue on science, but the mechanisms that may be needed to deal with urgent cross-Departmental science issues are not well-developed. Leadership within the Executive on science has until recently been rather diffuse. The Executive has appointed a new overall Chief Scientific Adviser for Scotland to help address these issues.

3. The Executive will be considering how best to draw on scientific advice from the wider community to inform policy making, and how to develop views on where good opportunities may lie for future science investment. A current question is whether this should continue to be through an independent standing committee drawn from leading members of the science community (i.e. the Scottish Science Advisory Committee) or through other arrangements, such as short-life working groups brought together to consider particular issues.

This chapter is structured around general comments on the use of scientific evidence in policy-making (10.1.) and the few more specific responses to long term aspirations (10.2.) and short to medium term action points (10.3.).  

10.1. GENERAL COMMENTS

Theme seven was commented on the least (total 38 respondents). It was also the least controversially discussed. General commentary was separated into views relating to the use of scientific evidence in policy-making at present, the role of the Chief Scientific Adviser, areas in which scientific evidence should be sought, and the process of advice giving. The analysis of each is presented below. 

The use of scientific evidence at present

The majority of respondents agreed that there was a clear need for an increased use of scientific evidence in policy making, and that policy decisions based on robust scientific evidence would guarantee the best long term impact and return for the people of Scotland. 

Despite recent developments such as the appointment of the CSA many felt that a certain lack of strategic and accountable leadership on science was still evident within the Executive: this was a key concern for respondents (51: EducB, 58: SAdvB, 73: TU). Respondents deplored that science did not have its own division within the Scottish Executive and that it seemed slightly tagged on to other policy areas. One respondent felt that government still failed to accept the costs of good quality research at either infrastructural or project level (26: Acad). This opinion was supported by the view that Government seemed to dismiss evidence which contradicted policies (73: TU).
On a more general level, one view was the current academic incentive structures discourages applied and interdisciplinary research, the very qualities which in most cases are essential if research is to make a contribution to policy, as well as to wider society. Also, scientists and policy-makers alike are often unaware of the contribution that science can make to policy. The respondent felt that these structural problems needed to be addressed first (57: NDPB). 

Against this background, theme seven’s direction towards a more systematic and coordinated approach on scientific evidence in policy making was greatly welcomed. The theme was seen as addressing the necessary steps towards enhancing the potential benefits of science across departmental boundaries to cover the full range of devolved issues. However, one consultee felt that a section should be included which sets out more directly why scientific evidence was needed for policy making (58: SAdvB).

The role of the Chief Scientific Adviser

In the context of an overall recognition of scientific evidence for policy making the position of the Chief Scientific Adviser by the Executive was greatly welcomed. It was considered an “extremely positive step” (16: PressG), an “excellent step” (29: ProfB) that will help to address the lack of connectivity within the Executive on science matters. It was felt that the position would provide a better forum for discussions between the major funding departments (58: SAdvB) and that its influence should be strengthened further (34: Acad).

Hope was expressed that the Executive would take full advantage of the opportunities afforded by the role. In particular, it was felt important that the adviser has influence across a range of areas, not just within a narrow focus. “A real science strategy can only work effectively if … boundaries are ignored and the system looked at as a whole” (16: PressG). Several respondents expressed interest in developing contacts with the CSA. One respondent underlined that “if scientific evidence and advice is to play its proper role in informing policy development, those providing policy advice to Ministers must be receptive to the input that the CSA can provide” (49: EducB). 

The CSA might be aided in her coordinating and connecting role by learned societies (23: Acad and supported by a Science Committee in Parliament where Ministers can take evidence from STEM experts, scrutinise legislation and conduct inquiries on science relevant policy issues (55: EconAssoc). As to the choice posed of a either standing committee in Parliament or a series of short life working groups, one view was that a mixture of both would ensure that Scotland benefits from the continuity of the former and the flexibility of the latter (56: NDPB). 

Areas of advice-giving

A recurring view was that evidence-based public health initiatives made significant difference to the public’s understanding of cancer as to reduce the number of people at risk of developing the disease. 

Another area where science would yield better public policy was in the field of environmental regulation and enforcement. “The use of science allows for genuine risk-based regulation that is directly linked to the environmental damage actually being done rather than the blunt, one-size-fits-all regulations that can flow from ‘bad’ science” (19: EconAssoc).

Many respondents expressed the view that horizon-scanning activity needed to be encouraged to identify areas of potential policy developments and evidence needs which would necessarily cut across departmental boundaries (45: TU, 46: Res, 49: EducB). 

Process of scientific advice giving

Some respondents felt that the process of evidence gathering was made difficult due to the fact that most political leaders and civil servants had a background in the social sciences and did not understand enough the impact of business, science and technology on policy making (28: Indiv, 73: TU). Senior civil service officials and policy makers should have a basic understanding of the scientific method, the role and importance of peer review, the relevance of different types of evidence and how it should be evaluated (78: Acad). This view went hand in hand with the opinion that political representatives are often ignorant of scientific methods and for instance the importance of probability as opposed to facts in scientific thought (37: Indiv).  A respondent emphasised in this context that events on science issues organised by Learned Societies or Academic Institutions for Parliament and Government could be better attended by MSPs and civil servants (55: EconAssoc). 

In addition, it was underlined by one respondent that social science research has a vitally important role in facilitating the natural and physical sciences making their contribution to the evidence base. A strong social research presence is required for mechanisms to be put in place to strengthen and co-ordinate structures and secure effective dialogue and to evaluate whether science and innovation strategies are successful (64: Prof B).

In accordance with this it was felt by many that the effectiveness of evidence based policy making should be continually assessed and that appropriate assessment structures should be put in place (17: Res, 46: Res, 57: NDPB). The process of evaluating and obtaining scientific evidence was not only crucial, but also needed to be made more transparent (17: Res, 71: Acad, 79: Comp). Feedback should be provided to researchers on how their work had been used in developing policy, in order to build capacity for and encourage engagement with the policy (57: NDPB).
Respondents commented further that scientific advice should be sought from anywhere in the world as the best information to help develop a policy might have been researched elsewhere. “Scotland will not always have the relevant in-house experience” (16: PressG). Science advice should be drawn from all relevant sectors on both the national and international level (46: Res).

10.2. LONG TERM ASPIRATIONS
The consultation document stated three long term aspirations: 
1) strengthen and co-ordinate Scottish Executive structures to manage science and innovation policy, including cross-cutting issues and links to Whitehall and the EU; 
2) increase significantly the use of robust scientific evidence in policy making; 
3) develop mechanisms for effective dialogue between policy makers and scientists. 
Eleven respondents answered to the aspirations directly. Their responses were of general and favourable nature. One respondent suggested that the increased use of robust scientific evidence in policy-making was a suitable over-arching long-term goal for the theme of ‘developing better use of science by government’. (57: NDPB). Another underlined that government needed to convince the public that it is serious about making best use of science (65: ProfB). The willingness was emphasised to support any mechanisms for listening to and acting upon conclusions from researchers (77: Acad). In order to further the dialogue between policy makers and scientists it was suggested that universities should be encouraged to organise courses and seminars that invite MSPs (34: Acad). 

10.3. SHORT TO MEDIUM TERM ACTION POINTS

The consultation presented five action points: 

1) Develop the role of the Chief Scientific Adviser for Scotland to co-ordinate the Executive’s agenda on science, in partnership with the Chief Scientific Adviser in Environment and Rural Affairs Department and the Chief Scientist in Health Department; 
2) Review arrangements for the Scottish Science Advisory Committee for 2007 onwards; 
3) Ensure the Executives has mechanisms for robust external advice on scientific matters; 
4) Consider how best to develop and interconnect Scotland’s horizon scanning activity and link into activities at the UK level where relevant; 
5) Establish clear targets to assess progress on use of science with the Scottish Executive.
These action points were commented on explicitly by eight respondents. Seven agreed in a general way, though it was felt that more needed to be done to expose civil servants and others to science “science knowledge transfer” (26: Acad). This view was in line with some of the general comments expressed under theme seven. 

One respondent believed that further action was necessary to improve dialogue between scientists and policy-makers in a general sense. To achieve this, barriers to dialogue were highlighted in the response. In particular, researchers and policy users’ awareness should be raised regarding the potential contributions of research to policy making. Incentive structures and performance measures needed to be put in place to ensure that the production and use of policy-relevant research was recognised and rewarded. Concern was expressed regarding the current lack of career structure for those whose role is to interpret science for use in policy development (e.g. science communicators and science advisors). Training programmes should be established for policy staff with a component on the use of scientific evidence in policy-making. At the same time, training needed to be facilitated for researchers on the policy process and on communicating with policy-makers e.g. through secondments (57: NDPB).

The same respondent suggested the development of a database of policy-relevant research, which would draw together projects sponsored by research councils and different government departments/agencies, so that policy staff are able to access existing research in a timely manner (57:Ag). 

In order to increase the availability of access to scientific information, another respondent suggested to establish an equivalent to the Parliamentary Office for Science and Technology (POST) or a web-based think tank like Newton’s Apple (5: Indiv)

Another suggestion was to establish a pairing exchange between top civil servants, SE ministers, MSPs and research scientists (29: ProfB).

CHAPTER ELEVEN

CONCLUDING REMARKS
The consultation was welcomed as necessary and timely, as was the intended revision of the 2001 Science Strategy. The inclusion of innovation was welcomed by the majority of respondents though most felt its current definition needed further clarification as it was lacking both in breadth and sharpness. 
Responses were wide ranging and varied, even slightly controversial in relation to some of the themes, in particular themes three and four on knowledge exchange and innovation: Whilst the Scottish research base was generally thought to be very promising, most respondents felt that knowledge exchange between research and business communities needed to be intensified in order to build a more pervasive culture of innovation. 

Most respondents tended to provide free text commentary. At times, such commentary deviated from the response structure suggested in the consultation document and made the collection and analysis a more challenging task. Sometimes additional topics were inserted under the themes which allowed extra areas highlighted by the respondents to be captured. Individual chapters contained summaries of comments on each of the themes and topics raised. 
The consultation exercise was seen as an opportunity for reflecting on the current state of science education at schools and universities, of science research and of research related innovation. Further questions included the uptake of science by the Scottish public: How engaged is the public, how well informed? How and on what level is the Scottish public involved in decision making? How involved should it be? Which actors should be active in this process? On the basis of such reflection, all respondents felt invited to go a step further and make suggestions as to the desirable state of Scottish research, innovation, education, and public engagement. 
There was great confidence that Scotland was on the right track certainly with regard to its research excellence. Given its remarkable scientific achievements both of past and present, respondents were adamant that Scotland was in a strong position to compete with the key global players in research. This position not only needed to be maintained, but above all developed and improved. Due to the global character of modern day sciences, it was emphasised that Scotland should formulate its own way forward, though in close relationship with UK, Europe, US, and Asia both in terms of research collaborations and funding opportunities. Here (as elsewhere), connectivity was one of the buzzwords. 
However, many respondents felt the consultation document was too academic in its orientation: instead of involving the Scottish science research base in its breadth and depth, the document focused unduly on HE institutions. One respondent suggested the term ‘academia’ should be replaced by ‘research communities’. 
In agreement with the Consultation document, sustainability and health were considered the most important research issues for Scotland. Wherever possible, research in these areas should be made locally relevant (34: Maxwell Mathematical Sciences, 57: SEPA, 5: Indiv, 51: Scott Agricultural College). Scientific evidence for policy communities was most important in these areas. Investment in renewable energy, opto-electronic and nanoscience sectors should be promoted (29: Institute of Physics, 57: SEPA). Energy was considered another sector where Scotland has the potential to become a world leader both in ‎the science and technology. Scotland should “lead the way in CO2 emission reduction, recycling and sustainable energy technology” (5: Indiv). It should develop efficiencies in energy generation, fossil fuel consumption, reduction of waste, improved waste management systems (38: Macaulay Institute). 

With regard to science education and science careers in Scotland the majority agreed that Scotland needed more well-trained and better funded science teachers as well as technical support staff. Both teachers and support staff should be offered CPD on a regular basis. The Curriculum of Excellence was welcomed throughout, yet it was emphasised as well that science teaching should be more experimental and hands-on. Co-operation with external partners such as the Science Centres, museums, libraries and others should be supported. Science Centres in particular could be key actors in encouraging a more hands-on, experimental approach. Universities might work together with schools and provide technical equipment through their laboratory facilities. 
Research careers needed to be made more attractive: respondents lamented the currently low pay nature, low job security as well as short term contracts and underlined the need for policy makers to act on this swiftly. 
Again, connectivity was one of the underlying issues in this context, meaning here the need for a tight network and close connections between schools, universities, career centres, public science institutions, as well as business and industry as future ‘users’ of scientific knowledge. 
On the topic of public engagement many respondents made a plea for a much stronger involvement for arts, humanities, and the social sciences. It was agreed by a large number of respondents that these disciplines allowed for a deeper understanding of the societal context of research, of scientific concepts, processes and methodologies, as well as wider implications of scientific research for both economy and society. It was felt that citizens needed not only to receive information and understand the ways in which science works, but also needed to be more actively involved in science policy processes –from research priority setting through to risk assessment. Many respondents suggested looking at European countries such as Denmark and Finland where citizen-driven innovation allowed successful competition. 
Overall, the responses to the consultation were comprehensive, detailed, based on professional and personal experience in Scotland and beyond. With a few exceptions, the general mood was one of welcoming a new Science Strategy, in particular in combination with the suggested focus on innovation. 
Annex A

The following list contains details of non-confidential responses to the consultation. 

Aberdeen College
Advocates for Animals
Amicus (West of Scotland Education Branch)
Dr Paul D Andrews
Jane Angus
Association for Science Education Scotland
Association of Scotland's Colleges
AstraZeneca
Bioindustry Association Scotland
Biomathematics and Statistics Scotland
bioProcessUk
British Association for the Advancement of Science
British Psychological Society
Peter van Bruchem
Campaign for Science & Engineering
Cancer Research UK
Careers Scotland
Council for Business and Industry Scotland
Edinburgh Consortium for Rural Research
Edinburgh Mathematical Society
ESRC Genomics Research Forum
Glasgow Caledonian University
Glasgow Science Centres
Terry Hegarty
Heriot-Watt University
Highlands & Islands Enterprise
Individual anonymous response 1
Institute of Physics
Institution of Engineering and Technology
Institution of Mechanical Engineers (1)
Institution of Mechanical Engineers (2 - extra paper)
Intellectual Assets Centre
Interface
The International Centre for Mathematical Sciences and the Maxwell Institute for Mathematical Sciences
Learning and Teaching Scotland
Eileen Lister
Peter Macalister Hall
The Macaulay Institute
Galen Milne
National Endowment for Science Technology and the Arts
National Library of Scotland
National Museums Scotland
Our Dynamic Earth
Open University in Scotland
Prospect
Research Councils UK
The Robert Gordon University
Royal College of Nursing
Royal Society of Edinburgh
George Savage
Scottish Agricultural College
Scottish Council for Development and Industry
Scottish Council Foundation
Scottish Crop Research Institute (and MyInefield Research Services Ltd)
Scottish Engineering
Scottish Enterprise
Scottish Environmental Protection Agency
Scottish Executive Environment and Rural Affairs Department Strategic Advisory Panel
Scottish Funding Council
Scottish Optoelectronics Association, ScotlandIS, and National Microelectronics Institute
Scottish Resource Centre for Women in SET
Scottish Schools Equipment Research Consortium and the SAPS Biotechnology Scotland Project
Scottish Science Advisory Committee
Social Research Association
Society for General Microbiology
Nicky Souter
Stow College
Technology Ventures Scotland Ltd
Dr Paul Thomson
UK Computing Research Committee
University of Aberdeen
University of Abertay Dundee
University and College Union Scotland
University of Edinburgh
University of Glasgow
University of St Andrews
University of Stirling
Universities Scotland
Wyeth
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�Scottish Development International (SDI) was formed in 2001. It assists the growth of the Scottish economy both by encouraging companies based outside Scotland to do more business in and with Scotland, and by helping Scottish companies do more and better business overseas.. For more information see also � HYPERLINK "http://www.sdi.co.uk/pages/Our-Services/About-SDI/Who-We-Are/index.asp" ��http://www.sdi.co.uk/pages/Our-Services/About-SDI/Who-We-Are/index.asp�


�SMART: SCOTLAND is a Scottish Executive grant programme intended to help small and medium-sized businesses to improve their competitiveness by developing new, highly innovative and commercially viable products or processes to the benefit of the national economy. For more information see also: � HYPERLINK "http://www.scotland.gov.uk/Topics/Business-Industry/support/16879/6782" ��http://www.scotland.gov.uk/Topics/Business-Industry/support/16879/6782�, last accessed 06/2007.


�The SPUR programme is designed to assist and encourage small and medium sized enterprises (SMEs) to undertake highly innovative research and technical development. For more information see also � HYPERLINK "http://www.scotland.gov.uk/Topics/Business-Industry/support/16879/6783" ��http://www.scotland.gov.uk/Topics/Business-Industry/support/16879/6783�, last accessed 06/2007.
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